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Notices

Monographs of the European Pharmacopoeia are distinguished by a chaplet
of stars against the title. The term European Pharmacopoeia, used without
qualification, means the Tenth Edition of the European Pharmacopoeia
comprising, unless otherwise stated, the main volume, published in 2019, as
amended by any subsequent supplements and revisions.

Patents In this Pharmacopoeia certain drugs and preparations have been included
notwithstanding the existence of actual or potential patent rights. In so far
as such substances are protected by Letters Patent their inclusion in this
Pharmacopoeia 'neither conveys, nor implies, licence to manufacture.

Effective dates New and revised monographs of national origin enter into force on
1 January 2022. The monographs are brought into effect under regulation
320(2) of the Human Medicines Regulations 2012.

Monographs of the European Pharmacopoeia have previously been
published by the European Directorate for the Quality of Medicines &
HealthCare, in accordance with the Convention on the Elaboration of a
European Pharmacopoeia, and have been brought into effect under the
Human Medicines Regulations 2012, as amended, and the Veterinary
Medicines Regulations 2013, as amended.
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2022 General Notices II-3

Part I,

- -, _.-. . -

TIle British Pharmacopoeia. comprises the entire text within this publication. The
word'offici~i' isllSed in the Pharmacopoeia tQ 'sig~ify 'of thePharmacopoeia'. It,

, , (lpplies to any title, substance, preparation;method or statement included in the
, general notices, monographs and appendices of the Pharmacopoeia. The ,

abbreviation for British Pharmacopoeia 15 BP. '

Monographs of the European Pharmacopoeia are reproduced in this edition
of the British Pharmacopoeia by incorporation of the text published under
the direction ofthe Council of Europe' (Partial Agreement) in accordance
with the Convention on the Elaboration of a European Pharmacopoeia'
(Treaty Series No. 32 (1974) CMND 5763) as amended by the Protocol to
the Convention (Treaty Series No. MISC16 (1990) CMND '1133). They
are illc1uded for .the convenience of'Users of the British Pharmacopoeia. In
cases of'doubt or'dispute~referenceshould be.made.to the Co~cil of
Europe text. , ' , , ,,', ..

, ~.". Moriographs of the European Pharmacopoeia are distinguished by a
.. : .chaplet 'of stars against the title and by reference to the European-*.•" " , -.' .' ", -- - _.," ; - .- - -- - --,

" ',Pharmacopoeia monograph number included immediately below the
,title'in itaiics~'Thebeginning and end'of text from the European' ~

" Phllrmac<ijroei:icaiederioiedbim~ans of horizontal lines with me symbol
'Ph Em' ranged left and rightrrespectively. . ' . ";"':'
. The general provisi!Jns 'of the European Pharinacopoeia relating to
different tYPes of ilosage forin are included in the.appropriate general '

" momig,:aph,in thatsection of the British Pharmacopoela entitled' . .
, Monograph$:Fomlulated Preparations. These general provisions apply to
,all dosageforIDs of the rype:defined, whether or-not-an individu~lo. ,:. '
monograph i,flrlcluded ill the British Phannacopoeia. ill addition, the
provisions ofthe European P.\1armacollOe(a 'General Monograph for
Pharmaceutical Preparations apply to all dosage forms, whether or not atl
individual monograph is included in the 'British Pharmacopoeia.' , ,

,Texts' of th~'European Pharmacopoeia _aI~ governed by the.General,
Notices of the EuropeanPhllrm3copoeia. These' are reproduced as Part ill

, of these notices:' ' .. . '

.-0-

European'
Pharmacopoeia

-'--~----,'-'---------- --_._-----~------
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Official Standards

--- '-

2022

Part II

-The following general notices apply to the statements made in the monographs of
the British. Pharmacopoeia other than those- reproduced from the European
Pharmacopoeia and to the statements made -in theAppendices of the British

- PharmacopiJeia other than when a method, test or other matterdescribed in an
appendix isinvoked ill (l monograph reproduced from the European

-.Pharmacopoeia.

The requirements stated in the monographs of the Pharmacopoeia apply to
articles that are intended for medicin-al use but not necessarily to articles
that may_ be sold under the same name for other purposes. An article
intended for medicinal use that is described by means of an'official title
must comply,With_t1ie requirements of the relevant monograph. A .
formulated preparation must comply throughout'its assigned shelf-life
(period of validity). The subject of any other monograph must-comply
throughout its period of use.

A monograph is to be construed in accordance with any general
monograph 'or notice or any appendix, note or other. explanatory material

, .that is contained in this edition and that is applicable to that monograph.
All statements contained in the monographs; except where a specific general
notice mdiGates otherwise and with the exceptions given below, constitute - _
snindardsJor the official articles.. An -article is not of pharmacopoeial qualify
unless ltcomplies with all of the reqillremems stated. This does not imply -

, that a manufactW-er is obliged 1:0 perform all "the tests in a monograph in
order to assess ~op;pliance with the Pharmacopoefabefore release of a

-product; The manufactUrer may, assure himSelf that a product is of
phatffiacPlJoeial quality by other meansj.for example, froJnd-ata-derived
from validation studies of the manufacturing process, from iri-process

- controls or from acomblnation of tile two: Parametric release in _
appropri~t~ circumstances is thusnQt precluded by therieed to comply with

-the Pharmacopoeia. The general notice' on Assays and Tests indicates that
-analytical metliods other than those described in the Phiumacopoeia may be
employed fat routine purposes.

Requirements-in monographs have been framed to provide appropriate
limitation of potentialimpurities rather 'than to provide against all possible

- impurities, Material found to contain an impurity not detectable by means
of the prescribed tests is not of pharmacopoeial quality if the nature or
amount of the itnpuqty found is incompatible with good pharmaceutical
practice. ' - - -" . -" " -., - - __-- ---, , ,

The.status of any statement given under the -Iieadings Definition,
Production, Characteristics,Storage, Labelling or Action and we is defined

"within-the general notice relating to the relevant heading. Inaddition to any
exceptions indicated by one of the-general notices referred to above, the
followingp,arts of a monograph do not constitute standards:' (a) a graphic or
molecular formula given at the beginning.of' a monograph; (b) a molecular

- weight; (c) a Chemical Abstracts Service Registry.Number, (d) any
information-given at the end of a monograph conceinlng impurities known
to be limited by that monograph; (e) illforma.tion in any annex to a

I
I

J
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General Notices 11-5

monograph. Any statement containing the word 'should' constitutes non­
mandatory advice .or recommendation.

The expression 'unless otherwise justified and authorised' means that the
requirement in question has to be met, unless a competent authority
authorises amodification or exemption where justified in a particular case.
The term 'competent authority' means the national, supranational or
international body Of organisation vested with the authority for making
decisions concerning the issue in question. It may, for example, be a
licensing authority or an official control laboratory. For a forrriulated
preparation that is the subject of monograph in the British Pharmacopoeia
anyjustified and authorised modification to, or exemption from, the.
requirements of the relevant general-monograph of the European
Pharmacopoeia is stated in the individual monograph. For example, the
general monograph for Tablets requires that Uncoated Tablets, except for
chewable tablets, disintegrate withiri 15 minutes; for Calcium Lactate
Tablets a time of 30 minutes is permitted.

Many of the general monographs for formulated preparations include
statements and requirements additional to those of the European
Pharmacopoeia that are applicable tothe -lUdividual monographs ofthe
British Pharmacopoeia. Such statements and requirements apply to all
monographs for that dosage form included in the Pharmacopoeia unless
otherwise ilidicated in the individual monograph.

Where a monograph on a biological substance or preparation refers to a
. strain, a test,.a method, a substance, etc., using thequalifications 'suitable'

or 'appropriate' without furtherdefinition in the text,-the choice of such ..
.strain, test, method, substance,-etc:, is made:in accordance with any
jntemational agreementS or national regWa:i!ons affecting the stibject
concerned. .. .... ... -, ;-' j

Definition of Terms Where the term 'aboutis included in a monograph or test it should be .
taken to mean approximately (fairly correct or accurate; near to the actual
value). . .

Where the term 'corresponds'.is included-in a monograph or test it
-sh<1uld be taken to-mean. similar-or equivaleritin-character or quantity,

Where the term 'similar' is included in a monograph or test it should be
taken to mean alike though not'netessarily identical.
. Further qualifiers. (such as numerical acceptance criteria) for the above
terms are not included in the BI'. The acceptance ~riteria for any individual

.. _case is set based on the range-of results obtatned from known reference ..
. - . samples, the level of precision ofthe equipinent or apparatus used and the

. level of-accuracy required for the particular application. The user should
.determine the variability-seen in hisJher own laboratory and set in-house
acceptance criterhl thatlielshejudges to be appropriate .basedon theJocaL .
operating conditions. . o. . .

, Expression of
. Standards

Where-the standardforthe content of a substance described in a
monograph is expressed in-terms of the chemical formula for that substance
an upper limit ex~eeding 100% may be stated. Such-an upper limit applies
to the result of the assay calculated in terms of the equivalent conterit of the
specified chemical formllla.For exa,mple,the statement 'contains not less
than 99.0% and not more than -101.0% of C2oH2~202,HCI'implies that

, the result of the assayis nor.less than 99.0% and not more than 101.0%,
calculate~nn terms of the equivalent content of C2oHuN202,HCI.

~--~_.
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II~6 General Notices 2022

Where the result of an assay or test is required to be calculated with
reference to the dried, anhydrous or ignited substance, the substance free
from a specified solvent or to the peptide content, the determination of loss
on drying, water content, loss on ignition, content of the specified solvent

.' or peptide content is carried out by the method prescribed in the relevant '.
test in the monograph..

, '--,

Expression of
Concentrations

Temperature The,Celsius thermometric scale isused in expressing temperatures..

Weights and':'The metric system of weights and measures is employed; SI Units have
Meastiresgenerally been adopted. Metric measures are required to have been .

· graduated at 20° and all measurements involved in the analytical operations
of the Pharmacopoeia are intended, unless otherwise stated, to be made at .-'

. .

that temperature. Graduated. glass apparatus used in analytical operations
- should comply with Class Arequiremehts of the appropriateInternational
'.Standard issued by. the Internarional Organization for Standardization.' The
· abbreviation for litre is 'L' throughout the Pharmacopoeia.

:AtonUcWeights Th~ atomic weightsadopted are the values given in the Table of Relative'
- Atomic Weights 2001 published bythe International Union of Pureand

,Applied Chemistry (Appendix XXV).

Constant Weight '. The term 'constant-weight', used in relation to the process of drying or the
o. process. of ignition, means that-two consecutive weighings do not differ by

,. more than 0.5 mg, the secondweighingbeing made ,after an additional .
~, period of drying or ignition under. the specified conditions appropriate' to­

th_e nature and quantity ofthe residue (Lhour.is usuallysuitable).

· The termc'per cent; or Jrt~r~ usuaily:thesymbol ''Yo' is:usedWitii one offour'
different meanings in the expression of concentrations.according to .

· ~ircumstances..In order that th'emeaning to be-attached to the eXIl~ession' .
· in each instance is clear, the following notation is used: . . - .
.. Per cent w/v. (% w/w) (percentage weight'in weight) expresses the

number of grains of solute 'inl00'g of product.' .
. Per eetltw/v (% w/v) (percentage' weight in volume) expresses-the

number of grams of solute in 100 nil. of product.
Per cent v/v (% II/v) (percentage volume in volume) expresses the

number ofmillilitres of solute in 100 ml, of product.
· Per cent vlw (% v/w) (percentage volume in weight) expresses the
number of millilitres of solute in 100 -g of product. ,

Usually the strength of solutions of solids in liquids is expressed as
':' - percentage weight in volume, of liquids in liquids as percentage volume in
. . volume-and ofgases:iIi liquids as percentage weight in weight. ... '~.

When the concentration of a solution is expressed as parts per. million .
(ppm), it means weightin weight, wlIess otherwise specified,
. When the concentration of a solution is expressed as parts of dissolved

_. substance in parts of the solution, It means parts by weight (g) of a solid-in
pans by volume (mL) of the final solution; or parts by volume (mL) of a

.liquid in parts by volume .(mL) of the final solution; or parts by weight (g)
- of a gas in parts by weight (g) of thefinal solution..

When the concentration-of a .solution is expressed in molarity designated
. by the symbol Mpreceded by a number, it denotes the number of moles of

-- j

i
--'-, '
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2022 General Notices II-7

the stated solute contained in sufficient Purified Water (unless otherwise
stated) to produce 1 litre of solution.

Water Bath The terni 'water bath' means a bath of boiling water, unless water at some
other temperature isindicated.in the text. Analternative form ofheatingc
may be employed providing that the required temperature is approximately
maintained but not exceeded. . .

Reagents The reagents required for the assays and tests of the' Pharmacopoeia are
defined in 'appendices. The descriptions set out in: the appendices do not
imply that the materials are suitablefor use in medicine.

Indicators Indicators, the colours of which change over approximately the same range
of pH, may be substituted for one another but in the event of doubt or
dispute as to the equivalence of indicators for a particular purpose, the

'indicator specified in the text isalone authoritative:'
The quimtity'of an indicator solution appropriate for use in acid-base

titrations described in assays or tests is Q.l mL unless otherwise stated in
---th~-_h~xt.' ' - -- -- _ .,-.' - -

Any solvent required in an assay or test.in which 'an indicator is specified
is previously neutralised to the indicator, unless a blank test is'prescribed.

--~.

,

Caution Statements ' A number of materials described in themonographs and some of the
reagents specified for use in the assays and tests of the Pharmacopoeia may ,

, be injurious to health unless adequate precautions life taken. The principles
of good laboratory practice and the provisions of any'appropriate -

,-regulations such as.those issued in the, United Kingdom in accordance with ,
, 'the Health and Safety at Work etc. Act 1974 should-be observed'at all times

in carrying out the assays and tests of the,Pharmacopoeia. ,
Att~ntion is drawn, to particular hazards in certain monographs by means

of an italicised statement; the absence of such'a statement should not
however be taken-to mean that no hazard exists., '

Titles' Subsidiary titles, where included, have the same ,significance as the main
titles. An abbreviated title constructed mac~ordanceWith the directions

, given in Appendix XXI A has the same significance as the main title.
Titles that are derived by the suitable inversion of words of a main or

subsidiary title, with the addition of a preposition if appropriate, are also
official titles. Thus, the following are all official titles: Aspirin Tablets,
Tablets of Aspinn;:Atropine Injection, l.rijection of Atropine. -

A title of a formulated preparation that includes the full nonproprietary
name of the active-ingredient or ingredients, where this is not included in
the title of the monograph; is also an official title. For ,example, the title, '
Promethazine Hydrochloride Oral Solution has the same significance as ,
Promethazine Or~I'Solution and the-title Brompheniramine Maleate Tablets
has the'same significance as Brompheniramine Tablets. " .' , ,

Wbere the English title at the head of a monograph in the European
C Pharmacopoeia is different from that at the head of the text incorporated'

into the British'Pharmacopoeia, an Approved Synonym has been created on
the recommendation of the British Pharmacopoeia Commission, Approved
Synonyms have the same significance' as the maintitle and are thus official
titles. A cumulative list of such Approved Synonyms is provided in
Appendix XXI B. - '

-- - ---' .::-' - --
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II-8 General Notices 2022

Where the names of pharmacopoeial substances, preparations and other
materials occur in the text jhey.are printed with capital initial letters and
this indicates that materials of Pharmacopoeial quality must be used. Words
in the text that name a reagent or othermaterial, a physical characteristic or
a process that is-described or defined in an appendix are printed in italic
type, for example, methanol, abslJrballce,gaschi'omatography, and these imply
compliance with the-requirements specified inthe appropriate appendix.

Chemical Fonriulae When the chemical composition of all official substance is known or ~
generally accepte-d, the graphic and molecular formulae, the molecular

~~~ weight and the Chemical Abstracts Service Registry Number are normally
given at the beginning of the monograph for information. This information ~

refers to the chemically pure substance and is not to be regarded as an
indication of the purity of the_official material. Elsewhere, in statements of

~ standards of purityand strength and in descriptions of processes of assay, it
~ is evident from the conten that the formulae denote the chemically pure ~~-
substances. ~ ~ ~ - ~

- where the absolut.e stereochemicalconfiguration is specified, the
International Union of Pure and Applied ChemiStry (lUPAC) R1S and BIZ
systems of designation h~ye been used. If-the substance is an ~enantiomer of ~

unknown absolute stereochemistry the sign of the-optical rotation, as
determined in the solvent and under the conditions specified in the
monograph, has been attached to the systematic name. An indication of
sign of rotation has also been given where this isincorporated in a_trivial
name that appears on an-jUPAG preferred-list.-- ~- - - ~~

All amino acids, except-gly~in:e; have the r-:cClli!iguration unless otherwise _­
-indi~ated. Thethree,.lelter ~ ahd one-Ietter symbols used for amino adds in _ ~

peptide and protein sequences are those recommended bi the Joint ­
Commission on Biochemical Nomenclature of the'Intemational Union of
Pure and Applied ~heffii.stty and.the -International Union of Biochemistry
~dMoleCularBiology.- 0 ~ - ~-

Inthegraphic formulae the following abbreviations are used:

,'----

Me­
Et
pi
Pt"
Bui

-CH3

-GH:iCH~
-GH(CH3h -:
-CH2CH2GH3 -

-CH2GI{(GH3h

---,Bu'_­

~Bli~

--'-- Bu'
~ ~ Ph

_Ac

-CH(GH3)CH2GH3

~ - -GH2GH2CH2GH3 _

-C(GH3h
-CJfs
-COCH3

Definition Statements given und~t~the heading Definiri~n cohstilUte an official
~~ definition of the substance,.preparation orother article mat is the subject of

the monograph:)'heYconstitutei.tistruCtio~s~or requirements and are ~
mandatory in nature. - - - ~ ~ ~ ~ ~ _

Cena-in medicinal, ofpharmaceutical-substances and other articles are
defined by reference 10 aparticular method of manufacture. A statement

-that a substance or-article is prepared.or obtained by a certain method _
constitutes part of the official definition and implies that other methods are ~
not. permitted. A statement that a substance may bi prepared or obtained by
a certain method, however, indicatesC that this is one possible method and
does not imply that other methods arepToscribed.

www.webofpharma.com
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Addirionalstaternenrsconcerning the definition of formulated
preparations are given in the general notice on Manufacture of Formulated
Preparations.

, - . --

Production Statements givenunder the heading Production draw attention to particular
aspects of the manufacturingprocess but arenot necessarily comprehensive.

, They constitute mandatory instructions to manufacturers. They may relate,
for example, to source materials, to the manufacturing-processitself andits
-validation and control, to in-process' testing or to testing that is to be
carriedout by the manufacturer on the final product (bulk material or
dosageform) either on selected batches or on each batch prior to release'.
These statements cannot necessarily De verified on a sample of the final
product by an independent analyst. The competent authority may establish

.that the instructions have been followed, for example, by examination of
, data received from the manufacturer, by inspection or by testing

appropriate samples.
The absence of a section on Production does hot imply' that attention to

features such as those referred to above is not required. A substance, .
. 'prepai'ation or article described rna,monograph of the Pharmacopoeia isc!o

be' maJ1ufactu~ed .in accordance, with the principles of good 'manufacturing ,
practice 'and in accordance with relevant international agreements-and .

· supranational and fliitional regulations governing medicinal products.
Where in the section under the 'heading Production amonograph on a

vaccine defines,the characteristics of the.vaccine strain to be used, any test
lIleiliodsgiven for confirming these characteristics are-provided as \Oxamples

· of suitable methods:=-The use of these methods is n()tmaI!datory.,.. .
. .AdditionaI:statemehtsconcerning the production offormulated
- preparati~ns are given in the general-notice on lViamifacrUte of Formulated
heparatiom;.· . - -. -

ManUfacture of 'Attention'is.drawn to the need toobserve adequate hygienic precautions ill
Forinulated -. the prepai~tion.and dispensing of pharlIlaceutical formulations. The

Prepatatipns . p'Dndpfes oLgooa pharmaceutical manuf~ctUring practice should be
observed: . . _ _ , . ._
"The Definition incertain monographs for pharmaceutical preparations is

giyen in teoosa! the 'principal ingredients only. Any ingredient, other.than.
those included in the Definition, must comply~ith the general notice on -
Bxclplenrs ana the product must,COnform .with the Pharmacopoeial .
requirements. . _ _

The Definition in other monographs for pharmaceutical preparations is-
· presented as a full formula. No deviation from tlIestated formula is- - .
pe~itted except those allowed by the general notices on' Colouring Agents
and Antimicrobial Preservatives. Where additionally directions' are givert·
under the heading Extemporaneous Preparation these are Intended for the
extemporaneoi,I.s preparation ofrelativefy small quantities for short-terin
supply and use; When so prepared, no deviation from thestated directions
is permitted. If, however, such a pharmaceutical preparation is _
manufactured ~n a larger scale withthe intention that it may be stored,
deviations from the stated directions are permitted provided that the final
productmeets the following criteria: . _ _ .

_(I) .compliance with all of the requirements stated ill the monograph;

www.webofpharma.com
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,~

I,

(2) retention of the essential characteristics of the preparation made strictly
in accordance withthe directions of the Pharmacopoeia.

Monographs for yet other pharmaceutical preparations include both a
Definition in terms of the principal ingredients and, under the side-heading
Extemporaneous Preparation, afull formcla together with, in some cases,
directions for their preparation. Such full formulae and 'directions are
intended for the extemporaneous preparation of relatively smallquantities
for short-term supply and use, When so prepared, no deviation-from the
stated formula and directions ~is permitted. If, however; such a.'
pharmaceutical preparation is manufactured-on a larger scale with the
intention that it may be stored, deviations from the formulaand directions.
stated under the heading Extemporaneous Preparation are permitted
provided that any ingredient, other than those included in the Definition,
complies with the general notice on Excipients and that the final product
meets the.followingcriteria:

(I): accordance with the Definition stated in the monograph; C _ _ _

(2) compliance with all of the requirementsstated in the monograph;

(3) retention of the essential characteristicSofthepr~p{;ration made strictly
~in accordance with the formula and directions of the Pharmacopoeia.

In the manufacture of any official preparation on a largescale with the _
intention that it should be stored, in addition to following any instruction
under the -heading Production, it is necessary to ascertain that the product

- is satisfactory with respect to its physical arid chemical stability and its state
of preservation over the claimed shelf-life. This applIes irrespective of
whether'the formula of the Pharmacopoeia and any instructions given under
the headlflg Extemporaneous,Preparationare followed precisely or ~ ~

modified; Providea that the preparation I1~s_been shown tobest~ble in-
~ other respects, petenoration due to microbial c~ntaminationDiay_be ~ ~
inhibited_by the incorporation of a suitable antimicrobial preserVative. In

, such circumstances the label states appropriate storage conrliti_ons, the date ~ ­
after whieh the product should not be used and the identity aJid
conceiltration .ofthe antimicrobial'preservative. ~ ~

• -..,- ,- _, '0

,

Freshly and The direction, given under. the headmgExtemporaneous ~PrepaJ;atiob., that a
-- RecentlyPrepared preparation must: be freshly prepared jnQicates that It must be made not ~-­

more than 24 ho;Hs before it is issued for use. The directlonthat a ~
preparation should be recently prepar~([ indicates that deterioration is likely
if the preparation is sto~edfor longer dian about 4 weeks at 15° (025°.

Methods of The methods of sterilisation used in preparingilie sterile materials
Sterilisation described.in the Pharmacopoeia are given in AppendixXvnr. For aqueous

~ preparations, steam sterilisation (heating in an autOclave) is-the method-of,
choice wherever it is known to be suitable. Any method of sterilisation must
be validated with respect to both the, assurance of sterilitY and the integrity
of the product and to ensure that the final product compfies with the
requirements of the monograph.' - ~

Wat~ ,The term water used without qualification in formulae for formulated ­
preparations means either potable water freshly drawn direct from the ~
public supply and suitable for drinking or freshly boiled and cooled Purified
Water. The latter should.be used if the public supply is from a local storage
tank or if the potable water is unsuitable for a particular preparation. ~

u: j
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Excipients Where an excipient for which there is a pharmacopoeial monograph is used
in preparing anofficial preparation it shall comply with that monograph.
Any substance added in preparing an official preparation shall be
innocuous, shall have no adverseinfluence on the therapeutic efficacy of the

'active ingredients and' shall not interfere. with the assays and tests of the
Pharmacopoeia-Particular care should be taken to ensure that such

· substancesare 'free from harmfulorganisms,

Colourmg Agents

Aiitimicrobial
Preservatives

If in a monographfor a formulatedpreparation defined by means of a full
formula a specific colouring agent or agents IS prescribed, suitable
alternatives approved in tbe country concerned may be substituted,

When the tern 'suitable antimicrobial preservative' is used it is implied that
the preparation concerned will be effectivelypreserved according to tbe

· appropriate criteria applied,and interpreted as described in the test for
. efficacy·ojantimicl'Obial preservation (AppendixXVl q:-lri certain' ' ,

monographs for formulated preparations defined by means of a full formula,
- a specific antimicrobial,agent or agents may,be prescribed; suitable
- alternatives may be substituted provided iliai their identity and

concentration are stated onethe jabel;' . : .

Characteristics Statements given under tbe heading Characteristics are not to be
interpreted in,a strict sense and are-not to be regarded as official
requirements. Statements on taste are provided, only irl cases where this
propertYis ,a'guide' to.the.acceptabilityof.the material (for example, a'
material.usedpriinarilY·for flavouring). The status of statements on
solubility is given in:the genera!notice on Solubility." .

Solubilitj ~ Statettt~nt;;011 so!tibilitY given-urider the heading
· Characteristics are intended as information on the appr~ximaie solubility at
.a temperature between 15° .an\l25°, unless otherwise stated, 'and are not to
be considered as official requitements. , ,.'

Statements given under headings such as Solubility in' ethanol express
exact requirements 'arid constitute part of tbe standardSfor-the substances

. under which they Occur., .' ,. ". '.
The following'table indicates the meanings of the terms ~sed in

, statements of approxiJnate solubilities. -

Descriptive term .

very soluble _

freely soluble ~

soluble . . ',' .

sparingly solUble

slightly soluble'

very slightlysoluble

practically insoluble,

· Approximate volume of solvent
in millilitres per gram of solute

less_ than I

froml to 10.

~ from 10 to 30
· .

from30 .to 100

from 100 to 1000

from.IOOO to 10 000

·more than 10 000

»<: '-=

. ,","-'. -

The te~'partlYS()luble'is-used to, describe a mixture of which only
some of the conipoiu,nts dissolve.
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Identification The tests described or referred to under the heading Identification are not
necessarily sufficient to establish absolute proof of identity. They provide a
means of verifying that the identity of the material being examined is in
accordance with the label on the container.

Unless otherwise'prescribed, identification-tests are carried out at a
temperarure between 15° and 25°. '"

Reference !>p¢i:tra Where a monograph refers to' an infrared reference
.specmlln,thls spectrum is provided in a separate section of the
Pharmacopoeia. A sample spectrum is considered to be concordant with a
reference spectrum-if the transmission minima (absorptionmaxima) of the
principal bands in the sample correspondin-position, relative intensities and
shape to those ofthe reference. Instrumentation software may be'used to

, calculate concordance with a previously recorded reference spectrum.'
. When tests for .infrared absorption are applied to material extracted from

.,_formu13ted preparations, strict concordance withthe .speclfied reference
spectrum may not always be possibleybutneverthelcss a Close resemblance
between the spectrum of the extracted material and the specified. reference

. sp~ctrum' should lie achieved. , . '

Assays andTests The assays and tests described are the official methods'upon which the
standards of the Pharmacopoeia depend. The analyst is not precluded from

" employing alternative methods, including methods of micro-analysis, in any
assay or test if it-is known that the method used will give a result of c

equivalent accuracy. Local reference materials may be used for routine".
analysis; proYidedthat these are calibrated against the official reference

· materials. Ill. the~ven:t of doubt or dispute, the methods'of analySis, the
• ,reference matenals and the-reference' spectra 'ofthe Pharmacopoeia 'are

,alone authoritatiye., . '. ." . .''.'
, Where the solvent used for a solution is notnamed, the solvent-is .
Purified Water:' . . ' .

Unless otherWlse,prescribed, the assays and tests are 'carried 'o~t at a
temperature between 15° and 25°.

A temperature in a test for LOss on drying, where no temperature range'
is given, implies arange'of 1:2° about the stated value. - ,

Vis~al comparative tests, unless otherwise'prescribed, are carried out·
using identical toties of colourless,·transparent; neutral glass with a flat .
base. 'The volumes of liquid prescribed are for use with tubes 16 mm in
internal diameter; rubes with a larger internal diameter may be used butthe

· volume of liquid examined must be increased so that the depth of liquid in
· the rubes is not less than that obtained when the prescribed volume of

liquid and rubes] 6 mm in internal diamet~faie used. Bqualvolumes of the
· liquids to be compared are examined down the vertical axis of the tubes'
: .against awhite -background or, if necessary, against a black background.
· The examination is carried out in diffuse light. . ',..

Where a direction is given that an analytical operation is to be carriedout
· 'in subdued light', precautions should be taken to avoid exposure to direct'
sunlight or other strong light. Where' a direction is given that an analytical
operation is to be carried out 'protected from Ught', precautions should be'
taken 1:0 exclude actinic light by.the use of low-actinic glassware, workinglD
a dark room or similar procedures. .

For preparations other than those of fixed strength, the quantity to be
taken for all assay or test is usually expressed in terms of the active
ingredient. This means that the quantity of the active ingredient expected to,

~-- ~
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be present and the quantity of the preparation to be taken are calculated
from the strength stated on the label.

In assays the approximate quantity to be taken for examination is
indicated but the quantity actually used must not deviate by more than
10% from that stated. The quantity taken is accurately weighed or
measured and the result .of the assay is calculated from this exact quantity.
Reagents are measured and the procedures are carried out with-an accuracy ,
commensurate with the degree of precision implied by the standard stated
for the assay.

In tests the stated quantity to be taken for examination must be used
unless any divergence can be tak~n into account in conducting the test and
calculating the result. The quantity taken is accuratelyweighed.or measured
with the degree of precision implied by the standard or, wherethe standard
is not stated numerically (for example, in tests for Clarity and colour <if
solution), with thedegree of precision implied by the number ofsignificant
figures statedReagents are measured and the procedures are carried out
with' an accuracy commensurate with this degree of precision.
, The limits stated in monographs are based,on data obtained in normal

analytical practice; they take account of normal analytical errofs, <if, ,
acceptable variations in manufacture and of deterioration to art extent,

.consldered acceptable. No further tolerances' are to be applied [0 the limits
prescribed to determine whether the article being' examined complies 'with
the requirements of the monograph. , " .

IIi determining compliance with'a numerical limit, the calculated result of
a test or assay is first rounded to the number ofsignificant figUres stated, ' ,
unless otherwise prescribed. The last figure is increased by 1 when the part
rejected is equal to or exceeds one half-unit, 'whereas it is not.lnodified

, 'when the parr rejected is.less than.a half-unit.:' '-'' " '
, In certain tests, the concentration ofimpurity isgiven in parentheses '.

either as a percentage or In parts per million by weight (ppm). 'In '
dltomatographic tests such concentrations are stated as a percentage
irrespective of the limit. In other tests they are usually stated iii ppm unless
the-lintit exceeds 500 ppm. IIi those chromatographic tests in-whlch a' .'
secondary spot or peak in a chromatogramobtairied with a solution ofthe
substance being examined is described as corresponding to a named
impurity and is compared with a spot or peak in a chromatogram obtained

. with a reference, solution of the same impuri-ty, the percentage-given in
parentheses indicates the limit for that impurity. In tIiose chrQrnatographic

, tests in which a spot or peak in a chromatogram obtained With a solution of
the substance being examined is described in terms other than as .

'corresponding to a named irnpuriryIeommonly, for exarnple.as any (other)
secOndary spot or peak) but is compared with a spot or peak in-a'
chromatogram obtained with ~ reference solution of a named'irnpurity,the .
perceniage.glven in parentheses indicates an impurity limit expressed in
terms of anominal concentration of the named impurity. -fuc~ '. .

, chromatog..aphic tests in wliicha c~mparisonis made between spots or , '
peaks in-chromatograms obtained with solutions Qfdifferent concentrations
of the substance being examined,-the percentage given in parentheses
indicates an impurity limit expressed -in terms of a lJominal_c~ncentration of
the medicinal substance itself. In some monographs, in particiJlar those for
certain formulated preparations, the impurity limit is expressed in terms of a

, nominal concentration of the' active moiety rather than of theinedicinal,

_ • ....c-

,_~~ ,__ ,_~'O=-'--"'--_'"'--"-- _

www.webofpharma.com



IJ-L 4 General Notices 2022

substance itself. Where necessary for clarification the terms in which the
limit is expressed are stated within the monograph.

-In all cases wherean impurity limit is given in parentheses, the figures
given are approximations for information only; conformity with the
requirements is determined on the basis of compliance or otherwise with
the stated 'test. "

Theuse of a proprietarydesignation to identify a material used inan '
assayor test does not imply that: another equally suitable material may not

" ,

be used.

:Biological Assays
" and Tests

,-

.Methods ofassay described as Suggested methods are not obligatory, but
when another method is used its precision must be not less than that
required for the Suggested method.

For those antibiotics for which themoriograph specifies a 'microbiological
assaythe potency requirement is expressed in the monograph in
International Units (IU)per milligram. The material is not of
pharmacopoeial quality if the.upper fiducial Iimit.of error is less thah the _~

, stated potency. For such antibiotics the required precision of th.e,-assay'is
stated in the monograph in terms of the fiducial limits of error-about the
estimated potency. -- - ,_ , __ ,

For other substances and preparations for which the monograph specifies
a biological assay, unless otherwise statedj-the precision of the assay is such.
that the fiducial liIIlits of error, e.xpress-ed_as a percentage of the estimated

_potency, are within a range not wider than.that obtainedby multiplying by
_ a factor of 10 the square roots of the limits given in the monogriiph for the - -
, fiducial limits oferror about the s.tated-po~encY. ' ,,-- -'

In all cases fiduciallimitsof error are based on,a piobabilitYQf 9'5%
(P =0:95). _, '
. Where the biological assay is being used to ascertain the purity of the

, material, the stated potency means the potency.stated on the label in terms ­
oflnternational Units (IV) or other Units per gram"pe(miJligrarilor per'
millilitre. When no such statement,appears onthe label;-the stated poten1:Y
means the fixed or minimum potency required-in the monograph. This,
interpretation of stated potency-applies in all cases except where the

- - monograph specifically i:Ikects oth~rwtse.. _ _ ' -
Where the biological assay is being used to determine the total activityin '

the-container, the stated potency means the total number of International
Units -(IU) or other Units stated on the label or, if no such statement
app'ears,'1:I)e total activity calculated in -accotdance 'with'thelnstrtictions in '
tlie monograph.

Wherever possible the primary standard used in an assay or test is the
respective International Standard or Reference Preparation established by ,
the World Health (;)rganizationfor international use and the biological
activity is expressed 'in International 1Jnit~ (IU). ," '

In other cases; where Units are referred to ill an assay or test, the Unit
for a particular substance or preparation is, for the United Kingdom, the.
specific biological activity contained in, such an amount of the respective
primary standard as the appropriate international or national organisation'
indicates. The necessary information is provided with the primary standard.

Unless otherwise directed, animals used in an assay or a test are healthy
animals, drawn from auniform stock, th_at have not previously been treated
with any material that will interfere with the assay,onest. Unless otherwiSe'
stated, guinea-pigs weigh not less-than 250,g or, when used insystemlc

.~~-:.i:.-,- ~-..:.._>_,_'.:- -'------
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toxicity tests, not less than 350 g. When used in skin tests they are whire or
light coloured. -Unless otherwise stated, mice weigh not less than 17 g and
not more than 22 g.

Certain of the biological assays and tests of the Pharmacopoeia are such
that in-the United Kingdom they may be carried out only in accordance _

- with the Animals (Scientific Procedures)ActI9116. Instructions.included in
such assays and tests in the Pharmacopoeia; with respect to the handling of
animals,' are therefore confined to those concerned with the accuracy and -
reproducibility of the assay or test. ' '

Reference Certain monographs require the use of a reference suhstance, 'a reference
Substances and preparation or a reference spectrum. These are chosen with regard.to their

Reference _ intended use as prescribed in the monographs of the Pharmacopoeia and
Preparations are notnecessarily suitable in-other circumstances. _

- Any information necessary for proper use of the reference substance or
-- reference preparation is given on the lahel or in theaccorilpanying leaflet or'

brochure. Where no drymg conditions are stated in the leaflet or on the
label, the substance is to be used as received. No certificate of analysis or

- othe~ data not-relevant to the prescribed u~e of the product are pro~ded. ­
The products ate guaranteed to be suitable for use.for a period of three
months frorri dispatch when stored under the appropriate conditions: The
stability of the contents of opened containers cannot be guarant"eed. The
currentlot is listed in the BP Laboratory website catalogue. Additional

.intormetioriis provided in Supplementary Chapter III E. _
_Chemical Reference Substances - The abbreviation BECRS indicates- _

-aChemic1i1 Reference Substance established bythe BritlshPHarmacopoeia ,
cCommiss;~~. The abbreviati~nCRS ~r EPCRS i~dicates a Cheq,lcal-- ' '
Reference Substance established by,the EhropeanPharmacopoeia,
Commission. Some Chemical Reference Substances are used for'the

'micrObiological assay of antibiotics and their activitY'is stated, in, __
International.Units, on-the label or on the accompanying leafIet 'anddefined

,-in the SjlIlle'manner as for Biological Reference Preparations. - "; ­
iJiological Relm.ence'Preparations' .The rriajorilfofthe primary -

- biologlcafrefurencepreparations referred to are the appropriate
International Standards and'Reference Preparations established-by the .• _
World HcalthUrganlsation. Because theseTeference materials are usually:

- a~ailable only in' limited quantities, the European Pharmacopoeia 'lias
established Biological Reference Preparations (indicated by the abbreviation

, -- BRP or EPBRF) where appropriate. Where appli<;able,the potency of the
- BiologicalReference Preparations is expressed in International Units: For
some Biological Reference Preparations, where an international standard or
reference-preparation does hot exist, the potency is expressed in European
Pharmacopoeia, Units. - - - -

Storage Statements under the side-heading Storage constituteCnon-mandatory
advice. The substances and preparations described: in the Pharmacopoeia
'are to be-stored under conditions that prevent corttalliination and, as far as

.. possible; deterioration: Unless otherwise-stated in the-monograph; the
substances and preparations described in the Pharmacopoeia are .kept in

-well-closed containers and stored at a temperature not exceeding 25°.
Precautions that should be taken in relation to the effects of die
atmosph~re,-moisture, heat and light are indicated; where ~Pl'ropriate, in, .
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the monographs. Further precautions may be necessary when some
materials are stored in tropical climates or under other severe conditions.

The expression 'protected from moisture' means that the product is to be
stored in an airtight container. Care is to be taken when the container is
opened in a damp atmosphere. A low moisture content may be maintained,
if necessary, by the use of a desiccant in the containerprovided that direct

, , " contact with the product is avoided. " , ' " , " . ,,"
The' expression 'protected from light' means that me product is to be

stored eitherin a container made ofa material that absorbs actinic .light
sufficiently to protect the contents fromchangelriduced by such light or in
acontainer'enclosed in an outer cover.that provides such protection or
stored in aplace from which all such lighf is excluded.

The expression 'tamper-evident container' means a closed container fitted
with a device that reveals irreversibly whether the container has been,

'.,-'opened. ,

, - '-

-- - - -

Labelling The labelling requirements of the Phannacopoeia are not comprehensive,
; and theprovisicnsof regulations issued jfi accordance with the
requirements of the territory ill \Vhich the~medicinalproduct is to be'used
should be met: . .' '

Licensed medicines intended for use within the United Kingdom must
- comply-with the requirements of the HU1l1ID MedicineS ReguhltionS,2012,

" as amended, in respect of their labelling and packaging leaflets, together
with those regulations for the labelling-of hazardous,materials. ' .

Best practice.guidance on theciabeliing'and packaging of medicines fOf '
usein the United Kingdom advises that"'certain.items of informationare

'" deemed cnticaLforthe safe use of the melticfue:(see "Best Practice
,Guidanceon the Labelling and Packaging:of-Medicines" .issued by the,

MHRA, 2012). Further infotm~tion aild.guidance on jhe labelling of ..
. medicinal products can be found in.SupplementarY ChapterTG. '
, 'Such ma-tteN as the ekact form.-O'fwQrdmg to'be used and whetlier a -

, particular item ofinformatioll should appearon the primary ia6el and
"additioOlilly, or alternatively, on the'paCkage Or e~ceptionally in a leaflet are, ­
in general,.outside the scope ofthePhannacopoeia: When the term ,'label'" .'
is used in 1.abelling~tatements of the fh.~acopoeia, decisionsas to where. '
the particulsrstatemcnt should aIipear'shoUld'thereforebe made in' .
accordahce with tefevahi legislation.' ,

The label of every officialfOrIDuliltl~dprepaiati(jn-o!her than those of
, fixed strength also states the content of the active ingredient or ingredients"

expressed in the terms required by tIle:ni.mwgraph. Whet<;,the content ot
active 'ingredient is required to be' expresSed in-terms other than the weight,
of the official medicinal substance used ihPtaking the formulation, this is ~

' -, specifically stated under the heading Lalielling. Unless!otherwise stated in
the monograph, the content of the acqve:ingredient is expressed in terms of
the official medicinal substance usedm.making the formulation: . ~

-These requirements do not necessarily lIpply to tIDIicensed preparations ,
supplied in accordance with a.prescription. For requirements for Unlicensed'
medicines see the general monograph on' Unlicensed Medicines. , ' .. ' ,--

Action andlj~e . The statements given under this head~g in monographs are intended oDJ.y ~
as,information on the'principal pharma_cological actions or tIie uses of the .

, materials in medicine or' pharmacy. It snoUld not be assumed that the '
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substance has no other action or use. The statements are not intended to be
binding on prescribers or to limit their discretion.

'--', -

i e:

Crude Drugs; Herbal and complementary medicines are classed as medicines under the Human
Traditional Herbal Medicines Regulations 2012, as amended. It is emphasised that, although

and Complementary requirements for the quality of the material are provided in the monograph to assist
, Medicines theregistration scheme by the UK LiCensing Aurhority, the British Pharmacopoeia

, Cotl,lmissioil has not assessed the, safety.or efficacy of the maieria! iIJ traditional
'use.

. Monograph Title For traditional herbal medicines, the monograph
title is a.combination of the binomial name together with a description of
use. 'Monographs for the material that has nor.been processed (the herbal
drug) and the processed material (the herbal drug preparation) are
published where possible. To distinguish between the two, the word
'Processed' is included in the relevant monograph title. ,

Definition-- Unaer the-heaainiDelinitioii:~theootanicalname together
with any synonym is given. Where appropriate.ifor material thar has not
been.processed, information on the collectionlharvestlng,andlor..treatmenti
drying ofthe wholeherbal drug may be given~.For processed materia1s, the
metIiod of processing, where appropriate, will normally begiv:en in a
separate section. , .

Charcictrnstics .References to odour are included only where this is'
, highly:characteristic. References to taste are not.included.
" "Control methods Where applicable, the control methods to .be used in
. mon:ograph~ are: ' ' ,

(a) _fu-acroscopie;tland microscopical descriptions and chemical/
- . c!tr9marographic tests for identification .-

: (b)' tests for absence ofany related 'species' ' _,

(c)~ microbial test to assure microbial quality'

(d)'testS 'for inorganiciriJ.purities 'and non-specificpUrlty tests, including
exttactive tests, Sulfated ash and Heavy metals,-where appropriate

'ere> te~dor Loss o'u drying or Warer - "

(t) . Wherever possible, a method for assaying the active constitu~nt(s) or
suitable maike,r constituent(s). ,

. •-The macroscopical characteristics include those featUres that can be seen
.c &y the, unaided eye oLby the use ofa handlens:When two species! '

subspecies of the same plant are included in the Definition, individual
. diirerence~ between·the.two-are indicat!:dwherepossible. '

The description of the microscopical characteristics-of the powdered drug :
. includes-information on the dominant or tIie most specific characters. '
.Where'it is considered to be an aid to 'identification, illustrations of the
p6wdel'~ddrug may be provided. .. . .. . ... .

. Thefcllowing' aspects are controlled by-the general monograph for
Herbal Drugs: they arerequired to be free from moulds;' insects, decay, __
aninlal matter, and animal excreta. tJiiless.oth.e~se- prescribed·thea,mount
of foreign matter is not more than 2% wlw. 'Microbial c6ntamination should
be minimal. '.

In determining the content of the active constituents or the suitable.
marker substances measurements are ll1~de with reference to the dried or .
anhydrous herbal drug. lit the tests for Acld~m:soluble a~h, Ash:Extractive

- soluble in' ethanol, Loss on drying, Sulfated ash, Water, Watercsoluble ash
and Water-soluble extractive of herbal drugs> 'the caleulationsare made with

',- '-'--'--.' _"':..:- _--.::._-- '-''--- --
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reference to the herbal drug that has not been specifically dried unless_
otherwise prescribed in the monograph.

Homoeopathic Homoeopathic medicines are classed as medicines under the-Human Medicines
Medicines Regulations 2012, as amended. It is emphasised that, although requiremenu for

the quality of the material are provided in the releuant monograph ill order to
assist the simplified registration scheme by the UK Licensing Authority, 'the British_

- - Pharmacopoeia Commission has not assessed the safety or ~fficacy of the material
in use.

AIl materials used for the production of homoeopathicmedicines,
including excipients, must comply with European Pharmacop-oeia or British
Pharmacopoeia monographs for those materials. Where such European
Pharmacopoeia or British Pharmacopoeia monographs do not exist, each
material used for the production of homoeopathic medicines must comply­
with an official national pharmacopoeia of a Member State.

-British Pharmacopoeia mon~graphs-for homoeopathic medi~ines apply to

homoeopathic stocks and mother tinctures only, but may be prefaced by a
section-which details the quality requirements applicable to the principle
component where there is no European Pharmacopoeia -or British:": -

- Pharmacopoeia monograph for the material. These monographs also
include either general statements on the methods of preparation or refer to

specificmethods of preparation given in the EuropeanPharmacopoeia,' -
Homoeopathic stocks and-mother jincrures undergo the further process
refen-ed to as potentisation, Potentisation is a term specific to homoeoparhic ­
medicine andis a process of dilution of stocks and m.other tinctures to --

- produce;the final product. - _ _ _
- Identification tests are established for the.components in hOll1oeopa!hfc _
stocks and usually relate. to those appli~d to the materials used in the - ­

-c_production of the- homoeopathic stocks. An assay is-mcluded for the_
--principal componerii(s) where).1ossible:Rot mother tinctures, an

identificanontest, usually chromatographic, is 'established and,_ where­
. applicable, an assayfor the principle component(s); where appropriate,
other rests, related to .the solvent, dry matter or known adulterants, are

-included. - - . - -

- Specifications have- not-been set for final homoeopathic products dueto_
the high dilution used in their ,preparation and the subsequent difficulty in ~-

-applying analytical methodology.", _ _- _ - -
Statemen-ts under Crude Drugs; Traditional Herbal and Complementary ­

-Medicines also apply to homoeopathic stocks and mother tinctures, when
appropriate. _

- Unlicensed The General Monograph for Unlicensed Medicines applies to those -
Medicines_ formulations used in htunan medicine that are prepared under a _ - : -

Mantif'acturer's 'Specials' Licence or prepared extemporaneously undel'-tlie_
supervision of a pharmacist, whether or not there is a.published monograph
for the specific dosage form. _ _ _

An article intended formedicinal use that is described by means of an -
, official title must comply with the requirements of the relevant monograph.

-_ A formulated preparation must comply throughout its assigned shelf-life
(period of validity). The subject of any other monograph must comply.
throughout its period of use. - _

Unlicensed medicines that arc: prepared under a Manufacturer's _
_'Specials' Licence comply with the requirements.of the General Monograph

•
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for Pharmaceutical Preparations, the requirements of the General ­
Monograph for Unlicensed Medicines andywhere applicable, the­
requirementsof the individual monograph for the specific dosage form.

Unlicensed medicines prepared extemporaneously under the supervision
_of a pharmacist comply with the requirements of the General Monograph
for Pharmaceutical Preparations, the requirements of the General
Monograph. for Unlicensed Medicines and, where applic::able,· the
requirements of the individual monographfor-the specific dosage form..

-W1iife it is expected that extemporaneous preparations will demonstrate ­
pharmacopoeial compliance when tested, itis recognised that it might not ­
be practicable to carry out the pharmacopoeial tests routinely on such
formulations. In the event of doubt or dispute, the:methods of analysis,-the
reference materials and the reference spectra of-the Pharmacopoeia are..
alone authoritative.

j
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Mdriographs atidotherteXts vf thC European Pharmacopoeia that are 1~cOl'Porated
in this edition vi the Britisli Pharmacopoeia are governed by the genera/notices of
the European Pharmacopolia; these are reproduced below.

GENERAL NOTICES OF THE EUROPEAN
PHARMACOPOEIA'

i.i. GENERAL STATEMENTS ..

The General Notices apply to all monogIaphs and other texts of the
European Pharmacopoeia:' " ,. _.:., .

.The official texts of the Europeen Pharmacopoeia are published in
EngJl...$h and French. Translations in othe; languages may be prepared by'

., the signatory States bf the EirrbpeanPhannacopoeia Convention. In case of
doubtor dispute, the English and French:versions are aloneaurhoritarive.:

In-the texts of the European Pharmacopoeia, the word 'Pharmacopoeia'
without qua1ification means die European Pharmacopoeia. The official

, ' abbreviation Ph. Eur, may beused to indicate.the European
Pharmacopoeia.. . , . ' .'. '

. The use of the title or.ihe~subtitle ~f a monograph implies that the article
c';i:nplies with the requiremelits 'of the relevant monograph. Such references
to'nionolltaphsin the texts.of,the Phanfiac()P.beiaaresIioWnu~ingthe '

:' monograph title and referen'Cenumber initazics.: ' , .
Apreparation must conipjy throughOut jts periodof.validity; a distinct ',:

· period of validity and/or sPecmcatfons for.opened orbroached containers'
, may be decided by the,competent authority. The subject of any other
· monograph must comply throughout its'period of use. The period of
· valiaity that is assigned to anygiven article and the time.fromwhlch that'

period is to becalculatedarecdecided by the competent authoritY in light of
· expknmenral results ofstabilIty studies, '. ..' ...'

Unless o.thetwrse indicated~ ill the General Notices or in the monographs,
statements in ~onograplis 'cons,tilUteman..datory requirements..General'

· chapters become mandatotYcwl),en referredt() in a monograph, unless such .
reference is made in a way,that indicates that it is not the intention to make
the text referred to mani:liltory but rather to cite 'it for information. .' .

The active substances;' excipients, pharmaceutical preparations'and other'
articles described in the mml.ogfaphsare intended for human and'veterinarY
use (unless.eXplicitly restricted to one of these uses).

. Quality systems

Alternative methods

The quality standards represeim':d bym6nographs are valid only where tile:, ..
articles in question are produced within the framework of a suitable quality
system. The quality system must assure that the articles consisteni:1y meet
the requirements of the Pharmacopoeia..

The tests and assays described 'are the ~fficia1methods upon which ihe
standards of the Pharmacopoeia are based~With the agreement of the
competent authority, alternative methods 'of analysis may be used.for '
control purposes, provided that the methods used enable an unequivocal '
decision to be made as,to Whether compliance with the standards of the .
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, '

. monographs would be achieved if the official methods were used. In the
.event of doubt or dispute, the methods.ofanalysisof the' Pharmacopoeia are
, alone authoritative.

>-: -. "

Demonstration of· (1) Anarticle is not of Pharmacopoeia quality-unless it complies with all the'
compliancewith the requirements stated in the monograph. This does not imply that ,

Pharmacopoeia performance of all the tests in a monograph is 'necessarily a prerequisite
, for a manufacturer in assessing compliance with, the Pharmacopoeia

before release of a product. The manufacturer may obtain assurance
that a product is of Pharmacopoeia quality on the basis 'of its.design, '
iogethe~ with its control strategy and data derived, for example, from
validation studies of the manufacturing process.

(2) An enhanced approach to quality control could utilise process analytical
, . technology (pAT) and/or real-time release testing (including parametric

, : _r~jease) strategies as alterI1.atlves to_ end-producttesting aIOlle._~e.al-time
. release testing in circumstances deemed appropriate by the competent
...authority is thus not precluded by the need to comply with The'

,Pharmacopoeia.' . .

(:3) Reduction .0faninIal testing: the European Pharmacopoeia is dedicated'
to phasing out the use of animalsfor test purposes, in accordance With

"the 3Rs c(Replacement, Reduction, Refinement) set out in the European
-Convention for the Protection ofVertebrate Animals used for '

" ~ Experimental and Other Scientific Purposes. In demonstrating
compliance with the Pharmacopoeia as indicated above (1),

" rnanufacturersmay consider establishing'additional systems to monitor' .
cll"i:lsistency o(produc!:ion. With the ~greementof thecompetenr ' .
'authority,·tlre'choice of testS petformed to assess compliance with the
Phannacopoeia when animal tests are prescribed is established in sucha .
way·.thataDimal psage-ismiirimised as much as possible.

'Grade ofmateriaIs· Certain pjaterials that are the subiectof a pharmacopoeial monograph-may
", .exi;t'in' different grades suitable for different purposes. Unless otherwise'

"indicated in the monograph, the requirements apply toaJ] grades'of the '
.. ' :/Uaterialdrt·some monog;,apns, particularly those On eJicipients,.a list or-

" functionality-related characteristics thatare relevant-to the use of the'
substance may be appended to .the monograph for infortnation.1'est·
methods for determination of one or more of these characteristics may be
given~' also for information:

.General' 'Sub~tances and prepaiatio~;that are the subject of an indiVidual'
monographs, monograph are' also required to comply with relevant, applicable general

,'.' monographs: Cross-references to applicable general monographs are not
, . normally given in individual·/Uobographs. ' " ' ' " ,
'. General monographs apply to.all substances and preparations within the

scope of the Definition section of the general monograph; except where' a
prearribleJiinits the application; for example to srlbstances and preparations

" that are ·the subject of a monograph of the Pharmacopoeia.
, General monographs on dosage forms apply to all preparations of the

type defined. The requirements are 'flot necessarily comprehensive for a
given specifio preparation and requirements additional to those prescribed
in the general monograph may be imposed by the competent authority.
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General monographs and individual monographs are complementary. If
the provisions of a genera! monograph do not apply to a particlllar product,
this is expressly stated in iliiindividual monograph, .

Validation of -The test methods given in monographs and general chapters have-been ­
- pharmacopoeial validated inaccordance with accepted scientific practice-and current:

methods recommendations on-analytical.validation. Unless otlienvisestated_in the
- monograph or general chapter, validation of the test methods-by the analyst

is not required.

I,

Implementation of
pharmacopoeial

-- methods

Interchangeable
methods

When implementing a pharmacopoeial method, the user must assess ­
whether and to what extent the suitability of the method under the actual
conditions of use needs to be demonstrated according to relevant -
monographs, general chapters and quality systems. -

,.",----------

Certain general chapters contain a statement mat the text in question is
harmohlsed with: the corresponding text of the Japanese Pharmacopoeia
and/or t1ie United States-Pharmacopeia and that these texts-are
interchangeable. This implies that if a SUbstanceor preparation i; found to

- .

www.webofpharma.com



, . J\pparatus and
procedures

2022 General Notices 11-23

comply witha requirement using an interchangeable method from one of
these pharmacopoeias it complies With the requirements of the European
Pharmacopoeia. In the event ofdoubt or dispute, the text of the European

" Pharmacopoeia is alone, authoritative.', '

.References 'to ,Monographs and general chapters may contain references to documents
regulatory.~ issued by regulatory authorities form~dicines, for example directives and ,
documents notes forguidance of the European Union. These references are provided

'for information for users for 'tjle Phimriacopoeia. Inclusion of such a "
'reference does not modify the status of the .documents referred to, which
may be mandatory or for' guidance,

1.2. OTHER PROVISIONS APPLYING TO GENERAL
CHAPTERS AND MONOGRAPHS

Qua~!ities_,In tests with n11lp~ricll.l.lil1:'itsalld assays, the quantity stated to be taken for
examinatiori is approximate. The amount actually used, which may deviate'
by not more than 10 per cent from that stated, is'accurately weighed or '

, measured aria the result iscaiculated from this exact quantity. III tests.
where the iiinit is not numerical, but usually depends upon comparison'
with the beha.viourof a' refei~nc~sJlbstanceiIi the same conditions, the
stated quantity is taken for examinatiori. Reagents are used in the " '
prescribed amounts.

Quantities are weighed ormeasured With an accuracy commensurate-with­
the indicated degree of precision. 1'Jjr weighings, the precision corresponds
to plus or minus 5 unitsafter the last, figure stated (for example, 0.25 g is to

.be interpreted as 0.245 g~toO.255 g):,Forthe measurementofvoluines; if •
, _the figure after the decimaljJointis...~.zero,or ends. in.a "e1'O__(fo1' exainple, _,~,

10.0 mL or 0.50 inL)~ the 'volume is measured using a pipette, a volumetric
flask or a' burette, as appropriate; otherwise, a -graduated measuring cylinder

"or a graduated pipette may:be'used. Volumes staiedin microlitres are
measured using a micropipette or micr'osynnge. " , .
, It is recpgnised, howevef,th.atID,cerrak cases the precision with which
quantities are stated does'nbicorrespond to 1he number of significant'
figures stated ina specified -Qiuneiical limit. The weighing'; and
measuremenrsare,then cagie~(outjvitha sufficiently irnptovedaccllrllCY.,

;VQltimetrii: gla'ssware complies'With:Class A requirements of-the appropriate
International. Standard issued by the International Organisation for ,
Standardisation.

Unless otherwise prescribed,' analytical procedures are carried out ata
temperature betWeen 15 "c and2S"C. ,',' ' . "

Unless otherwise prescribed, comparative tests are carried out using
identical tubes of colourless;:irarispareni: neutral glass with a flat base; the,

, volumes of liquid prescribed-are for use with tubes having-an internal
diameter of i 6 mm, but'-tUIles.wifu'a,larger internal diameter may be used

" provided the volume of liquid used is adjusted (2.1.5). Equal volumes of
the liquids to be compared are examined down the vertical axis of the rubes
against a white background, or if necessary against a blacl,{ background. The
examination is carried o';'t in diffuse light. , . ' '
, Any solvent required iit-;·test or assaY-in which an indicator is to be used

is previously neutralised to'th~'indicatot,unless a blank test is prescribed.. '
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Water-bath

Dryhlg and ignition
to constant mass

2022

~ The term 'water-bath' means a bath of boiling water unless water at
another temperature is indicated. Other methods of heating may be
substituted provided the temperature is near to but not higher than 100°C
or the indicated temperature:

The terms 'dried to c~nstantmass' and 'ignited to constant mass' mean
that 2 consecutive-wetghhlgs do not differ bymore than 0.5 mg, the 2nd

weighing following an 'additional period of drying or of ignition respectively
appropriate to the nature and quantity of the residue.

Where drying is prescribed using one of the expressions 'in a desiccator'
or 'in vacuo', it is carried-out using the conditions described in 'chapter
2.2.32. Loss on drying.

Reagents ~ The proper conduct ofthe analytical procedures described in the
__~_PhaITQacopoeia a1!(Lthe~reliabilitLo(the results depend, in part, upon the

quality of the reagents used. The reagents are described in generajchapter
~ -4; It is assumed that r~agents of analytical grade are used; for some ~

reagents, te~tstood~terminesuitabiJity are inc1uded- in-the specifications.

,
}

Solvents
. - -- - - -, - - - -' . --

Where~the~name of the 'solvent is not stated, the-term 'solution' implies a­
solution: in water,

Where the use. of waterIs specifiedor implied in the analytical
procedures described in the Pharmacopoeia, or for the preparation of ~
reagents, water complymg with the requirements of the monograph Purified
-walir (0008)is~used, except that for many purposes the r<:qriiremeiits for
bacterial endotoxins-(Eun'fted Water in bulk) and microbial~contiunination: ~~
(Punjied-waur in conltimilrs) are not relevant.~:Theterm 'distilled water' --
indicates purified wate{prepared by distillation. ~ _~ ~

The tenti 'ethahol'\\'ithout qualification meimsanhydrous ethanol. The
term 'alcohol' without qualification means ethafiOl (96 percent). Other:
dilutions ofethanol are-indicated by the.term 'ethanol' or 'alcohol' followed
by a- statement ~of the per'centage by volume of ethanol (C2H60 ) -required.

- __, -, - -.,- __; - - - -', -" - -,' - co
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of products varying not only in the properties of the principal constituent
but also in the additives used. The test methods and limits.for materials
depend on the formulation and are therefore applicable only for materials
whose formulation is c<?vered by the preamble to the specification. The use
of materials with different formulations, and the-test methods and limits
applied' to them, are subject. to agreement-by the competent' authority.

. The specifications for containers'ingeneral chapter 3.2 nave'been .. .
developed for general application tocontainers ofthe .stated category, but.in :
view of the wide variety of containers available and possible new

_developments, the publication of a specification does not exclude theuse, in
justified circumstances, of containers that comply with other specifications,
subject to agreement by the competent authority,

Reference may be made within the monographs of the Pharmacopoeia to
the definitions and specifications for containers provided in chapter 3.2.
Containers. The general monographs for pharmaceutical dosage forms may,
undertheheading Dcfinition/Productionyrequire the use of certain types of -

· container; certain other monographs may, Under the heading Storage, ,
indicate the, type of container that iuecommended f~r use. .

104. MONOGRAJ>HS

Titles Monograph titles are in English and French-in the respective versions and
, there is a Latin subtitle. . .

R'-elative Atomic The relative atomic mass (A,) 'or the relative molecular mass (M,) is shown, ' .
And Molecular as and where aPPtopn.ate, at the begirirtingof each monograph. The relatiye"­

.~ Masses atomic and molecularmasses and themoieeular and graphi(J-[ormulaedo "
· not C:onstitiIte analyti':'~1 cStlilld,mls f9r thesiIb~tancesde-scrIl:lea. ~' .. '~ c.

Chemical Abstracts
Servkec(CAS)

• - Registry NJUJ1ller

Definition

. Production

CAS re!listry numbers are included fOf Worm-ation in monographs, where' . ~ c' "

applicable, to provide convenient accesstj}'·usefiil iriforination fOr users,
CAS Registry Number® is a registered trademark of the American .
'qhemi~al Society, - , - -'-

· St~terr;ents under the heading Definitionco~stituteanofficial.definition bL ~
the substance, prepatlitionor other artitlethat is the subject of the. . . ' .
monogrltph. ~. ~ .

Limits ojcontent: Where limits of contentare prescribed, they are . _
those determined by the method descrih~d under Assay.

.Her.bal drugs'-,In monographs on herbal drugs, the definition indicates
whether the subject of the monograph is, for example, the whole drug or
the <frog in. powdered form. Where 3!jlollograpn applies to the drug in
several states, for example both to the whole drug and the drug in

· powdered form, the definition states this.: ' ~.

Statements under the heading Production"dia~ attention to particular,
aspects of the manufacturing 'process butare not necessarily colnprehensive-.
They constitute mandatory requirements- fof manufacturers, unless
otherwise stated. They may relate, for example, to source materials;to the

· manufacturing process itself and its validation and control; to in-process
testing; or to testing that is to be carried out by the manUfacturer on the"
final article, either on selected batches ,or on each batch prior to release.
These statements cannot necessarily be:vetified on a sample of the final
article by an independent analyst. "The, competent authority may establish
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that the instructions have been followed, for example, by examination of
data received from the manufacrurer, by inspection of manufacture or by
testing appropriate samples.

The 'absence of a Production section does not imply that attention to
. features such as those referred to above is not required ..

Choice of vaccine strain, Choice ofvaccine composition The
Production section of a monograph may define the characteristics of a .
vaccine srrainer vaccine composition. 'Unlessotherwise stated, test methods

'givenfor verification of these characteristics are provided for information as
examples of suitable metliods. Subject to approval by the competent
authority, other test methods may be used without validation against the
method shownin the monograph.

I,

Potential Due to the increasing number Offraudulent activities and cases of
_ Adulteration_ .udulteration, information maybe made available to Ph. Eur. users to help

detect adulterated~aterials (i.e. activesubstances, excipients;'iriieimediaie, .
products, bulkproducts and finished products). .
'. To this purpose, a method for thedetection'of potential adulterants and __

relevant limits; together with a reminder that all stages of production and'
sourcing are subjected to a suitable quality system, may be.included in this
section of monographs on substances for which an incident 'has occurred of- '
that present a risk of deliberate contamination. The freguency of testing by
manufacturersor by users (e.g..manufacturers ofintermediateproducts,
bulk products and finished products, where relevant) depends on a risk
assessment, taking into a-ccount the' level of knowledge of the whole s\lpply, .
chain and natlot\arrequirements.' _ c:-

Thissection,constirutesrequirementsfor the whole.supply chain, from
. manufacturers to users (e.g. ll1an]1facturern of int~mlediaie'products, bulk
products andfinished productsj-where relevant). The absence of this section
doesnot.imply that attention to features such asthose referred to above is
not required. . -- .

Characters The st~tementsunderthe headingCharacters are riot to be futerPreted in a
strict sense and-are nor requirements. . . . -- _

Soiubility In statements.of solubility inthe Characters 'section, the
terms usedhave the following significance, referred to a temperature
between 15 0(; and 25 °C. - -- --

Descriptive term

Verysoluble

Freely solubf~,
Soluble "

Sp~g1y soiuble

Slightly soluble

Very,slightly soluble

Practically insoluble

Apprmdmate volume of solvent in millilitres
per gram of solute .

lessthan 1

from. 1 to. 10
from'

,

10 to' 30

from 30 ·to -- 100
. from 100 to : 1000

from 1000 to 10000

more than 10 000

The te~ 'partly soluble' is used to describe a mixture wheie only some -- .
of the components dissolve. 'The term 'miscible' is used to describe a liquid
that is miscible in all proportions with the stated solvent. .

~ --"--
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Scope The tests given in the Identification section are not designed to
.give a full confirmation of the chemical structure or composition of the

~ product; they are intended to give confirmation, with an acceptable degree
of assurance, that the article conforms to the description on the label.

First and second identifications Certain monographs have
subdivisionsentitled 'First identification' and 'Second identification'. The
.test or tests that constitute the 'First identification' may be used in all
circumstances. The test or tests-that constitute the 'Second identification'

-maybe used in pharmacies provided it can be demonstrated that the
substance or preparation is fully traceable ~to a batch certified to comply
with all the other requirements ofthe monograph,

Certain monographsgive two or more sets.of tests for the purpose of the
first identification, which are equivalent and may be used independently,
One or more of these sets usually contain a cross-reference to a test
prescribed in the Tests Section of the monograph, It may be USed to

~ simplify thework .of the analyst carrying out the identification and the ~

prescribed tests. For example, one identification set cross-refers to a test for
enantiomeric puritywhile the other set gives a test for specific optical
rotation: the intended piIrP~se of the two is the same, that is, verification
that the correct enantiomeris present. -
'Powderedherb~ld1'Ugs Monographs on herbal drugs may contain ~

schematic drawings of the powdered drug, These drawings complement the
description given in the relevant-identification test. ~ ~

Tests And Assays ScQP"~_ The, requirements-are not framed to take account of all possible
, i~purities.-It is,not t~ b~ presumed, for example; mat an nr;pUrliy that is
_ not dete<;!I1ble by means _of the prescribed tests is tolerated if common sense"

arid good pharmaceutical praerice require that ~it be absent. See also below. ~
~ under IQlpurities. ~ ~ ~. _ - ~ - ~ -- .

~ . Calculation Where the result of a test or assay is required to be
calculated with reference to tlie-dried or anhydrous substance or on some ~ ~

other specified·basis, the derermlnarlori of loss on drying, water ~content or
~ other property is c~ITiedout by the method prescribed in the relevant test
- inthe monograph. The words 'dried substance' or 'anhydrous substance' - ~

_~etc. _appear inpare-ntheses after the result.Where- a quantitative
--determination-of inesiduaL solvent is carried out and a test for loss on
~d!'Ying is not carriedout, the content of residual solvent is taken into
account for the calculation of the assay content of the substance, the
specific optical rotation and the specific absorbance: No further indication is
given in the specific monograph, ~ .: ~ ~

Limits The limits prescribed are based on data obtained in normal-_
~ analytical practice; they take account of normal analytical errors, of -
- acceptable variations in manufacture and compounding and of deterioration ­

to an extent considered acceptable, No further-tolerances are to be applied
to the limits prescribed to determine.whether the article being examined

~ complies with the requirements ofthe~monograph, ~ --
In determining compliance with a numerical limit, the calculated result of

a test or assay is first rounded to the number of significant figures stated,
unless otherwise prescribed. TIle lirtiits, regardless of whether the values are

~ expressed as percentages or as absolute value~, are considered significant-to". __c.

the last digit shown (for example 140 indicates 3 significant figures). The
last figure of the result is increased by one when the part rejected is equal to

- -,.'
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I,

or exceeds one half-unit, whereas it is not modified when the part rejected
is less than a half-unit.

Indication ofpermitted limit of impurities - The acceptance criteria
for related substances are expressed in monographs either in terms of
'comparison of peak areas .(comparative tests) or as numerical values. For
comparative tests, the approximate content of impurity tolerated; or the
sum of impurities, may be indicated in brackets for information only.
Acceptance or rejection .is determined'on the basis of compliance or non­
compliance with the stated'test. If the use of a reference substance for me'
named impurity-is not prescribed, this content may be expressed as a .

. _ nominal concentration of the substance usedto prepare the reference
solution specified in the monograph, unless otherwise described. ­

Herbal Drugs For herbal drugs, the sulfated ash, total ash, water­
soluble matter, alcohol-soluble matter, water content, content of essential
oiland content of active principle are calculated with reference to the drug

. that hasnot been specially ciiied,unless othen\iis-ipre-scribed in-the ..
monograph:' . - '- .
- Equivalents - Where an equivalent is givei, for the purposes Qfthe

Pharmacopoeia only thefigures shown are to beused in ~pplying the -
requirements of the monograph. _' .'

l;ultu-re media' The culture media described in monographs and
· general chapters have been found to be satisfactory for the intended

purpose. However, the" components ofmedia, particularly those of .
biological origin, are of variable quality, and jt-may be necessary for optimal
performaricetojnodulate the concentration' ofsome ingredients, notably:

_- . pepionesand meat or yeast extracts, with_respect to-tlieir nutritive
, propei1:.ie~;.. . ".

- -bUffering substances; .

. , -' 6ilesalts,"bile extract, de-oxycholate, and colouring matter, depending­
on their selective properties;

'----: antibiotics; with respectto their activity~ »:

',_.'. c, :'- _~_ .', -' , _ ,." .' -, ~ -':---"-' _ '-. __ ,' =~

- Storage The information and recoinmendations given under the heading Storagedo
· not constitute a pharm.acopoeial requirement' but the competent authoritY­
may specify particular storage conditions that must be met. .' ..

The articles described in the Pharmacopoeia are stored in such a way as
to prevent contamlIiation-and,:as far as possible;'deterioration. Where'
special coqditions:ofstorage arerecommendeo,jncluding the_type of
contamet·(see section 1.3: General chapters) andlimits oftemperature, they

- . are stated in the monograph. --'
· The following expressionsare used in mo~ographs under Storage 'with
the meaning shown, - ','., :. . .

. .' In an ai-rtight ';ontat'ner .Means that ilieproducds s~(Jred in an
airtight- container (3. 2). Care is to be taken when the container is opened in .
a damp atmosphere. A low moisture content may be-maintained, if
necessarj;by the use.of a desiccant in the container'provided that direct
contact with-the product is avoided..' . . -
_ Protectedfrom light Means that the product is stored either in a

.-container made of a material that.absorbs actinic light sufficiently to protect
· the contentsfrom change induced by such light, or in a container enclosed
in an outer cover that provides such protection, Of is stored in a placefrom­
which all such light is excluded.
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Labelling In general, labelling of medicines is subject .to supranational and national
regulation and to international agreements. The.statements under the '
heading Labelling are not therefore comprehensive and, moreover, for the
purposes of thePharmacopoeiaonly those statements that are necessary to
demonstrate compliance or non-compliance with the monograph are
mandatory. Any O1:herlabellingstatementsare included as
recommendations; When thetermllabel'<is used ill the Pharmacopoeia, the
labelling statements may appear on the container, the package, a leaflet '
accompanying the package; or a certificate of analysisaccompanying the
article, as decided by the competent authority.

Warnings Materials described in monographs and reagents specified for use in the'
Pharmacopoeia may be injurious to health unless adequate precautions are
taken. The principles of good quality control laboratory practice and the
provisions of any appropriate regulations are to.be 6bsen.ed.at all times.
Attention is dra\vn to particUlar hazards in certain monographs by means' of '
a warning statement; absence of such a statement is not to be taken to
mean that no /faiard exists.

Impurities A list of aU known and potential impurities that have been shown to be,
detected by the tests in.a monograph may be given. See-also chapter5.1O.

. Control of impurities in substances for pharmaceutical use. The impurities are
designated, by a-letter or letters of the alphabet. Where a letter appears to be
missing, thee impurity designated by this letter has been deleted from the list
during monograph development prior, to publication Of durin!:.monograph
revision. , '

j
, I, Fwiction~ty"" Monographs on-excipientsmay have ,3 secrion on ~cti9nality-related

, .' related characteristics. The cliar~cteristics,any test methods for ,detertnination and
Characteristics of any tolerances are not mandatory requirements; they may 'neveItheless be

, .. Excipients relevant for use'ofth.eexcipient-and are gi....en for information (see also
section 1.1. General statements).

Reference
Standards

Certain monographs requiretne use of reference standards (cherpicill
reference s1.Ibsrances, herbal ieferencestandards, biological reference " '
preparations, reference spectra). See also chapter 5.12., Reference standards.
The European Pharmacopoeia'Commission establishes' the official reference
standards, which.are alone authofitative in case of arbitration, These

, reference srandardsare available from the European Directorate for the
. Qualiry of Medicines & HealthCare (EDQM). Information on the available
reference standaids and a batch validity statement can be obt.ilined via the
EDQM website. .

-, ' ' ','.

! " '- . . .___ ,~ __L-'__'-,
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L5.-ABBREVIATIONSANI) SYMBOLS

A

A::''al'-
A,
[all:

l>p

~BRP

CRS
~~ 4:1
x
HRS

IU

M

M,

Absorbance

Specific abso~bance

Relative atomic mass

Specific optical rotation­

_Boiling point

-Biologi~l ~-f~Ii:~ _~R:p~ratiori:

_Chemical reference substance

--~e1_ative density

Wavelengm

Herbal refererice.swndard

International Unit

~Molarlty ~ ~

~elative-molecular mass

mp

Ph. Eur. U.

ppb

ppm.

R

Rp

R"

RV

Meltingpoint

Refractive index _

European Phai1n;icop6da Unit -
.Pattsper billion(mkrogram~ perkilogram)

Paris p,er'mQlitm (milligrams perkilogram)

Substance or solution defined under 4,. Reagents

Retardation'factor (see chapter 2.2.46)

Used in-chromatographyto indicate tile ratio of
me distance travelledby a substance tc.the
di~~ance-traveiJed by a refereace substance
Substance used as a primary standard in
volumetric analysis (chapter 4.i.l)

- -- - -

Abbreviations used in. the monographs.on 1mmunoglobulins, immunosera arid vaccines

The,mrgesfqu~.ti~'~rato:mdh~t:'inthe: ". _
conditions cfthe test) wheJ;l niixed wi!il.'Q.l,IU
ofantitoxin arid a'dliwliStered .by die specified
fQute, does nor- ca~,e .Symptoms-of toxicity in
the rest animals within a giVC!1 period

The,quantitY:of toxin or tQxoi.d that flOCcUia'tes.
in the shortespime 'Yith 1 IU of-antitoxin -

_The_ stati~ti'qfuy detenniIje4 ~glm-~1iry- of $1s
that'inaX:~,'eXp~t~·tP'infect 5Qper:cenr.of
the-cell cUltureS :to'whieb if is·a<fde.d

',The,s~ti~ticaJlY:de.-t~~ed' qU~jiti.tY,:ofVi!us_­
:that~ay be.~xpe'qed"_~<i infect 5.0, pee'cent of
the fertilised .~,ini:o .which 'i(iS,inoculated

The, statJsticiuIY~'d~,~e<t 'qUantity,ora ~s
that-·may be exr>ecre.d to,infect. 50 ~ocent of

. the animals into.Which it ~s iI!o~ulated -

- ~The sra'tlstiCa,Uyc'detdmine~ ~~. ~f a vaccine:
,that, in the ~ol\djticin3·.of the~tesfJ D1~Y ,be-.

' "exPected,to p~.te~.50-:-per ~n~ ofthe, animals
- - -against a diatleP8e'dooe of tile. riri~r6"Organisn1S; -

0[. toxins'aga.inst,:wh!Chit isacl:iv.e " ,

The '~l3-rls~~I~ d~:tennined d~e,ofa vaccine ­
that) in .th,e c()I1ditiOils. of the teSt)..may.be '- .,

-" espected.ro in~uce' ,pecific antibridies in 50 per
cenr or'ilie a'niJ::n31i for.the relevant vaccine
antigens - --- -

P~ck-fonning Units' ~i--plaqi:.te-fotming'units
Specified-pathogen'f(ee ~

LOIIO dose

Ll dcse

PFU
SPF

~ CCID,.

~'~- ,

ColonY~fomi4tg'bOits
'The,S[8tisti~y 'det.~e(fquantity,:Qf';
substance that; when :aqmiii.i~Jered'by the ,
specified route, mayJje'expected to cause the
'death of'So- per cent':of die tesfanirriats.witW~a~en pedod - .

Minimum lethal dose -

The'~sniafi~~~a!ltity;;ota to:x;in that, -in,the"
conditi0lls -tif the~t~~-j\'lien,-IDiX_ed:Wiili __ O.]" -ru
of antitoxin:and adtriiiiliteredby,the specified.
route, camesjhe.-dead{of lbe test animals ---
withiri-a given p"eriod'--.'..2. '-'_

-"The)~iIest -qU~d~1~fa-_t~X1n__diatj_~ 'die'
_-'c~:mdjtiolts:oi the ,~~;~~l;l(:Q Rl.ixed with-'l:,Jp--~f -- _IDj o

3,Dtftoxln and aduiiniSrerea 'bY_~e .speCifie<f - ,
route,causes the deaih.',.olthe:.test anim:iIs
wiilii!f,a:.gwen-perlo<J>:: :L_:" - -.'.
-ihe--;pi~ues_t q~anrlt~irit~; 'to~in thatJ-.in;-th~
c9ftdijjol)S, aCme teslJ.when-tniied_with O~o1
J(J of anti[OXiIi and injetted' ulttaeut8I1eously,causes 3.'chanl.eterisUc-reaction ttt Jl1ecsire of -,
-mje;ction' ~rlikL a_givefl_~riod _ -

-- _-~~ smaUest.quantity:Qf roxln that; in'the
'conditionS ~f:ilie_,test, when~ed wi~p.l:IU
,ofantitoxin-and admIDist~red py the·'sPed1ie4
rouie, causesPai8lysis'hJ.~lhe t~:anim3ls~Within-

,'3 givenperiod _ _ -

CPU

MID

L+/1Odose

L+ dose

~LplIO dose

~ IrilOO dose ~

.. ~
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ATCC

C.I.P.

r.r,

. NCIMB

NCPF

American Type Culture CoUecri~ri

10801 University Boulevard

Ma~ass:is>Virginia 201io-229~~l.!SA-~~

Collection de Bacteriesde')'!nstitu't'Paste\ir,­

B.P: '52, 25 rue du D6<:t'eur Roux

75724.fans Cedex '15; Fcance~

: Intematio-nal Mycological Ins~ni.te

Bakeham Lane ~ _,_: ~
Surrey TW20 91'\', Great Britain ~

Colleetion-Natio~alede Cultuie de
Microcrgenismes (C.N.C.M.)

Institut Pasteur

25, rue duDocreur Rou.~" _
75724 Paris Cedex 15~ -Prance "
National.Collection ofJn,!us~al_anaMarin,e
Bacteria-Ltd

23 Sf Machai Drive

A~rde~~'AB2'--lRY.- Great--Brita,~ =
National-Colle~tion-=-of PQthogeD.ic-:FujIgt­

London S-~ho~lofHygiene-andTropical
Medicine -

Keppel Street

_London wcut7IIT, Gre~_t Britain

NOTC

_NCYC

NITE

S.S.I.

National Collection of Type Cultures

Centr~l Public Heallh Laboratory­

Colindate Avenue

Lo~don Nw9 SHrI Great Brifalri

Nati~nal Collection of Yeast CUltures

AFRC Food Research Institute

Colney Lane

_ Norwich NR4 7UA, Great Britain -_

Biological Resource Center

Department of Biotechnology.

National Institute of Technology and
Evaluation

2-5~8 Kazusakamatari, Kisarazu-shi, Chiba;
292-0818

Japan

Statens Serum Instittit--

80.AI1iager Boulevard, Cop~ageit,1j~arK·

•
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1.6. UNITS OF THE INTERNATIONAL SYSTEM (SI) USED IN
THE PHARMACOPOEIA AND.EQUIVALENCE WITH
OTHER UNITS

International
System Of Units '

(SI)

The International, System 'of Units comprisesz.main classes of units,
namely base units and derived units'. The base~its are .the metre, the
kilogram, thesecond, the ampere, the kelvin, the mole and the candela.

The derived units are formed as p-roducts orpowers of the base units'
according to the algebraic relationships linking the corresponding quantities:
Some of these derived units have special names and symbols, The

, derived units used in-the Pharmacopoeia are shown in Table 1.6.-1.
Some important and widely used units outsid~ the International System

are shown in Table 1.6.-2. " , , , - ,
The prefixes shown ill Table 1.6.-3 'are used to form the names and

symbols of the decimal multiples and submultiplesof SI units.

,Symbol

'UnI, -

c
_Symbol _-- E.xp-ressloll_

- in SI base
units

-

, ,

E_~kesslon in
other 81 uhits

- - .

Conversion of other umts into 81
uriits

. , --.
-:::1

-

I

- . ' -

~

.

, ,"

I dyne =l'g,cm,'-" =10'" N _

I kp = 9.806 65 N

1 dYn~C~2-=-lO~1 p~ =~10-I-N.m-~

L'atm = 101 325 Pa = 101.32HPa
I bar = 10' Pa =.0.1 MPa '_' ~c

- .

:1 mm Hg = 133.322 3117 Pa

I Torr = 133.322 368 Pa - -, _

I-poi = 6.894 757 kPa ~

, , , , , -

I P = 10-1 Pa" = 10-' N",m-"

lcP;;::JmPa·s -

.

N~m-2
--
-

, - -

- -
-,

-
- c' .

-

N,soin'---2:

, :, - - '

- -, ,

" ..

1!l'~'S-2

m' '

N

mI,

Hz

kg/m'

- newton

,

cubic metre
-

hertz

kilogram pet
, cubicmetre

micrometre

-_-nap~Jile~e

, -

square' mene: -

,' -'metre per -
- second"

" one- per metre-

v

I F
i -

'A,S

Force

VoJum¢

Pressure) stress- P pascal - Pa

'-
c

t . - -

-

Dynamic q pascal second -: Pa·s
viscosity':" _

-
Kinematic v square metre m2/s

yi~oosity per second

" ,

Frequency. ,',. ",:_'1_

,

~DensitY,

Velocity; spe~d

,

1------+--+----+---+--=-'--:----1---'----+--'----~--~"--\

-, Wave_number --

Wavelength

'I-----+--'---+-~-__+~~-+---,--__+--c--_c+,,___--~-__,_-'---__\

. . .

1 The defirririmu o/the unilS used in thelmemaiional System aregiven,in diebookkt',fb"Syste'me Intemaiional'd'Unitis (Sl)', 'published. by me
ButeouImernnri(Jfial des PoiJs et IWesures, ,Po1JiJl(YfJ de Brer.eur7. F-923JO Siutes. -

- ~:"',,-'
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Quantity Unit

Name Syinbol Name Symbol Expression
in SI base

units

Energy- Il7 joule J ._ in2
..kg.s-2

-

"Conversion of other units into 81
Expression in unlts
~ther SI units

.1 ~rg:::;.1 cm2·g_s-2 ='1 dyne-ern =
10-7 r --
I-caf = 4~1868J

Power;
radiant flux

Absorbed dQse ­
_ (of radiant

energy)

P W;Jtt W m2.~.s-3 - N·EiH-t

J -I-s

D . gray Gy m2·s-2 _ . j-kg-I

1,ergls = Ldyne.cm.s" ;::'

io-7 W-=_lO-7Nm-s" = 10-7}(I

1 rad = IO-'Gy'

Electric
potential

difference,
voltage

u volt v

Electric
-resistance

Electric charge

Activity
referred to a
cadio;'uclide

R ohm Jl --in~.~~.'s.-3;A~2" v·A-'

Q coulomb - C -A:s-,

A .becquerel Bq", .-J 1 Ci = 37·10' Bq = 37-10'.-[

I ;;;ollL = 1 M =-1 mol/dol' ,; 10'
'moFtn~-- ~ -

c __ ---='

kilogram. per--- <~mj- __
cubic me~ ~:'

_'--~_ '~m6le -pe~ _'_,'
~: e:tibi~ metr~f

MasS:
'-~oncentratiO:i1' ,

_-ConCeiitratioQ
(of amount of -­

substance),
'-;-;inoIar

concentration

"

j

COtalytic
actiVi~

z =-kat -

------'"--'=, ~ -----~
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Table 1.6.-2. - NQII-Sf uniti acceptR.dfor use with the Sf units

Value In SI units

-I' = (Jd181l) tad

I d = 24 h = 86 400 s

I h = 60 min "3600 s-- --

d

h

L

. - ,-

eV - leV=1.602176634 x Io"'T

min

1 r > 10' kg

'Da - : I'Da = 1.660539040(20)J ,10-27 kg

Symbol

Quantity Unit

Name

TUne- minute _

hour _

day

PI!!Ile angle degree

volume -'- litre

- Mess tonne

dalton
,

:RotationaJ revolution-

~

frequency 'c-, - __p~ minute

_Energy elecuonvoir

Table I 6 -3 .; Dedmalmultiplesand suo-multiples of Sf unusr
-

..
-

Factor-- Prefix Symbol "Pactor Prefix: SYmbol
" '

, I , I '
1-,,.- I', .; 10.8

" ' exa - - il
i

10-1 C ' deci : d, '
, I ," , - "

: 10" -
pe~~a

" '
p - - Uj-2 ' ,

centi c

"

- 1pl2:
,--' ~" -

, ,T 1!l?
-

milli
-

, -tera -' "

r m

'10'
'" "

r '

' , - . "

glga G .. , IO-~, , micro ~ ,

I
106

_ I 10~
,

:
.:

_ID~ga 'cM '- -

nano,.---,-- , - .n
,

.. '

10'
- - " '

-
- _ kilo,. ' k 10-u pico-._ p

I , ,

, ' , "- ' --h- , 'joC',
- , ---

- .l02 , , -heclo-' , ,_fitriio f
'" -'" -

-

-, 10' '
- , .. ,"

-
-

-.deca da 10-18 ano - a

, -

J

- '.' -

',. ------'.:
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Notes . L In (he Pharmacopoeia, the Celsius temperarure is used (symbol t). This is
defined by tile following equation:

whereTo = 273.15 K by definition: The Celsius or centigrade. _
temperature is expressed in degrees Celsius (symboIOC),_The unit.

____ ~. 'degree Celsius' is equal to the unit 'kelvin'. . . -.. .

2. The practical expressions of concentrations used ill the Pharmacopoeia are .
~:delined in the General Notices.· . . .

- 3. .The radian is the plane angle between two radii of a circle that cut off on
the ·cirCumference an arc equal in length to the radius. -

4. In the Pharmacopoeia, conditions of centrifugation are defined by
. reference-to the acceleration due to gravity (g):

g = 9.806 65 m·'-'

·.5. Certaitl quantities without dimensions are used in the Pharmacopoeia:
relative density (2.2.s}, absorbance (2.2.25), specific absorbance (2.2:25) and.
rdriicpveiI!dex(2,2,65. . - .

.6. The microkatal is defined as the e~mic activity that, urider defined
conditions, produces the -rransfonnation (e.g, hydrolysis) of 1 micromole of
the substrate per second.

=- -, -

'--' - --=-_. -
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PRODUCTION
Substances for phannaceutical use are manufactured by
procedures that are designed to ensure a consistent quality
and comply with the requirements of the individual
monograph or approved specification.

DEFINITION
Substances for pharmaceutical use are any organic or
inorganic substances that are used as active substances or
excipients for the production of medicinal products for
human or veterinary use. They may be obtained from natural
sources or produced by extraction from raw materials,
fermentation or synthesis.

This general monograph does not apply to herbal drugs,
herbal drugs for homoeopathic preparations, herbal drug
preparations, herbal drug extracts, or mother tinctures for
homoeopathlc preparations, which are the subject of separate
general monographs (Herbaldrugs (1433), Herbal drugs for
homoeopathic preparations (2045), Herbal drug
preparations (1434), Herbal drug extracts (0765), Mother
tinctures for homoeoposhic preparations (2029). It does not
apply to raw materials for homoeopathic preparations, except
where there is an individual monograph for the substance in
the non-homoeopathic part of the Pharmacopoeia.

This monograph does not apply to chemical precursors for
radiopharmaceutical preparations which are the subject of a
separate monograph (Chemical precunors for
radiopharmaceUlkal preparations (2902).

Where a substance for pharmaceutical use not described in
an individual monograph of the Pharmacopoeia is used in a
medicinal product prepared for the special needs of
individual patients, the need for compliance with the present
general monograph is decided in the light of a risk
assessment that takes account of the available quality of the
substance and its intended use.

Where medicinal products are manufactured using
substances for pharmaceutical use of human or animal origin,
the requirements of chapter 5.1.7. Viralsafetyapply.

Substances for pharmaceutical use may be used as such or as
starting materials for subsequent formulation to prepare
medicinal products. Depending on the formulation, certain
substances may be used either as active substances or as
excipients. Solid substances may be compacted, coated,
granulated, powdered to a certain fineness, or processed in
other ways. A monograph is applicable to a substance
processed with an excipient only where such processing is
mentioned in the definition section of the monograph.

Substance for pharmaceutical use of special grade Unless
otherwise indicated or restricted in the individual
monographs, a substance for pharmaceutical use is intended
for human and veterinary use, and is of appropriate quality
for the manufacture of all dosage forms in which it can be
used.

Palymorphism Individual monographs do not usually specifY
crystalline or amorphous forms, unless bioavailability is
affected. All forms of a substance for pharmaceutical use
comply with the requirements of the monograph, unless
otherwise indicated.

2022

Substances for Pharmaceutical
Use
(ph. Eur. monograph 2034)

**** ** ** ****

General Monographs II-39

The manufacture of active substances must take place under
conditions of good manufacturing practice.

The provisions of general chapter 5.10 apply to the control of
impurities in substances for pharmaceutical use.

Whether or not it is specifically stated in the individual
monograph that the substance for pharmaceutical use:
- is a recombinant protein or another substance obtained as

a direct gene product based on genetic modification,
where applicable) the substance also complies with the
requirements of the general monograph Products of
recombinant DNA "u;hnology (0784);

- is obtained from animals susceptible to transmissible
spongiform encephalopathies other than by experimental
challenge, where applicable, the substance also complies
with the requirements of the general monograph Products
wlih riskof transmitting agents of animalspongiform
encephalopathies (1483);

- is a substance derived from a fermentation process,
whether or not the micro-organisms involved are modified
by traditional procedures or recombinant DNA (rDNA)
technology, where applicable, the substance also complies
with the requirements of the general monograph Products
offermentation (1468).

If solvents are used during production, they are of suitable
quality. In addition, their toxicity and their residual level are
taken into consideration (5.4). If water is used during
production) it is of suitable quality.

The identity of elemental impurities derived from
intentionally added catalysts and reagents is known, and
strategies for controlling them should be established using the
principles of risk management.

If substances are produced or processed to yield a certain
form or grade, that specific fonn or grade of the substance
complies with the requirements of the monograph. Certain
functionality-related tests may be described to control
properties that may influence the suitability of the substance
and subsequently the properties of dosage fonns prepared
from it.
Powdered substances May be processed to obtain a certain
degree of fineness (2.9.35).

Compacted substances Are processed to increase the particle
size or to obtain particles of a specific fonn and/or to obtain
a substance with a higher bulk density.

Coated aaioe substances Consist of particles of the active
substance coated with one or more suitable excipients.

Granulated active substances Are particles of a specified size
and/or fonn produced from the active substance by
granulation directly or with one or more suitable excipients.

If substances are processed with exclpienrs, these excipients
comply with the requirements of me relevant monograph or,
where no such monograph exists, the approved specification.

Where active substances have been processed with excipients
to produce, for example, coated or granulated substances, the
processing is carried out. under conditions of good
manufacturing practice and the processed. substances are
regarded as intermediates in the manufacture of a medicinal
product.

CHARACTERS
The statements under the heading Characters
(e.g, statements about the solubility or a decomposition
point) are not to be interpreted in a strict sense and are not
requirements. They are given for information.

Where a substance may show polymorphism, this may be
stated under Characters in order to draw this to the attention

www.webofpharma.com



II-40 General Monographs 2022

Table 2034.-1. - Reporting, identijicao'on and qualijication of
organk impun'lies in active substances

Table 2034.-2. - Reporting, identijication and qualijicauim of
organic impurities in peptid<s obtained by chemical synthesis

Use Maximum Reporting Identification Quallfication
dally threshold threshold threshold
dose

Specific thresholds may be applied for impurities known to
be unusually potent or to produce toxic or unexpected
pharmacological effects.

For DNA reactive impurities) the requirements of ICH
Guideline M7 Assessment and Control of DNA Reactive
(lYlueagenie) Impurities in Pharmaceuticals to Limit Potential
Carcinogenic Risk must be complied with for active substances
to be used in medicinal products for human use, in cases
defined in the scope of the guideline.

If the individual monograph does not provide suitable control
for a new impurity, a suitable test for control must be
developed and included in the specification for the substance.

The requirements above do not apply to biological and
biotechnological products, oligonucleotides, products of
fennentation and semi-synthetic products derived therefrom,
to crude products of animal or plant origin or herbal
products.

Elemental impurities
Permitted daily exposures for elemental impurities
(e.g. as included in the ICH Q3D guideline, the principles of
which are reproduced in general chapter 5.20. Elemental
impurities) apply to the medicinal product. Individual
monographs on substances for pharmaceutical use therefore
do not contain specifications for elemental impurities unless
otherwise prescribed.

Residual solvents
Are limited according to the principles defined in chapter
5.4, using general method 2.4.24 or another suitable method.
Where a quantitative determination of a residual solvent is
carried out and a test for loss on drying is not carried out,
the content of residual solvent is taken into account for
calculation of the assay content of the substance, the specific
optical rotation and the specific absorbance.

MIcrobIological quality
Individual monographs give acceptance criteria for
microbiological quality wherever such control is necessary.
Table 5.1.4.-2. - AC<tjJtan", criteria for microbiolcgical quality of
non-sterile substances for phannaautiuzlusein chapter 5.1.4.
Microbiological quality of non-eerle pharmaauticaJ preparations
and subslanasfor pharmaceutkaJ use gives recorrunendations
on microbiological quality that are of general relevance for
substances subject to microbial contamination. Depending on
the nature of the substance and its intended use, different
acceptance criteria may be justified.

Sterlllty (2.6.1)
If intended for use in the manufacture of sterile dosage fonns
without a further appropriate sterilisation procedure, or if
offered as sterile grade, the substance for pharmaceutical use
complies with the test for sterility.

Bacterial endotoxins (2.6.14)
The substance for pharmaceutical use complies with the test
for bacterial endotoxins if it is labelled as a bacterial
endotoxin-free grade or if it is intended for use in the
manufacture of parenteral preparations or preparations for
irrigation without a further appropriate procedure for the
removal of bacterial endotoxins. The limit, when not
indicated in the individual monograph, is determined in
accordance with the recommendations of general chapter
5.1.10. Guidelines for using the test for bacterial endotoxins.

Pyrogens (2.6.8)
If the test for pyrogens is justified rather than the test for
bacterial endotoxins and if a pyrogen-free grade is offered,
the substance for pharmaceutical use complies with the test
for pyrogens. The limit and test method are stated in the
individual monograph or approved by the competent
authority. Based on appropriate test validation for bacterial

QualiflcatJon
threshold

> 1.0 per cent

Identification
threshold

> 0.5 per cent

Repord.ng:
threshold

> 0.1 per cent

Human use .$; 2 Ffday > 0.05 per > 0.10 per cent > 0.15 per cent
or human cent or a daily intake or a daily intake

ODd of> 1.0mg of> 1.0 mg
veterinary (whichever is (whkhever is

ure the lower) the lower)

Human use > 2 Ffday > 0.03 per > 0.05 per cent > 0.05 per cent
or human cent

ODd
veterinary

we

Veterinary NOl > 0.10 per > 0.20 per cent > 0.50 per cent
use only applicable cent

of the user who may have to take this characteristic into
consideration during formulation of a preparation.

IDENTIFICATION
Where under Identification an individual monograph
contains subdivisions entitled 'First identification' and
'Second identification', the test or tests that constitute the
'First identification' may be used in aU circumstances.
The test or tests that constitute the 'Second identification'
may be used in pharmacies only, provided it can be
demonstrated that the substance or preparation is fully
traceable to a hatch certified to comply with all the other
requirements of the monograph. The implementation of the
tests under the second identification is subject to national
regulation.

Certain monographs give two or more sets of tests for the
purpose of the first identification, which are equivalent and
may be used independently. One or more of these sets
usually contain a cross-reference to a test prescribed in the
Tests section of the monograph. It may be used to simplify
the work of the analyst carrying out the identification and the
prescribed tests. For example, one identification set cross­
refers to a test for enantiomeric purity while the other set
gives a test for specific optical rotation: the intended purpose
of the two is the same, that is, verification that the correct
enantiomer is present.

TESTS
Polymorphism (5.9)
If the nature of a crystalline or amorphous form imposes
restrictions on its use in preparations, the nature of the
specific crystalline or amorphous form is identified, its
morphology is adequately controlled and its identity is stated
on the label.

Related substances
Unless otherwise prescribed or justified and authorised,
organic impurities in active substances are to be reported,
identified wherever possible, and qualified as indicated in
Table 2034.-1 or in Table 2034.-2 for peptides obtained by
chemical synthesis.
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DEFINITION
Josamycin is a macrolide antibiotic obtained by fermentation
using, for example, certain strains of Strepto11fYUS narbonensis
var. josamyceticus var. nova.The main component is
(4R,5S,6S,7R,9R,1 OR, I IE, 13E,1 6R)-4-(acetyloxy)-6-[[3,6­
dideoxy-4-0-[2,6-dideoxy-3-C-methyl-4-0-(3­
methylbutanoyl)-<H-rib<>-hexopyranosyl)-3-(dimethylamino)­
P-D-g1ucopyranosyl)oxy)-10-hydroxy-5-methoxy-9,16­
dimethyl-7-(2-oxoethyl)oxacyclohexadeca-I 1,13-dien-2-one.

Content
Minimum 900 Ph. Bur. UJmg (dried substance).

CHARACTERS
Appearance
White or slightly yellowish powder, slightly hygroscopic.

Solubility
Veryslightly solublein water, freely soluble in methanol and
in methylenechloride,solublein acetone.

IDENTIFICATION
Fint idendfication: A, C.
Second identification: A, B.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 0.10 g in methanol R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 50.0 mL with methow/ R.

Spearal range 220-350 run.

Absorption maximum At 232 nm.

Specific absorbanre at theabsorption maximum 330 to 370.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in 2.5 mL of methaw/ R.
Reference solution (a) Dissolve 10 mg ofjosamycin CRS in
2.5 mL of methanol R.
Reference solution (b) Dissolve 10 mg ofjosamyc;n
propionate CRS in 2.5 mL of methanol R.
Plate TLC silica gelGF", plate R.
Mobile phase methanol R, acetone R, ethylacetate R, toluene R,
hexane R (8:10:20:25:30 VIVIVIVIII).
Applirotion 5 ~L.

Development Over 2/3 of the plate.

2022

endotoxins and pyrogens, the test forbacterial endotoxins
may replace the test for pyrogens.

AdditionaJ properties
Control of additional properties (e.g. physical characteristics,
functionality-related characteristics) maybe necessary for
individual manufacturing processes or formulations. Grades
(such as sterile, endotoxin-free, pyrogen-free) may be
producedwith a view to manufacrure of preparations for
parenteral administration or otherdosage forms and
appropriate requirements mayhe specified in an individual
monograph.

ASSAY
Unless justified and authorised, contentsof substances for
pharmaceutical use are determined. Suitable methods are
used.

LABELLING
In general, labelling is subject to supranational and national
regulation and to international agreements. The statements
under the headingLabeUing therefore arenot comprehensive
and, moreover, for the purposes of the Phannacopoeia only
those statements that arenecessary to demonstrate
compliance or non-compliance with the monograph are
mandatory. Any other labelling statements are includedas
recommendations. When the term 'label' is used in the
Pharmacopoeia, the labelling statements may appear on the
container, the package, a leaflet accompanying the package or
a certificate of analysis accompanying the article, as decided
by the competent authority.
W'here appropriate, the label states that the substance is:
- intendedfor a specific use;
- of a distinctcrystalline form;
- of a specificdegree of fineness;
- compacted;
- coated;
- granulated;
- sterile;
- free from bacterial endotoxins;
- free from pyrogens;
- containing gliding agents.
Whereapplicable, the label states:
- the degree of hydration;
- the name and concentration of anyexcipient.
___~ ""E<I

Josamycin
(Ph. Eur. monograph 1983)

OHC):, h O O H--.

),~_CH':'r~/CH')~O :
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828

Action and use
Antibacterial.

Josamycin 11-41

**** ** ** ****
H OH
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16846-24-5
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Flow rate 2.0 mUmin.

Detection Spectrophotometer at 232 om.
Injeaion 10~ of the test solution and reference
solutions (b), (c), (d) and (e).

Identification of impurities Use the chromatogram supplied
with josamycin forpeak identification CRS and the
chromatogram obtained withreference solution (e) to identify
the peaks due to impurities A, B, C, D and E.
Relative retention With reference to josamycin (retention
time = about 35 min): impurity A = about 0.5;
impurity B = about 0.8; impurity C = about 0.9;
impurity D = about 1.2; impurity E = about 1.4.

System suieab,7£ty Reference solution (d):
- resolution: minimum 1.7 between the 2 peaks due to

iosamycin and the peakeluted with a relative retention
with reference to [osamycin of about 1.1;

- retention timeofjosamycin: between 32 min and 38 min.
If necessary, adjust the concentration of acetonitrile in the
mobile phases.
Limits:
- impuniies A, B) C, D, E (any shoulder observed on the

peak due to impurity A andlor the peakdue to impurity B
is not (0 be integrated separately): for each impurity, not
more thanthe area of the principal peakin the
chromatogram obtained with reference solution (b)
(5.0 per cent);

- any other impurity: not more than0.6 times the area of me
principal peak in the chromatogram obtained with
reference solution (b) (3.0 per cent);

- total: not more than4 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(20.0 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained withreference solution (c)
(0.1 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
vacuo at 60 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Dissolve 30.0 mg in 5 mL of methanol R and dilute to
100.0 mL with waterR.

Carry out the microbiological assay of antibiotics (2.7.2).Use
josamycin CRS as the chemical reference substance.

STORAGE
In an airtight container.

IMPURITIES
Specified impuriti<s A, B, C, D, E.

Otherdetectable imp";"" (the/oIlowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in 'he monograph. They a.. limited by thegeneral ac<eptanee
criterion for other/unspecified impurities and/or by 'he general
monograph Substances for phannaceutieal use (2034). It is
thereforenot necessary to Ukntify these impuri,i<s for
demonstration of compliance. See olso 5.10. Control of impuri,i<s
in substances for pharmaceutical use) F, G, H, I, J,K

II-42 Josamycin

Drying At 100 °C for 10 min.

Detection Examine in ultraviolet lightat 254 run.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colour and size to
the principal spot in the chromatogram obtained with
reference solution (a) and different in position from the
principal spot in the chromatogram obtained with reference
solution (b).

C. Examine the chromatograms obtained In the test for
related substances.
Results The principal peakin the chromatogram obtained
with the test solution is similar in positionand size to the
principal peak in the chromatogram obtained with reference
solution (a).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, MethodII).

Dissolve 2.0 g in methanol R and dilute to 20 mL with the
same solvent.

Specific opdcal rotadon (2.2. 7)
-65 to -75 (dried substance).

Dissolve 1.000 g in methanol R and dilute to 100.0 mL with
the same solvent. Allow to stand for 30 minbefore
measuring the angle of rotation.

Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, waterR (30:70 VIV)o

Test solution Dissolve 50:0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 25.0 mg ofjDSamycin CRS in
the solvent mixture and dilute to 10.0 mL with the solvent
mixture.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 20.0 mL with the solvent mixture.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 50.0 mL with the solvent mixture.
Reference solution (d) To 10 mL of the test solution add
0.1 mL of strong hydrogen peroxide solution R and heat in a
water-bath for 10 min. Mix 1.0 mL of this solution and
1.0 mL of the test solution.
Reference solution (e) Dissolve 12.5 mg ofjDSamycinfor peak
identification CRS (containing impurities A, B, C, D and E)
in 5 mL of the solvent mixture.
Column:
- size: 1=0.25 m, 12' =4.6 mm;
- sta,ionary phase: end-<apped ocwdecylsi{y/ sih'ca gelfor

chromatography R (5 1lIIl);
- temperature: 45°C.
Mobile phase:
- mobile phaseA: mix 3 volumes of a 67.9 gIL solution of

tetrabul:Ylammonium hydrogen sulfate R, 5 volumes of a
27.6 gIL solution of sodium dihydrogen phosphau
monohydrate R adjusted to pH 3.0 with dilute phosphori<
acidR, and 21 volumesof cueumilrile R, and dilute to
100 volumeswith water R;

- mobile phaseE: mix 5 volumes of a 27.6 gIL solution of
sodium dihydrogen phosphate monohydrate R adjusted to
pH 3.0 with dilute phosphoric acidR, and 50 volumes of
acetonitrile R, and dilute to 100 volumes with water R;

Time
(mIn)

0" 38

38·55

MobUe phase A
(per cent VjJJ)

100

100 ---> 0

2022

Moblle phase B
(per cent VIl')

o
0--->100
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CH,

G. (4R,5S,6S, 7R,9R, IOR,IIE, l3E,16R)-6-[[4-D-(4-0-acetyl­
2,6-dideoxy-3-C-methyl-«-L-ribo-hexopyranosyl)-3,6­
dideoxy-3-(dimethylamino)-Jl-D-glucopyranosyl]oxy]-4,I0­
dihydroxy-5-methoxy-9,16-dimethyl-7-(2-oxoethyl)
oxacyclohexadeca-l1,13-dien-2-one,

F. (4R,5S,6S, 7R,9R, lOR,lIE, l3E,16R)-6-[[3,6-<1ideoxy-4-D­
(2,6-dideoxy-3-C-methyl-«-L-ribo-hexopyranosyl)-3­
(dimethylamino)+o-glucopyranosyl]oxy]-4,IO-<lihydroxy­
5-methoxy-9,I6-dimethyl-7-(2-oxoethyl)oxacyclohexadeca­
11,13-dien-Z-one,

E. (4R,5S,6S,7R,9R, lOR,IlE,I3E,16R)-6-[[3,6-<1ideoxy-4-0­
[2,6-dideoxy-3-C-methyl-4-D-(3-methylbu,anoyl)-«-L-ribo­
hexopyranosyl]-3-(dimethylamino)-~-O-glucopyranosyl]

oxy]-10-hydroxy-5-methoxy-9,16-<1imethyl-7-(2-oxoethyl)­
4-(propanoyloxy)oxacyc1ohexadeca-ll ,13-dien-z-one,

H-, OH

"H

CH,

H.,OH

OHC

CH3 CH3 H--

£,CH' H'C6/CH~; H~ ~:~ "H

o ~01'L...(0~ H' CH,

~ OH CH,

CH,

A. (4R,5S,6S,7R,9R,IOR,IIE,13E,16R)-4-(acetyloxy)-6­
[[3,6_dideoxy_4_0_(2,6-<1ideoxy-4_0_butanoyl_3_C_methyl_
ct-L-n'bo-hexopyranosyl)-3-(dimethylamino)+o­
glucopyranosyl]oxy]-lo-hydroxy-5-methoxy-9,16­
dimethyl_7_(2_oxoethyl)oxacyclobexadeca_II,13-<1ien_2_

one,

B. (4R,5S,6S, 7R,9R, 10R,IIE, I3E,16R)-4-(acetyloxy)-6­
[[3,6-dideoxy-4-0-[2,6-dideoxy-3-C-methyl-4-0-(3­
methylbu,anoyl)-«-L-n'bo-hexopyranosylj-3­
(dimethylamino)-~-o-glucopyranosyl]oxyj-IO-hydroxy-7­

(2-hydroxyethyl)-5-methoxy-9,16­
dimelhyloxacyclohexadeca-ll,13-dien-2-one,

C. unknown structure,

D. (4R,5S,6S, 7R,9R, IOZ, 12E,l4R,16R)-4-(acetyloxy)-6­
[[3,6-dideoxy-4-0-[2,6-dideoxy-3-C-methyl-4-D-(3­
methylbutanoyl)-«-L-ribo-hexopyranosyl]-3­
(dimethylamino)-Jl-O-glucopyranosyljoxyj-14-hydroxy-5­
methoxy_9,16-<1imethyl_7_(2-oxoethyl)oxacyc!ohexadeca­
10,12-dien-2-one (isojosamycin),

H. (4R,5S,6S, 7R,9R, lOR,IIE,13E, 16R)-6-[[3,6-<1ideoxy-4-0­
[2,6-dideoxy-3-C-methyl-4-D-(3-methylbutanoyl)-«-L-ribo­
hexopyranosyl]-3-(dimethylamino)-Jl-o-glucopyranosyl]
oxyj-4,IO-<lihydroxy-5-methoxy-9, l6-dimethyl-7-(2­
oxoethyl)oxacycJohexadeca-llJ13-dien~2-one,
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AI,

884
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Mol. FormulaR

H

CH,A3

A4

leucomycin
prcolonate

(Ph. Eur. monograph 1982)

Josamycin Propionate

Action and use
Antibacterial.

Pf>f<r _

DEFINITION
Propionyl ester of a macrolide antibiotic produced by certain
strains of Streptomyces narbonensis var.josamycelicus var. nova,
or obtained by any other means. The main component is
(4R,5S,6S, 7R,9R, IOR, I IE,13E, 16R)-4-(acetyloxy)-6-[[3,6­
dideoxy-4-D-[2,6-<1ideoxy-3-G-methyl-4-D-(3­
methylbutanoyl)-<t-L-rib<>-hexopyranosyl)-3-(dimethylamino)­
fl-D-g1ucopyranosyl)oxy]-5-methoxy-9,16-<1imethyl-7-(2­
oxoethyl)-IO-(propanoyloxy)oxacydohexadeca-II,13-<lien-2­
one propionate (leucomycin A3 propionate).
Semi-synthetic product derived from a fermentation product.

Content
- minimum 843 Ph. Eur. U.lmg (dried substance).

CHARACTERS
Appearance
White or slightly yellowish, crystalline, slightly hygroscopic
powder.

Solubility
Practically insoluble in water) freely solublein methanoJ and
in methylene chloride) soluble in acetone.

IDENTIFICATION
Fine identification: AJ B.
Second identification: B, G.

Prepare solU/ions in methanol immediately before use.
A. Dissolve 0.10 g in methanol R and dilute to 100.0 mL
with the same solvent. Dilute 1.0 mL of the soJution to
50.0 mL with methanol R. Examined between 220 nm and
350 nm (2.2.25)J the solutionshows an absorption maximum
at 231 om. The specificabsorbance at the absorption
maximum is 310 to 350.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methanol R and dilute to 1 mL with the same
solvent.
Reference solulion (a) Dissolve 10 mg ofjosamycin
propionate GRS in methanol R and dilute to I mL with the
same solvent.

--H

CH,

--H

CH,

H., OH

H OH

H.,OH

OHC
CH3 H·-

CH3 I 0 0

oj~:'~et ~~H'
CH3 OH
OH

CH,

?H' CH, OHCH--

.r . H'Ct>H?')' ~
o ~°'f'--(O~ -H"~,,~'O

~ OH CH,

CH,

L (4R,5S,6S,7R,9R,lOR,liE,13E,16R)-6-[[3,6-dideoxy-4-D­
(2,6-dideoxy-3-G-methyl-4-D-propanoyl-<t-L-rib<>­
hexopyranosyl)-3-(dimethylamino)-fl-o-g1ucopyranosyl]
oxy)-4,1 0-dihydroxy-5-methoxy-9,16-dimethyl-7-(2­
oxoethyl)oxacyclohexadeca-ll ,13-dien-2-onet

OHC

CH3 H"
CH ~o 0 OCH3j 3 H3C~3 ') : '-H 0o~\fyo;OH' ~~,
~ OH CH,

CH,

J. (4R,5S,6S,7R,9R,IOR,liE,13E,16R)-4-(acetyloxy)-6­
[[3,6-<1ideoxy-4-0-(2,6-dideoxy-4-D-hexanoyl-3-G-methyl­
"-L-rib<>-hexopyranosyl)-3-(dimethylamino)-~-D­

g1ucopyranosyl]oxy)-1 0-hydroxy-5-methoxy-9,16­
dimethyl-7-(2-oxoethyl)oxacyclohexadeca-II,13-<1ien-2­
one,

K. (4R,5S,6S,7R,9R,lOR,II E,13E,16R)-4-(acetyloxy)-6­
[[3,6-<lideoxy-4-0-(2,6-<1ideoxy-3-G-methyl-4-0­
propanoyl-<t-L-n'b<>-hexopyranosyl)-3-(dimethylamino)+o­
glucopyranosyl]oxy)-I 0-hydroxy-5-methoxy-9,16­
dimethyl-7-(2-oxoethyl)oxacydohexadeca-ll,13-<1ien-2­
one.
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Reference solution (b) Dissolve 10 mg ofjosamy<in CRS in
methanol R and dilute to 1 mL with the same solvent.
Reference solution (c) Dissolve 10 mg of spiramycin CRS in
methylene chloride R and dilute to 1 mL with the same
solvent.
Reference solution (d) Mix 0.5 mL of reference solution (a)
with 0.5 mL of reference solution (h).

Plate TLC silica gel G plate R.
Mobilephase methanol R, acerone R, ethylacetate R, toluene R,
hexaneR (8:10:20:25:30 VIVIVIVIV).

Application I0 ~L.

Development Over 213 of the plate.

Drying At 100 ·C for 10 min.

Detection Spray with dilute su!func acid R and heat at 100 ·C
for 10 min.

System suitabl1ity The chromatogram obtained with
reference solution (d) shows 2 clearly separated principal
spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size to
the principal spot in the chromatogram obtained with
reference solution (a) and its position is different from that of
the principal spot in the chromatograms obtained with
reference solutions (b) and (c).

C. Dissolve about 10 mg in 5 mL of hydrochlori< acidRl and
allow to stand for 10-20 min. A pinkcolourdevelops,
turning brown.

TESTS
Appearance of solutidn
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, Method If).
Dissolve I g in methanol R and dilute to 10 mL with the
same solvent.

Specific optical roradon (2.2.7)
-65 to -75 (dried substance).

Dissolve 1.000 g in methanol R and dilute to 100.0 mL with
the same solvent. Allow to standfor 30 min before
measuring the angle of rotation.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in acetonitrile for chromatography R and dilute to
100.0 mL with the same solvent.
Reference solurion (a) Dissolve 50.0 mg of josamycin
propionate CRS in aceumitrile for chromatography R and dilute
to 100.0 mL with the same solvent.
Reference solution (b) Dissolve 5 mg of the substance to be
examined in 10 mL of methanol R and add 40 ul, of dilute
piwsphoric acid R. Mix, allow to stand for 5 min and inject.

Reference solutWn (c) Dilute 2.0 mL of reference solution (a)
to 100.0 mL with aceumitrile for chromatography R.

Column:
- size: I;;;; 0.15 m, 0 ;;;; 3.9 nun;
- stationary phase: end-eapped octadIXylsilYl silica gelfor

chromawgraphy R (5 urn);
- temperature: 30 "C.
Mobile phase acetonitrile R) a 15.4 WL solutionof ammonium
acetate R previously adjusted to pH 6.0 with dilute phosphoric
acidR (60:40 VIV).

Flow rale 1.0 mUmin.
Deteaion Spectrophotometer at 232 run.

Josamycin Propionate 11-45

Injection 20 ilL of the test solution and reference
solutions (h) and (c).

Run time 3 times the retention time of leucomycin A3
propionate.
Relasiue retention Wirh reference to leucomycin A3
propionate (retention tlme e about 18 min):
impurity E ;;;; about 0.2j impurity A ;;;; about 0.3;
impurity B =about 0.5; leucomyein A4
propionare > about 0.7; impurity C ;;;; about 1.4;
impurity D =about 2.0.

System suitability Reference solution (b):
- resolution: minimum2.0 between the 2 peakselutingwith

a relative retention with reference to leucomycin A3
propionate of about 0.5 and 0.7 respectively.

Limits:
- ;mpun'ty D: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (c);

- impurities A, B, CJ E: for each impurity) not more man
the area of the principal peakin the chromatogram
obtainedwith reference solution (c);

- any other impun'ty: for each impurity, not morethan the
area of the principal peak in the chromatogram obtained
with reference solution (c);

- total: not more than 7 times me area of the principal peak
in the chromatogram obtained with reference solution (c);

- disregard limit: 0.1 times the area of the principal peakin
the chromatogram obtainedwithreference solution (c).

Loss on drying (2.2.32)
Maximum 1.0 per cent) determined on 1.000 g by drying in
an oven in vacuo at 60 DC for 3 h.

Sulfuted ash (2.4.14)
Maximum 0.2 per cent) determined on 1.0 g.

ASSAY
Dissolve 40.0 mg in 20 mL of methanol R and dilute to
100.0 mL with phosphate bll!fer solution pH 5.6 R.
Carry out the microbiological assay ofantihiotics (2.7.2).
Use josamydn propionate CRS as the chemical reference
substance.

STORAGE
In an airtight container.

IMPURITIES
Specified impundes A, B, OJ D, E.

'··'H

CH,

A. leucomycin A8 9-propionate)
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Kanamycin Acid Sulfate
Kanamycin Acid Sulphate

(Ph. Bur. monograph 0033)

Action and use
Aminoglycoside antibacterial.

DEFINITION
Kanamycin acid sulfate is a formof kanamycin sulfate
prepared byaddingsulfuric acid to a solution of kanamycin
monosulfate and drying by a suitable method.The potency is
not less than 670 IU/mg, calculated with reference to the
dried substance.
Fermentation product.

PRODUCTION
It is produced by methods of manufacture designed to
eliminate or minimisesubstances lowering bloodpressure.

CHARACTERS
A whiteor almost white powder, hygroscopic, soluble in
about 1 partof water, practically insoluble in acetone and in
ethanol (96 per cent).

IDENfIFICATION
A. Examine by thin-layer chromatography (2.2.27), using a
plate coated with a 0.75 mm layer of the following mixture:
mix 0.3 g of carbomer R with 240 mL of water R and allow to
stand,with moderate shaking, for 1 h; adjust to pH 7 by the
gradual addition, with continuous shaking, of dilute sodium
hydroxide solution R and add 30 g of silica gelH R.
Heat the plate at 110°C for 1 h, allow to cool and use
immediately.

Test solution Dissolve 10 mg of the substance to be
examined in (Dater R and dilute to 10 mL with the same
solvent.
Reference solulion (a) Dissolve 10 mg of hanamyel.
monosulfate CRS in waterR and dilute to 10 mL with the
same solvent.
Reference solutUm (b) Dissolve 10 mg of hanamy<1.
monosulfate CRS, 10 mg of neomycin sulfate CRS and 10 mg
of soeptomydn sulfate for iden'ijicatUm CRS in water Rand
diluteto 10 mL with the same solvent.
Apply sepasately to the plate 10 ~L of each solution. Develop
over a path of 12 cm using a 70 gIL solution of potassium
dihydrogen phosphate R. Dry the plate in a current of warm air
and spray with a mixture of equalvolwnes of a 2 gIL
solution of 1,3-<!ihydro;g>naphlho/ene R in ethanol
(96 per een!> R and a 460 gIL solution of su/flnU acid R. Heat
at ISO °C for 5 min to 10 min. The principal spot in the
chromatogram obtainedwith the test solution is similar in
position, colour and size to the principal spot in the
chromatogram obtainedwith reference solution (a). The test
is not valid unless the chromatogram obtained with reference
solution (b) shows 3 clearly separated spots.

B. Dissolve 0.5 gin 10 mL of water R. Add 10 mL of picric
add solution R. Initiate crystallisation if necessary by
scratching the wall of the tube with a glass rod and allow to
stand. Collect the crystals, wash with 20 mL of wa'erR and
filter. Dry at 100 °C. The crystals melt (2.2.14) at about
235°C, with decomposition.
C. Dissolve about 50 mg in 2 mL of water R. Add I mL of a
10 gIL solutionof ninhydrin R and heat for a few minutes on
a water-bath. A violet colourdevelops.

····H
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CH,

OHC
CIi, CIi, H..··,J-- I 0 0 DCH,

J.._ CH3 ~C(;Y~ ~ H~ , ..'-H 0

o 0O)~,.,---?"'4.........fo""'! Ii
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OH OH CH3
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B. leucomycin A5 9-propionate,

C. platenomycin Al 9-propionate,

D.leucomycin A3 3",9-dipropionate,

E. (4R,5S,6S,7R,9R, lOR,IIB,13B,16R)-4-(acetyloxy)-6­
[[3,6.Jideoxy-4-0-[2,6-dideoxy-3-C-methyl-4-0-(3­
methylbutanoyl)-«-L-n1»-hexopyranosyl)-3­
(dimethylamino)-~-D-glucopyranosylloxyl-10-hydroxy-5­

methoxy-9,I6-dimethyl-7-(2-oxoethyl)oxacyclohexadeca­
11,13-dien-2-one (josamycin).
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DEFINITION
6-D-(3-Amino-3-deoxy-a-D-g1ucopyranosyl)-4-0-(6-amino-6­
deoxy-a-D-g1ucopyranosyl)-2-deoXY-D-streptamine sulfate
monohydrate.

Antimicrobial substance produced by the growth of certain
strains of Streptomyces konomyceticus.

Content
Minimum 750 IU/mg (dried substance).

PRODUCTION
It is produced by methods of manufacture designed to
eliminate or minimise substances lowering blood pressure.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solublllty
Freely soluble in water, practically insoluble in acetone and
in ethanol (96 per cent).

IDENTIFICATION
A. Tltin-Iayer chromatography (1.1.17).

Testsolution Dissolve 10 mg of the substance to be
examined in waterR and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of kanamycin
monosulfate CRS in walerR and dilute to 10 mL with the
same solvent.

Reference solution (b) Dissolve 10 mg of kanamycin
monosulfate CRS, 10 mg of neomycin sulfate CRS and 10 mg
of streptomycin sulfate for identification CRS in waterRand
dilute to ··1 0 rnL with the same solvent.

Plate Suitable plate coated with a 0.75 mm layer ofa
mixture prepared as follows: mix 0.3 g of catbomer R with
240 rnL of waterR and allow to stand) with moderate
shaking, for 1 h; adjust '0 pH 7 by the gradual addition, with
continuous shaking, of dilute sodium hydroxide solution R and
add 30 g of silica gd H R.
Pretreatment Heat the plate at 110 °C for 1 h, allow to cool
and use immediately.

Mobile phase 70 gIL solution ofporassium dihydrogen
phosphate R.
Applicalion I0 ~L.

Deodopmenc Over a path of 12 em.

**** ** ** ****

5965-95-7601

HO

OH~o HO"
OH

HO 0 'NH2
OH

Kanamycin Sulfate
Kanamycin Sulphate

(Konamycin Monosulfate, Ph. Eur, monograph 0031)

Action and use
Aminoglycoside antibacterial.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).
Use kanamycin monosulfiue CRS as the reference substance.

STORAGE
In an airtight container. If the substance is sterile, the
container is also sterile and tamper-evident.

D. It gives the reactions of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.20 g in carbon dioxide-free waterR and dilute to
20.0 mL with the same solvent.

pH (1.1.3)
The pH of solution S is 5.5 to 7.5.

Specific optical rotation (1.1.7)
+ 103 to + 115, determined on solution S and calculated
with reference to the dried substance.

Kanamycin B
Examine by thin-layer chromatography (2.2.27), using a plate
prepared as prescribed under identification test A.

Heat me plate at 110 DC for I h, allow to cool and use
immediately.

Test solution Dissolve 0.11 g of the substance to be
examined in waterR and dilute to 20 mL with the same
solvent.

Reference solution Dissolve 4 mg of kanamycin B sulfate CRS
in waterR and dilute to 20 rnL with the same solvent.

Apply separately to the plate 4 I1L of each solution. Develop
over a path of 12 em using a 70 gIL solution of potassium
dihydrogen phosphate R. Dry the plate in a current of warm air
and spray with ninhydrin and stannous chloride reagent R. Heat
the plate at 110 °C for 15 min. Any spot corresponding to
kanamycin B in the chromatogram obtained with the test
solution is not more intense than the spot in the
chromatogram obtained with the reference solution
(4.0 per cent).

Loss on drying (1.1.31)
Not more than 5.0 per cent, determined on 1.00 g by drying
at 60 °C at a pressure not exceeding 670 Pa for 3 h.

Sulfated ash (1.4.14)
Not more than 0.5 per cent, determined on 1.0 g.

Sulfate
23.0 per cent to 26.0 per cent of sulfate (SO,), calculated
with reference to the dried substance. Dissolve 0.175 g in
100 mL of waterR and adjust the solution to pH II using
concentrated ammonia R. Add 10.0 mL of 0.1 M barium
chloride and about 0.5 mg of phrhalein purpk R. Titrate with
0.1 M sodium edeuue adding 50 mL of ethanol(96 percenl) R
when the colour of the solution begins to change and
continue the titration until the violet-blue colour disappears.

I mL of 0.1 M barium chloride is equivalent to 9.606 mg of
sulfate (SO,).

Pyrogens (1.6.II)
If intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of pyrogens, it complies with the test for pyrogens.
Inject per kilogram of the rabbit's mass 1 mL of a solution in
waterfor inje(;tions R containing 10 mg per millilitre of the
substance to be examined.

____________________ PIIE/I
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Drying In a current of warm air.

Detection Spray with a mixture of equal volumes of a 2 gIL
solution of 1,3-dihydroxynaphtJzalene R in ethanol
(96 per cenll R and a 460 gIL solution of ,ulfuric acidR. Heat
at 150°C for 5 min to 10 min.
System suitability Reference solution (b):

- the chromatogram shows 3 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colour and size to
the principal spot in the chromatogram obtainedwith
reference solution (a).
B. Dissolve 0.5 g in 10 mL of water R. Add 10 mL ofpieri<
acid solution R. Initiatecrystallisation if necessary by
scratching the wall of the tube with a glassrod and allow to
stand. Collect the crystals" wash with 20 mL of warerR and
filter. Dry at 100 "C. The crystals melt (2.2.14) at about
235 "C, with decomposition.
C. Dissolve about 50 mg in 2 mL of water R. Add I mL of a
10 gIL solution of ninhydrin R and heat for a few minutes on
a water-bath. A violet colour develops.
D. It gives the reactions of sulfates (2.1.1).

TESTS
Solution S
Dissolve 0.20 g in corban dioxide-free water R and dilute to
20.0 mL with the same solvent.

pH (2.2.3)
6.5 to 8.5 for solution S.

Specific optical rotation (2.2.7)
+ 112 to + 123 (dried substance), determined on solution S.

KanamyclnB
Thin-layer chromatography (2.2.27) as described under
Identification A with the foUowing modifications.
Test solution Dissolve 0.1 g of the substance to be examined
in water R and dilute to 20 mL with the same solvent.
Reference solution Dissolve 4 mg of kanamycin B sulfa" CRS
in water R and dilute to 20 mL with the same solvent.
ApplicaMn 4 ~L.

Detection Spray with ninhydrin and stantWUS chloride
reagent R. Heat at 110 "C for 15 min.

Limit:
- kanamycin B: any spot corresponding to kanamycin B in

the chromatogram obtainedwith the test solutionis not
more intense than the spot in the chromatogram obtained
with the reference solution (4.0 per cent).

Loss on drying (2.2.32)
Maximum 1.5 per cent, determined on 1.000 g by drying at
60 °C at a pressure not exceeding670 Pa for 3 h.

Sulfated ash (2.4.14)
~aximum 0.5 per cent, determined on 1.0 g.

Sulfate
15.0 per cent to 17.0 per cent of sulfate (dried substance).

Dissolve 0.250 g in 100 mL of water R and adjust the
solution to pH 11 with concentrated ammonia R.
Add 10.0 mL of 0.1 M barium chloride and about 0.5 mg of
phthalein purple R. Titrate with 0.1 M sodium edetate adding
50 mL of ethanol (96 percent) R when the colour of the
solution begins to change and continue the titration until the
violet-blue colour disappears.
I mL of O. 1 M barium chloride is equivalent to 9.606 mg of
SO•.

2022

Pyrogens (2.6.8)
If intended for use in the manufacture of parenteral
preparations withouta further appropriate procedure for the
removal of pyrogens, it complieswith the test forpyrogens.
Inject per kilogram of the rabbit's mass I mL of a 10 mg/mL
solution of the substance to be examined in waterfor
injections R.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).
Use kanamycin monosulfate CRS as the reference substance.

STORAGE
If the substance is sterile, store in a sterile) tamper-evident
container.
___________________ PIIE"

Heavy Kaolin
(Ph. Eur. monograph 0503)

Preparation
Kaolin Poultice

When kaolin is prescribed or demanded, Ligbt Kaolin shall
be dispensed or supplied, unless it is ascertained that Light
Kaolin (Natural) is required.
PIlE" _

DEFINITION
Purified, natural, hydrated aluminium silicate of variable
composition.

CHARACTERS
Appearance
Fine, white or greyish-white) unctuous powder.

SolublIlty
Practically insoluble in water and in organic solvents.

IDENTIFICATION
A. To 0.5 g in a metal crucible add I g of potassium nitro" R
and 3 g of sodium carbonate R and heat until the mixture
melts. AUow to cool. To the residue add 20 mL of boiling
waterR, mix and filter. Wash the residue with 50 mL of
water R. To the residue add I mL of hydrochlori< acidRand
5 mL of waterR. Filter. To the filtrate add I mL of strang
sodium hydroxuu solution R and filter. To the filtrate add
3 mL of ammonium chloride solution R. A gelatinous white
precipitate is formed.
B. Add 2.0 g in 20 portions to 100 mL of a 10 gIL solution
of sodium laurilsu1fa" R in a 100 mL graduated cylinder
about 30 nun in diameter. Allow2 min between additions
for each portionto settle. Allow to standfor 2 h.
The apparent volume of the sedimentis not greater than
5mL.
C. 0.25 g gives the reaction of silicates (2.3.1).

TESTS
Solution S
To 4 g add a mixture of 6 mL of acetic acid Rand 34 mL of
dis,iUed water R, shakefor I min and filter.

Acldity or alkallnlty
To 1.0 g add 20 mL of corban dWxide-free water R, shake for
2 min and filter. To 10 mL of the filtrate add 0.1 mL of
phenolphthalein solution R. The solution is colourless.
Not more than 0.25 mL of 0.01 M sodium hydroxide is
required to change the colour of the indicator to pink.
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Organic impwities
Heat 0.3 g to redness in a calcination tube. The residue is
only slightly more colouredthanthe original substance.

Adsorption power
To 1.0 g in a ground-glass-stoppered test-tube add 10.0 mL
of a 3.7 gIL solution of methylene blue R and shake for 2 min.
Allow to settle. Centrifuge and dilute the solution 1 to 100
with water R. The solution is not more intensely coloured
than a 0.03 gIL solution of methylene blue R.

Swelling power
Triturate 2 g with 2 mL of waterR. The mixture does not
flow.
Substances soluble in dilute hydrochloric acid
Maximum I per cent.

To 5.0 g add 7.5 mL of daute hydrochloric acidRand
27.5 mL of water R and boil for 5 min. Filter, wash the
residue on the filter with waterR and dilute the combined
filtrate and washings to 50.0 mL with water R. To 10.0 mL
of the solution add J.5 mls of dilute sulfun"c acid R, evaporate
(0 dryness on a water-bath and ignite. The residue weighs a
maximum of 10 mg.

Chlorides (2.4.4)
Maximum 250 ppm.
Dilute 2 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 0.1 per cent.

Dilute 1.5 mL of solution S to 15 mL with distilled waterR.

Calcium (2.4.3)
Maximum 250 ppm.
Dilute 4 mL of solution S to 15 mL with distilled waterR.

Microbial contamination
TAMC: acceptance criterion 10' CFUlg (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

LABELLING
The labelstates, where applicable, that the substance is
suitable for internal use.
____________________ PhEur

Light Kaolin
Action and use
Antidiarrhoeal.

Preparations
Kaolin Mixture
Kaolin and Morphine Mixture

When Kaolinor LightKaolin is prescribed or demanded)
Light Kaolin shan be dispensed or supplied unless it is
ascertained that Light Kaolin (Natural) is required.

DEFINITION
LightKaolin is a native hydrated aluminium silicate, freed
from most of its impurities by elutriation and dried.
It contains a suitable dispersing agent.

CHARACTERISTICS
A light, white powder free from gritty particles; odourless or
almost odourless; unctuous.
Practically insoluble in water and in mineral acids.

Kaolin II-49

IDENTIFICATION
A. To 0.5 g in a metal crucible add 1 g of potassium nitrate
and 3 g of sodium caibonau and heat until the mixture melts.
Allow to cool. To the residue add 20 rnL of boilingwater,
mix and filter. Washthe residuewith 50 mL of water, add to
the residue 1 mL of hydrochloric acid and 5 mL of water, mix
and filter. To the filtrate add 1 mL of strong sadium hydroxide
solution, filterand add [0 the filtrate 3 mL of ammonium
chloride solution. A gelatinous white precipitate is produced.
B. 0.25 g yields me reaction characteristic of silicaus,
Appendix VI.
C. Triturate 2 g with 2 mL of water. The resulting mixture
flows.

TESTS
Coarse particles
Transfer 5 g to a stoppered cylinder (about
16 em x 35 mm), add 60 mL of a 1% wlv solution of
sodium pyrophosphate, shakethoroughly and allow to standfor
5 minutes. Using a pipette) withdraw 50 mL from a point
about 5 em below the surface of the liquid. To the remaining
liquid add 50 rnLof 'Water, shake,allow to srand for
5 minutes and withdraw 50 mL in the same manner as
before. Repeat the operation until a total of 400 mL of
suspensionhas been withdrawn under the prescribed
conditions. Transfer the remainder to an evaporating dish
and evaporate to dryness on a water bath. The residue,after
drying at 105°, weighs not more than 25 mg.

Fine particles
Disperse 5 g in 250 mL of water by shaking vigorously for
2 minutes in a stoppered flask, pour immediately into a glass
cylinder 5 em in diameter and transfer 20 mL to a glassdish
using a pipette. Evaporate to dryness and dry to constant
weight at 105°. Allow the remainder of the suspension to
stand for 4 hours at 20· and withdraw a second 20 mL
portionusing a pipettewith its tip exactly 5 em below the
surfaceand withoutdisturbing the sediment. Transfer the
second portion to a glassdish, evaporate to dryness and dry
to constantweightat 105°. The weight of the residue from
the second portion is not less than 70% of the weight of the
residuefrom me first portion.

Arsenic
0.50 g dispersed in 25 mL of watercomplies with the limit
test for arsenic, Appendix VII (2 ppm).

Chloride
Boil 1.0 g with 80 mL of waterand 20 mL of 2M nitric acid
under a reflux condenser for 5 minutes, cool and filter.
IS mL of the filtrate complieswith the /imilltSt for chlorides,
Appendix VII (330 ppm).

Loss on drying
When dried to constantweightat 1050

J loses not more than
1.5% of its weight. Use 1 g.

Loss on ignition
When ignited at 6000

, loses not more than 15.0% of its
weight. Use I g.

Soluble matter
Boil 2 g with 100 mL of 0.2M hydrochloric acid under a reflux
condenserfor 5 minutes, cool, filter and evaporate 50 mLof
the filtrate to dryness. The residue, afterignition at about
6000 for 30 minutes, weighsnot more than 10 mg.
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Chloride
Boil 1.0 g with 80 mL of water and 20 mL of 2M nitric acid
under a reflux condenser for 5 minutes, cool and filter.
15 mL of the filtrate complies with the limit testfor chlorides,
Appendix vn (330 ppm).

Loss on drying
When dried to constant weightat lOS'" loses not more than
1.5% of its weight. Use I g.

Loss on ignition
When ignited at 600°, loses not more than 15.0% of its
weight. Use I g.

Soluble matter
Boil 2 g with 100 mL of 0.2M hydro<hlonc acidunder a reflux
condenser for 5 minutes} cool} filter and evaporate 50 mLof
the filtrate to dryness. The residue} after ignition at about
600° for 30 minutes} weighs not more than 10 mg.

DEFINTIlON
(2RS)-2-(2-Chlorophenyl)-2-(methylamino)cyclohexanone
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite} crystalline powder.

Solubility
Freelysoluble in water and in methanol, solublein ethanol
(96 per cent).

mp
About 260 "C, with decomposition.

IDENTIFICATION
A. Optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison hetamine hydrochloride CRS.
C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R and dilute to
50.0 mL with the same solvent.

**** ** ** ***~

1867-66-9274.2

cW
CI

" I ":. .&' andenanliomer • HCI
'NH

I
CH,

(ph. Bur. monograph 1020)

Ketamine Hydrochloride

Action and use
Intravenous general anaesthetic

Preparations
Ketamine Injection
Ketamine Nasal Spray

Ketamine Oral Solution

Light Kaolin (Natural)

DEFINITION
Light Kaolin (Narural) is a native hydrated aluminium
silicate, freed from most of its impurities by elutriation and
dried. It does not contain a dispersing agent.

CHARACTERISTICS
A light,white powderfree from gritty particles; odourless or
almost odourless; unctuous.
Practically insoluble in water and in mineral acids.

IDENTIFICATION
A. To 0.5 g in a metal crucible add I g ofpotassium nitrate
and 3 g of sodium carbonate and heat until the mixture melts.
Allow to cool. To the residue add 20 mL of boilingwater,
mix and filter. Wash the residue with 50 mL of water, add to
the residue 1 rnL of hydrochloric addand 5 mL of water, mix
and filter. To the filtrate add I mL of strong sodium hydroxUk
solution, filter and add to the filtrate 3 rnLof ammonium
chloride solution. A gelatinous whiteprecipitate is produced.
B. 0.25 g yields the reaction characteristic of n/icaces,
Appendix VI. .

C. Triturate 2 g with 2 mL of water. The resulting mixrure
does not flow.

Action and use
Antidiarrhoeal.

Preparations
KaolinMixture
Kaolin and Morphine Mixture

When Kaolin or LightKaolin is prescribed or demanded,
Light Kaolin shall be dispensed or supplied unless it is
ascertained that Light Kaolin (Natural) is required.

TESTS
Coarse particles
Transfer 5 g to a stoppered cylinder (about
16 em x 35 mm), add 60 mL of a 1% wlv solution of
sodium pyrophosphate, shake thoroughly and allow to stand for
5 minutes. Using a pipette, withdraw 50 mL from a point
about 5 em below the surface of the liquid. To the remaining
liquidadd 50 mL of wacer, shake, allow to standfor
5 minutesand withdraw 50 mL in the same manner as
before. Repeat the operation until a total of 400 mL of
suspension has been withdrawn underthe prescribed
conditions. Transfer the remainder to an evaporating dish
and evaporate to dryness on a water bath. The residue, after
drying at 105°, weighsnot more than25 mg.

Fine particles
Disperse 5 g in 250 mL of watercontaining 50 mg of sodium
pyroplwsphate by shaking vigorously for 2 minutes in a
stoppered flask, pour immediately into a glass cylinder 5 cm
in diameter and transfer 20 mLto a glass'dishusing a
pipette. Evaporate to dryness and dryto constantweightat
105°. Allow the remainder of the suspension to standfor
4 hours at 20" and withdraw a second 20 mL portion using a
pipette with its tip exactly5 cm below the surface and
withoutdisturbing the sediment. Transfer the secondportion
to a glassdish, evaporate to dryness and dry to constant
weight at 105". The weight of the residue from the second
portion is not less than 70% of the weightof the residue
from the first portion.

Arsenic
0.50 g dispersed in 25 mL of water complies with the limit
test for arsenic, Appendix vn (2 ppm).
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A. 1-(2-chloro-N-methylbenzimidoyl)cydopentanol,

B. (2RS)-2-(2-chlorophenyl)-2-hydroxycyclohexanone,

5965-49-1283.8

(ph. Bur. monograph 1746)

C"H"CINOz

Action and use
Opioid receptor agonist; analgesic.

PIIEII _

DEFINITION
1-[4-(3-Hydroxyphenyl)-I-methylpiperidin-4-yl]propan-I-one
hydrochloride.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water) soluble in ethanol (96 per cent), very
slightly soluble in methylene chloride.

IDENTIFICATION
A' Infrared absorption spectrophotometry (2.2.24).

0
oCI~»: , ~

.··V and ereoucmer
OH

C. (2-chlorophenyl)(I-hydroxycyclopentyl)methanone.

(2.2.20), using 0.1 .Msodium hydroxide. Read the volume
added between the 2 pointsof inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 27.42 mg of
C13H"CI,NO.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

Ketobemidone Hydrochloride

f?'"o 1.<"
HO

Appearance of solution
Solution S is dear (2.2.1) and colourless (2.2.2, Method11).

pH (2.2.3)
3.5 to 4.1.

Dilute 10 mL of solution S to 20 mL with carbon dioxide-free
water R.

Optical rotation (2.2.7)
-0.2° to + 0.2°.

Dilute 2.5 mL of solution S 10 25.0 mL with waterR.

Related substances
Liquid chromatography (2.2.29). Prepare the ,oIuwm
immediacdy before use.
Test solution Dissolve 50 mg of the substance to be
examined in the mobilephase and dilute to 50.0 mL with
the mobilephase.
Reference solution (a) Dissolve 5 mg of ketamine
impun'ty A CRS in the mobile phase and dilute 10 10.0 mL
with the mobilephase (using ultrasound if necessary).
To 1.0 mL of the solution, add 0.5 mL of the test solution
and dilute to 100.0 mL with the mobile phase.

Reference solution (1)) Dilute 1.0 mL of the test solution 10

10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.0 mm;
- ,tatWnQly phase: /Xtadecylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase Dissolve 0.95 g of sodium hexanesulfonate R in
1 L of a mixture of 25 volumes of acetonitrile Rl and
75 volumes of waterR and add 4 mL of acetic add R.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 215 nm.
Injection 20~.

Run time 10 timesthe retention timeof ketamine.
Relative retention With reference to ketamine (retention
time =about 3 min): impurity A =about 1.6;
impurity B = about 3.3; impurity C = about 4.6.

Systemsuitability Reference solution (a):
- resolution: minimwn 1.5 between the peaks due to

ketamine and impurity A.
Limits:
- impurities A, B, C:for each impurity, not more than the

area of the principal peak in the chromatogram obtained
withreference solution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- lOcal: not more than 2.5 times the area of the principal
peak in the chromatogram obtained withreference
solution (b) (0.5 per cent);

- disregard limit: 0.25 times the area of the principal peakin
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 50 mL of methanol R and add 1.0 mL of
o. J J\1 hydrochloric acid. Carry out a potentiometric titration
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Comparison Ph. Bur. reference spectrum of kewbemidone
hydrochloride.
B. Solution S (see Tests) gives reaction (a) of chlorides
(2.3.1).

TESTS
Solution S
Dissolve 0.250 g in carbon dioxide-free waterR and dilute to
25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Bs (2.2.2, Methad11).

pH (2.2.3)
4.5 to 5.5 for solution S.

Related substances
Liquid chromatography (2.2.29).

Solution A 1.54 gIL solution of ammonium acetate R
adjusted to pH 8.0 with dilute ammonia RI.
Test solution Dissolve 50.0 mg of the substance to be
examined in solution A and dilute to 25.0 mL with the same
solution.
Reference solution (a) Dissolve I mg of Iutobemidone •
impurity B CRS and I mg of kewbemidone impurity C CRS in
solution A and dilute to 25 mL with the same solution.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 20.0 mL of this solution to
100.0 mL with solution A.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: phenylhexylsilyl silkagelfor

chromaccgraphy R (5 fUll);
- tempera",..: 40 'C.
Mobile phase aceccnitrile R, solution A (20:80 VIJI).
Flawrate 1.5 mIJmin.

Detection Spectrophotometer at 278 run.
Injection 20 ~L.

Run time 4.5 times the retention timeof ketohemidone.
Relauve retention With reference to ketobemidone (retention
time =about 10 min): impurity A =about 0.4;
impurity B =about 0.6; impurity C =about 0.7;
impurity D = about 3.5.

System suitability Reference solution (a):
- resolution: minimum 4.0 between the peaks due to

impurity B and impurity C.

Limits:
- impurities A, B, C, D: for eachimpurity, not morethan

the area of theprincipal peak in the chromatogram
obtained with reference solution (b) (0.2 percent);

- unspecified impurities: for eachimpurity, not morethan
0.5 times the area of the principal peakin the
chromatogram obtained withreference solution (b)
(0.10 per cent);

- total: not more than3.5 times the area of the principal
peakin the chromatogram obtained with reference
solution (b) (0.7 per cent);

- disregard limit 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximwn 1.0 per cent, determined on 0.50 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

2022

ASSAY
Dissolve 0.200 g in a mixture of 5.0 mL of
0.01 M hydrochlori< acidand 50 mL of eihand (96 per cenO R.
Carry out a potentiometric titration (2.2.20) using
0.1 M sadium hydroxide. Read the volume added between the
2 points of inflexion.
I mL of 0.1 M sadium hydroxide is equivalent to 28.38 mg
of C"H22CINOa.

IMPURITIES
Specified impurities A, B, C, D.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor otheroj the tests
in themonograph. They an'limitedby thegeneral acupumce
criterion for o!her/unspecified impurities and/or by the general
monograph Substances forpharmaceutieal use (2034). It is
therefore not neussary to identify these impun"ties jor
demonstration of compliance. See also 5.10. Control of impurities
in substanus for pharmaceutical use) E.

A. 1-[4-(3-hydroxyphenyl)-I-methyl-I-oxidopiperidin-4-yl)
propan-l-one (cis and trans isomers),

B. 1-[4-(3-hydroxyphenyl)-I-methylpiperidin-4-yl]ethanone,

ILl,"
~H3

"0 0

C. 1-[4-(3-hydtoxyphenyl)piperidin-4-yl]propan-f-one,

D. 1-[4-(3-methoxyphenyl)-I-methylpiperidin-4-yl]propan-l­
one,

E. 4-(3-hydroxyphenyl)-I-methylpiperidin-4-carbonittile.
______~ ~""E"
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PhE" _

ClyyCI

0 ..·0
°L 1\ -0- rJo~IN' NOH N

H,C '--J - (Ii
andenanliomer N

DEFINITION
1-[4-[4- [[(2RS,4SR)-2-(2, 4-Dichlorophenyl)-2-[(IH­
imidazol-I-yl)methyl]-I ,3-dioxolan-4-yl]methoxy]
phenyl]piperazin-I-yl] ethan-I-one.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white p.owder.

Solubility
Practically insoluble in water) freely soluble in methylene
chloride, solublein methanol, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B.
Secondidentification: A, C, D.
A. Melting point (2.2.14): 148 'C to 152 'C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison keuxonazde CRS.
C. Titin-layer chromatography (2.2.27).

Testsolution Dissolve 30 mg of the substance to be
examined in the mobile phase anddilute to 5 mL with the
mobilephase.
Reference solU/ron (a) Dissolve 30 mg of k<loconazole CRS in
the mobile phase and dilute to 5 mL with the mobile phase.

Reference sdution (b) Dissolve 30 mg of ketoconoxde CRS
and 30 mg of econazole nitrate CRS in the mobile phase, then
dilute to 5 mLwith the mobile phase.
Plate TLC octade<ylsilyl silka gelplate R.
Mobile phase ammonium tUetate solution R, dioxan R,
methanol R (20:40:40 VIVII').

Applicatron 5 ~L.

Deoelopment Over 314 of the plate.

Drying In a current of warm air for 15 min.
Detection Expose to iodine vapour until the spots appear
and examine in daylight.
System suitability Reference solution (b):

- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position, colourand size to

Time Mobile phase A Mobile phase B
(mIn) (percent VA? (per cent VIJ?
0-10 100"-> 0 0-> 100

10· 15 0 100

FIJJw rate 2 mUmin.

Detection Spectrophotometer at 220 nm.
Injection I0 ~L; inject methanol R as a blank.

Identification of impun"lies Use the chromatogram supplied
with heuxonasde impurity mixture CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities C and D.

Relau"ve retention With reference to ketoconazole (retention
time -= about6 min): impurity D -= about 0.8;
impurity C = about 0.9.
Systemsuitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurities D and C.

Calculation of per<entog, ronunlS:
- correction faaor: multiply the peak area of impurity D by

1.4; "

the principal spot in the chromatogram obtained with
reference solution (a).
D. To about 30 mg in a porcelain crucible add 0.3 g of
anhydrous sodium carbonate R. Heat overan open flame for
10 min. Allow to cool.Take up the residue with 5 mL of
dilute nitric acidR and filter. To I mL of the filtrate add
1 mL of water R. The solution gives reaction (a) of chlorides
(2.3.1).

TESTS
Solution S
Dissolve 1.0 g in methylene chloride R and dilute 10 10.0 mL
with the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not moreintensely coloured
than reference solution BY. (2.2.2, M,thod If).

Optical rotation (2.2.7)
-0.10° (0 + 0.10°, determinedon solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in methanol R and dilute to 10.0 mLwith the same
solvent.
Reference solution (aJ Dissolve the contents of a vial of
heuxonasde impun'ty mixture CRS (impurities C and D) in
I mL of methanol R.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Column:
- size: 1= 0.10 m, 0 = 4.6 mrn;
- stationary phase: end-capped octade<y/si!Y1 silica gelfor

chromatography R (3 um),

Mobile phase:
- mobil,phase A: aatoni,,;l, for dJromatography R, 3.4 gIL

solutionof tetrabulYlammon;um hydrogen sulfate R
(5:95 VII');

- mobile phaseB: acetonitrile for chromatography R, 3.4 gIL
solution of tetrabutylammonium hydrogen sulfau R
(50:50 VII');

**** ** ** ****

65277-42-1531.4

(Ph. Bur. monograph 0921)

Ketoconazole

Action and use
Antifungal.

Preparations
Ketoconazole Cream
Ketoconezote Shampoo
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- for each impurity, use the concentration of ketoconazole
in reference solution (b).

Limits:
- impun"ly D: maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- wtal: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 70 mL of a mixture of I volume of
anhydrous acetic add R and 7 volumes of methylem~ ketone R.
Titrate with 0.1 M petchiotic acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perehlnric acid is equivalent to 26.57 mg
of C2.H28C12N.O•.

STORAGE
Protected from light.

IMPURITIES
Specified impurities D.

Otherdetectable impuniies (me fo/wing sulntanees would, 'f
present at a su/lidentlevel, bedetected by oneorother of the tests
in me monograph. They arelimited by thegeneral acceptance
criterion for omer/unspecified impurities andior by me general
monograph Substances for phannaeeutieal use (2034). It is
therefore not necessary to identify these impuricies for
demonstration of compliance. See abo 5.10. Conaolof impurities
in substances for pharmaceutical use) A, B, C, E.

ClyyCl

o."V
° 1\ J\.... I"Jo~>--N N-o ° H N

H,C '--I - CD
andenantiomer N

C. 1-[4- [4-[[ (2RS,4RSJ-2-(2,4-dichlorophenyl)-2- [(1H­
imidazol-l-yl)methyl]-I,3-dioxolan-4-yl]methoxy]
phenyl]piperazin-I-yl]ethan-I-one,

C1yyCl

o ...V
1\-0-' ~o~ &"

HN NOH N

'---.I - and enanliomar C?
D. 1-[4- [[(2RS,4SR) -2-(2,4-dichlorophenyl)-2- [( 1H-imidazol­

l-yl)methyl]-I,3-dioxolan-4-yl]methoxyJphenyl) piperazine,

E. [(2RS,4SR)-2-(2,4-dichlorophenyl)-2-[(IH-imidazol-I-yl)
methyl]-I,3-dioxolan-4-yl]methyl 4-methylbenzene-l­
sulfonate.

_____~ ""E"

ClyyCI

rO,··V
°L 1\ -0- rt-o~IN NOH N

H,C ~ - (d
and enanliomer N

A. 1-[4-[4-[[(2RS,4SR)-2-(2,4-diehlorophenyl)-2-[(1H­
imidazol-l-yl)methyl]-I ,3-dioxolan-4-yl]me thoxy]p henyij­
1,2,3,4-tetnthydropyrazin-I-yl]ethan-l-one,

Ketoprofen
(ph. Eur. monograph 0922)

and eoenuoner

**** ** ** ****

PhE" _

Acdon and use
Cycle-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparadons
Ketoprofen Capsules

Ketoprofen Gel

22071-15-4254.3

DEFINITION
(2RSJ-2-(3-Benzoylphenyl)propanoic acid.

Content
99.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

B. 1-[4-[4-[5-(4-acetylpiperazin-l-yl)-2-[[(2RS,4SR)-2-(2,4­
dichloropheny I)-2- [(IH-imidazol-l-yI)methyl'[-I,3­
dioxolan-4-yl]methoxy]phenoxy]phenyl)piperazin-I-yI)
ethan-l-one,
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Solubility
Practically insoluble in water, freely soluble in acetone, in
ethanol (96 per cent) and in methylene chloride.

IDENTIFICATION
Pim identification: C.
Second identification: A, B, D.
A. Melting point (2.2.14): 94 'C to 97 'C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsdtuion Dissolve 50.0 mg in ethanol (96 per cenV Rand
dilute to 100.0 mL with the same solvent. Dilute 1.0 mL of
this solution to 50.0 mL with ethand (96 per cmV R.

Spectral range 230-350 om.
Absorption maximum At 255 nm.
Specific absorbance at the absorption maximum 615 to 680.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison /uroprofm CRS.
D. Thin-layer chromatography (2.2.21).

Test solution Dissolve 10 mg of the substance to be
examined in aatone R and dilute to 10 mL with the same
solvent.
Reference solution (a) Dissolve 10 mg of tutoprcfen CRS in
acetone R and dilute to.In mL with the same solvent.
Reference solution (b) Dissolve 10 mg of indomeraein CRS in
aatone R and dilute to 10 mL with the same solvent.
To I mL of this solution add I mL of reference solution (a).

Plate TLC silica gd GFm plateR.
Mobile phase glacial acetic acidR, methylene chlarilk R,
ace/Otle R (1:49:50 VIVIV).

Applicalion 10 1'1-.
Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet lightat 254 nm.
System suitability Reference solution (b):

- the chromatogram shows 2 clearly separated principal
spots.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

TESTS
Appearance of solution
The solutionis clear(2.2.1) and not more intensely coloured
than reference solution Y. (2.2.2, MethadII).
Dissolve 1.0 g in ace/Otle R and dilute to 10 mL with the
same solvent.

Related substances
LiqUid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 20.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 5.0 mg of /utoprofm
impurity A CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 1.0 mL of this solution to
50.0 mL with the mobile phase.

Ketoprofen II-55

Reference solution (c) Dissolve 5.0 mg of ketoprcfen
impurity C CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 1.0 mLof thissolution to
50.0 mL with the mobile phase.

Reference solution (d) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. To 1.0 mL of thisso!ution
add 1.0 mL of reference solution (b).

Column:
- size: 1= 0.15 m, 0 = 4.6 rom;
- stationary phase: spherical octaduylsilyl silica gd for

chromatography R (5 urn) with a specific surface area of
350 m2/g and a pore size of 10 nm.

Mobile phase Mix 2 volumes of freshly prepared phosphate
buffer solution pH 3.5 R, 43 volwnes of acetonitrile Rand
55 volumes of waterR.

Flaw rate I mlJmin.

Detection Spectrophotometer at 233 nm.

Injection 20 ~L.

Identification of impuniks Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity A; use me chromatogram obtained with reference
solution (c) to identify the peak due to impurity C.
Run time 7 times the retention timeof ketoprofen.
Relative retention Withreference to ketoprofen (retention
time =about 7 min): impurity C =about0.3;
impurity E = about 0.69; impurity B = about 0.73;
impurity D =about 1.35; impurity A =about 1.5;
impurity F = about 2.0.

Systemsuitability Reference solution (d):
- resolution: minimum 7.0 between the peaks due to

ketoprofen and impurity A.
Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained withreference solution (b)
(0.2 per cent);

- i'mpurily C: not more than the area of me principal peak
in the chromatogram obtained withreference solution (c)
(0.2 per cent);

- impurities B, D, EJ F: for each impurity, not more than
the area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.2 per cent);

- unspe.afied impurities: for each impurity, not more than
0.5 times the areaof the principal peakin the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- sum of impun'ties other than A andC: not more than twice
the area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.4 per cent);

- disregard limit. 0.25 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, detemtined on 1.000 g.by drying at
60 'C at a pressure not exceeding 0.67 kPa.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 25 mL of ethanol (96 per cent) R.
Add 25 mL of waterR. Titrate with 0.1 M sodium hydroxide,
determining the end-point potentiometrically (2.2.20).

I mL of 0.1 M sadium hydroxide is equivalent to 25.43 mg
of C1oHl.O,.
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IMPURITffiS
Specified impurities A, B, C, D, E, F.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in themonograph. They are limited by thegeneral a«ePtance
ctitetion 1Mother/unspecified impurities andlor by theget/eral
monograph Substances for pharmaceutical use (2034). II is
therefore not neussary to identify these ;mpun"ties far
demonstration of compliance. See also 5. I O. Control of impurities
in subsrances forpharmaceutical use) G, H, 1,J,K, L

o

andenantiomer

G. 3_[(IRS)_I_cyanoethyljbenzoic acid,

yeN
Ca,H

CH,

A. 1_(3_benzoylphenyl)ethanone,

H. 3-(cyanomethyl)benzoic acid,

yCN
~o

I. (3-benzoylphenyl)ethanenitrile,

andtheir
enantiomers

andenanUomer

,Y 0 +

H,C CH, H,C
CH, "

HsC "'"
CH,

J. (2RS)_2_[3_(2,4-dimethylbenzoyl)phenyljpropanoic acid,

and enanliomer

~:~Hy andanantiomer

eo,H

C. 3-[(IRS)-I-<:arboxyethyljbenzoic acid,

B. (3-benzoylphenyl)acetic acid,

H,C

$
"I Ca,H

'" 0

#

and enantiomer

CH,

K. mixture of (2RS)-2-[3-(2.3,4-trimethylbenzoyl)
phenyljpropanoic acid and (2RS)-2-[3-(3A.5­
trimethylbenzoyl)phenyljpropanoic acid,

andeoanlk>mer
o

D. (2RS)_2_[3_(4_methylbenzoyl)phenyljpropanoic acid,

E. (2RS)-2-(3-benzoylphenyl)propanamide,

andenanllomer

L. (2RS)_2_[3_(2,4,5_trimethylbenzoyl)phenyljpropanoic acid.
___________________ Ph[<I

o

F. (2RS)-2-(3-benzoylphenyl)propanenitrile,
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PU" _

Action and use
Cycla-oxygenase inhibitor; analgesic; anti-Inflammatory.

DEFINITION
2-Amino-2-(hydrol<)'methyl)propane-I,3-diol (IRS)-5­
benzoyJ-2,3-<1ihydro-lH-pyrrolizine-l-carbol<)'lale.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in methanol, slightly soluble in
ethanol (96 per cent), practically insoluble in methylene
chloride.

Mobile phase Mix 30 volumes of mrahydrofuran R with
70 volumes of a solution prepared as follows: dissolve 5.75 g
of ammonium dihydrogen phosphate R in 900 mL of waterR,
adjust to pH 3.0 with phosphoric add R and dilute to
1000 mL with waterR.

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 313 run.

Injection 10 f1L.
Run time 3 times the retention time of ketorolac.

Identification of impurities Use the chromatogram supplied
with ketorolac trometamol for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C and D.

Relativeretention With reference lO ketorolac (retention
time = about 10 min): impurity C =about 0.5;
impurity A = about 0.6; impurity D =about 0.7;
impurity B = about 0.9.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity Band ketorolac.

Limits:
- correction [acton: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 0.67;
impurity B = 0.52; impurity C = 2.2;

- impurities A, B, G, D: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- unspecified impun'ties: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- lOtal: not more than 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 QC for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 gin 60 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchknic acid, determining the end-point
potentiometrically (2.2. 2U).

I mL of 0.1 M perchloric acid is equivalent to 37.64 mg
of C19H24N206'

STORAGE
Protected from light.

IMPURlTIES
Specified impurities A, B, C, D.

Otherdetectable impuritks (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for phannaceutical use (2034). It is
therefore not necessary w identify these impuniies for
demonstration of romp/janet. Set also 5.10. Control of impurities
in substances for phannaceutical use) E, F, G, H, 1,J.

**** ** ** ****

74103-07-4

OH
<.NH,

HO~OH

376.4

Oyt(lce'H
o

and enantlomer

(Ph. Bur. monograph 1755)

Ketorolac Trometamol

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison hetorolac trametamol CRS.

TESTS
Solution S
Dissolve 0.75 g in carbon dioxide-jree waterR and dilute to
25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1).

pH (2.2.3)
5.7 to 6.7.

Dilute 5 mL of solution S to 15 mL with carbon dioxide-free
waterR.

Absorbance (2.2.25)
Maximum 0.10, determined at 430 nm for solution S.

Related substances
Liquid chromatography (2.2.29). Proua the solutions from
bright lighe
Solvent mixture tetrahydrofuran R, water R (30:70 VII').
Test solution Dissolve 20 mg of me substance to be
examined in me solvent mixture and dilute to 50 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 100.0 mL with the solvent mixture.

Reference solution (b) Dissolve 2 mg of hewrolac trametamol
for peak identification CRS (containing impurities A, B, C
and D) in 5 mL of the solvent mixture.

Column:
- size: 1= 0.25 m, (2) = 4.6 mm;
- stationary phase: ocrylsilyl silica gelfor chromawgraphy R

(5 1lIll);
- temperature: 40 QC.
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('In\-.
~(J

o

A. (IRSj-5-benzoyl-2,3-dihydro-l H-pyrrolizin-l-ol, I. phenyl(2,3-dihydro-IH-pyrrolizin-5-yl)methanone,

('I rv. AO

~NJ
o

000H O

.,p N ---{0,
o CH,

andenantiomer

B. 5-benzoyl-2,3-dihydro-IH-pyrrolizin-I-one,

D. (IRSj-5-benzoyl-I-methoXY-2,3-dihydro-IH-pyrrolizine-l­
carboxylic acid,

(KelOulen Hydrogen Fumoroie, Ph. Bur. monograph
1592)

____________________ PhE"

Ketotifen Fumarate

J. ethyl (I RSj-5-benzoyl-2,3-dihydro-IH-pyrrolizine-l­
carboxylate.

andenanUomer
('I n\-. ,eo,H

~N;']'OCH,
o

C. (IRSj -6-benzoy1-2,3-dihydro-IH-pyrrolizine-l-carboxylic
acid,

and enantlomer

G. methyl (lRSj-5-benzoyl-I-hydroxy2,3-dihydro-IH­
pyrrolizine-I-carboxylate,

H. methyl (lRSj-5-benzoyl-2,3-dihydro-IH-pyrrolizine-l­
carboxylate,

34580-14-8425.5c,,!f,,NO,S

Action and use
Histamine HI receptor antagonist.
PhEil _

DEFINITION
4-(I-Methylpiperidin-4-ylidene)-4,9-dihydro-lOH-benzo
[4,5)cyclohepta[I,2-b)thiophen-10-one hydrogen
(E)-butenedioate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or brownish-yellow, fine, crystalline powder.
Solublilty
Sparingly soluble in water, slightly soluble in methanol,
practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison lucoti/en hydrogen fumarau CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intenselycoloured
than reference solution Y" BY, or B, (2.2.2, Melhod If).

Dissolve 0.2 g in methanol R and dilute to 10 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Cony out the test pro""ted
from ligh'
Solve.. mixture methanol R, water R (50:50 VIV).
Testsolution Dissolve 30.0 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.

andenanUomer

and enanliomer

Q;(j. HO
N ._-{

NHOH

o HOr)
HO

Q;<JH O .

N _.{

OCH,
o

o

~:H' andenan_"

o

E. (I RSj-5-benzoyl-N-[2-hydroxy-l, I-bis
(hydroxymethyl)ethyl]-2,3-dihydro-lH-pyrrolizine-I­
carboxamide,

F. (IRSj-7-benzoyl-2,3-dihydro-1 H-pyrrolizine-I-carboxylic
acid,
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Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve the contents of a vial of
kelOlifen impurity G CRS in 1.0 mL of a solution prepared as
follows: mix 1.0 mL of the test solution with 9.0 mL of the
solvent mixture. Sonicate until dissolution of impurity G is
complete.

Reference solution (c) Dissolve 5 mg of keu>tifen for peak
identification CRS (containing impurity A) in the solvent
mixture and dilute to 5.0 mL with the solvent mixture.

Column:
- size: t=0.15 m, 0 ;;;; 4.0 mm;
- stationary phase: base-deactivated end-capped octadecylsi/yl

silica gelfor chromalography R (3 urn);
- temperature: 40°C.

Mobile phase:
- mobile phaseA: mix 175 IlL of lrielhylamine Rand 500 mL

ofwarer R;
- mobile phaseE: mix 175 ~L of triethylamine Rand 500 mL

of methanol R;

Tho. MobIle phase A Moblle phase B
(min) (per cent JlIJI) (per cent Jim
0-12 40 60

12 - 20 40 ---> to 60 ..... 90

20 - 25 10 90

Flow rale 1.0 mUmin.
Deteaion Spectrophotometer at 297 urn.

Injection 20~.

Idemification of impun"ties Use the chromatogram supplied
with kelOlifen for peak identification CRS and the
chromatogram obtained with reference solution (e) to identify
the peak due to impurity A; use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity G.

Relative retention With reference to ketotifen (retention
time =about 11 min): fumaric acid =about 0.1;
impurity G =about 0.8; impurity A =about 1.9.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity G and ketotifen.

Limits:
- correction faaor: for the calculation of content, multiply the

peak area of impurity G by l.4j
- impun"ty A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impuniy G: not more than 1.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cenf);

- unspecified impun"ties: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent); disregard the peak due to fumaric acid.

Loss 00 drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Ketotifen Fumarate II-59

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in a mixture of 30 mL of acetic anhydride R
and 30 mL of anhydrous acetic acid R. Titrate with 0.1 M
perchlonc acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M perchiotic acidis equivalent to 42.55 mg of
C"H2,NO,S.

IMPURlTIES
Specified impun"ties A, G.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in themonograph. They an' limited by the general acceptance
cruenon for other/unspmfied impurities and/or by the general
monograph Substances for pharmaceutical use (2034). II is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
hi substances for pharmaceutical use) B, C, D, EJ F.

A. 4-(4H-beozo[4,5] cyclohepta[I,2-b] thiophen-4-ylidene)-1­
methylpiperidine,

B. (4RS)-1 0-methoxy-4-(I-methylpiperidin-4-yl)-4H­
benzo[4,5]cyclohepta[I ,2-b1thiophen-s-cl,

C. (4RS)-4-hydroxy-4-( l-methylpiperidin-4-yl)-4,9-dihydro­
1OH-beozo [4,5] cyclohepta [I ,2-b1thiophen-IO-one,

D. 4- [(R.S,)-I-methylpiperidin-4-ylidene]-4,c-dibydro-IOH­
beozo[4,5]cycIohepta[I ,2-b1thiophen-lO-one N-oxide
(ketotifen N-oxide),
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IDENfIFICATION
First identification: A, C, E.
Second identification: A, B.I D, E.
A. Optical rotation (2.2.7): -0.05' to + 0.05', determined on
solution S (see Tests).

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolu,km Dissolve 25.0 mg in a 10.3 gIL solution of
hydro<hlori< acid R and dilute to 250.0 mL with the same
solution.

Spectral range 230-350 om.

Absorption maximum 302 nm.

Specific absorbance at theabsorption maximum 83 to 88.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison labe/alol hydro<hloride CRS.
D. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in I mL of ethanol (96 percen,) R.

Reference solution (a) Dissolve 10 mg of labetalol
hydro<hloride CRS in 1 mL of ethanol (96 per cen\! R.
Reference solu""n (b) Dissolve 10 mg of labetalol
hydro<hloride CRS and 10 mg of propranolol hydro<hloride CRS
in ethanol (96 percen\! R and dilute to 5 mL with the same
solvent.

Pia.. TLC oc,adecylsilyl SIlica gelPm pia.. R.
Mobile phase perchlotic acidR, water R, methanol R
(0.5:50:80 VIVIV).

Application 2~.

Development Place the plate in a chromatographic tank
immediately after the addition oftbe mobile phase, close the
tank and develop over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om.
System suitabi/it;y Reference solution (b):

- the chromatogram shows 2 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

E. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.50 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent. Solution S must befreshly
prepared.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
thanintensity 6 of the range of reference solutions of the
most appropriate colour (2.2.2, Method II).

pH (2.2.3)
4.0 to 5.0 for solution S.

Diastereolsomer ratio
Gas chromatography (2.2.28).

Test solution Dissolve2.0 mg of the substance to be
examined in 1.0 mL of a 12.0 gIL solution of burylboronic
acidR in anhydrous pyridine R and allow to stand for 20 min.
Column:
- material: glass;
- size: I;;;:: 1.5 m, 0 = 4 mm;

32780-64-6364.9

H-, OH H ("1

T
N~

I ,f CH, • HCI
HO ""-

Itseplmer atC' and
o NH2 theirenantiomers

Action and USe

Alpha-and beta-adrenoceptcr antagonist.

Preparations
Labetalol Injection

Labetalol Tablets

(ph. Eur. monograph 0923)

____________________ PIIBr

PIlE" _

F. 4-(1-methylpiperidin-4-ylidene)-4,10-dihydro-9H­
benzo [4,5]cyclohepta[1,2-b]thiophen-9-one,

DEFINITION
Mixture of 4 stereoisomers of2-hydroxy-5-[(13)-I-hydroxy­
2-[[(23)-4-phenylbutan-2-yl]amino]ethyl]benzamide
hydrochloride.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost whitepowder.
Solubility
Sparingly soluble in water and in ethanol (96 per cent),
practically insoluble in methylene chloride.

E. 10-(I-methylpiperidin-4-ylidene)-5,10-dihydro-4H­
benzo[5,6]cyciohepta[l,2-b]thiophen-4-one,

G.4-(I-methylpiperidin-4-ylidene)-4H-benzo[4,5]cyclohepta
[l,2-b] thiophen-9, 10-dione.

Labetalol Hydrochloride
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- stationary phase: silanised diatomaceous earth for gas
chromatography R (125-150 urn) impregnated with
3 per cent mlm of phenyl(50)methy/(50)poIysiloxane R.

Cartiergas nitrogen for chromarography R.
FknJJ rate 40 mUmin.

Temperature:
- column, injection port and detector: 300 QC.

Detection Flame ionisation.

Injection 2 flL.
Systemsuitaln7ity:
- the height of the trough separating the 2 peaks due to the

pairs of dlastereoisomers is less than5 per cent of the full
scale of the recorder.

Limit:
- eachpair of diastereoisomers: for the areaof each peak,

45 per cent (0 55 per cent of the total area of the 2 peaks.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 25.0 mg of the substance to be
examined in mobile phase A and dilute to 10.0 mL with
mobile phase A.
Test solution (b) Dilute 1.0 mL of 'est solution (a) '0
50.0 mL with mobile phase A.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.
Reference solutiOn (b) Dilute 2 mL of test solution (a) '0
100 mL with mobile phase A (solution A). Dissolve 5 mg of
laberalol impurily A CR8 in 50 mL of mobile phase Band
dilute '0 100 mL with solution A.
Reference solution (c) Dissolve 25.0 mg of labetalo/
hydrochloride CRS in mobile phase A and dilute to 10.0 mL
with mobile phase A. Dilute 1.0 mL of the solution to
50.0 mL with mobile phase A.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-eapped ethylene-bridged octadecylsilyl

sllica gelfor chromatography (hybrid material) R (3.5 urn);
- temperature: 40°C.

Mobile phase:
- mobile phase A: phosphoric add R, warer for

chromawgraphy R (0.1:99.9 VIII);
- mobile phaseB: acetonitrile for chromatography R, mobile

phase A (50:50 VIII);

Time Mobile phase A MobUe phase B
(min) (per cent VIII) (per cent VIP)

0-' 100 0

5 - 40 100 ~ 0 0"""* 100

40 - 45 0 100

Flowrate 1.5 mUmin.
Detection Spectrophotometer at 230 nm.

Injection 20 J!L of test solution (a) and reference
solutions (a) and (b).

Idendfication of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relative retention Withreference to labetalol (retention
time : about 22 min): impurity A : about 1.1.

Labetalol Hydrochloride 11-61

Systemsuitability Reference solution (b):
- resolution: minimum 4.5 between the peaksdue to

labetalol and impurity A.
Calculation of percentage contents:
- for each impurity) use the concentration of Iabetalol

hydrochloride in reference solution (a).
Limits:
- unspetified impurities: for each impurity, maximum

0.05 per cent;
- total: maximwn 0.2 per cent;
- reporting threshold: 0.03 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C at a pressure not exceeding 0.7 kPa.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Mobile phase Mobile phase A, mobile phase B (45:55 VIII).
lnjettion Test solution (b) and reference solution (c).
Run time Twice the retention timeof labetalol,
Retention time Labetalol = about 2 min.
Calculate the percentage content of Cl9H25ClN20J taking
into account the assigned content of labetaM
hydrochloride CRS.

IMPURITIES
Otherdetectable impun',;.s (thefollowing substances would, if
present at a sufficien: /wei, bedetected lry oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for otherlunspecified impuniies and/or lry thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnuessary w identify these impurities for
demonstration of camp/iance. See also 5./0. Control of impurit;.s
in substances forpharmaceutical use) A, B, C~ D~ E~ F, G.

,7' H-,OH~~
~ H'CH,

HO~
Co,H its~mer at C' and

lhelrenanUomers

A. mixture of 4 stereoisorners of 2-hydroxy-5-[(13)-I­
hydroxy-2-[[(23)-4-phenylbutan-2-yllamino]ethyl]benzoic
acid,

H', OH ~ ('l

~
~~I '{CH,

HO
its epl'mer atC· and

o OCH3 their enantiomers

B. mixture of 4 stereoisomers of methyl 2-hydroxy-5-[(I3)-I­
hydroxy-2-[[(23)-4-phenylbutan-2-yl]aminolethyll
benzoate,
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H..OHH ~

~
NJJ

",,-I
HO and enantlomer

o NH2

C.5-[(IRS)-2-(benzylamino)-I-hydroxyethyl]-2­
hydroxybenzamide,

T
H'. OH NH'

~ I andenanliomer
HO

o NH2

D.5-[(IRS)-2-amino-l-hydroxyethyl]-2-hydroxybenzamide,

45"'N ",,0 OH

~ I
HN .f .#

T' NH

~ I Ii andenanllomer and
HO epImer at C'

o NH2

E. mixture of 3 stereoisomers of 5,5'-[(2E,5B)-piperazine­
2,5-diyl]bis(2-hydroxy.benzamide),

F. 2-hydroxy-5-[2-[[(2RS)-4-phenylbutan-2-yl]amino]acetyl]
benzamide,

H OH ("'1
B'~"~~

""- 1 H CH,
HO

Itseplmerat C* and
o NH2 lhellenantiomers

G. mixture of 4 stereoisomers of 3-bromo-2-hydroxy-5-[(IS)­
l-hydroxy-2-[[(2S)-4-phenylbutan-2-yl]amino]ethyl]
benzamide.

____~ ~ PhE"

2022

Lacidipine

H
Me N Me

EtOOC CODEl

,p "'" COOBu'

"'"
c,.H,,NO. 455.6 10389().78-4

Acdon and use
Calcium channel blocker.

Preparation
Lacidipine Tablets

DEFINITION
Lacidipine is diethyl (E)-4-{2-[(tert-butoxycarbonyl)vinyl]
phenyl}-I ,4-dihydro-2,6-dimethylpyridine-3,5 -dicarboxylate.
It contains not less than 97.5% andnot more than 102.0%
of C26H33N06, calculated with reference £0 the anhydrous,
propan-2-o1-free substance.

CHARACfERISTICS
A white to pale yellow crystalline powder. It meltsat about
178'.
Practically insoluble in water, freely soluble in acetone;
sparingly soluble in ab'olu,. ethanol.
Cany ou' all of thefollowing proadures prot«tedfrom ligh' and
prepare ,oIutions immediately be/ore use.

IDENTIFICATION
A. The infrared ab'orption spectrum, Appendix II A, is
concordant with the rejerenc. spectrum of Lacidipine (RS 407).

B. In the Assay, the principal peak in the cbromatogram
obtainedwith solution (1) has the sameretention time as the
principal peak in the chromatogram obtained with
solution (2).

TESTS
Propan-2-o1
Carry out the method for gas chromaUJgraphy,
Appendix ill B. Prepare a 0.002% vlv solution of 1,4-dioxan
(internal standard) in dimethYlac.tamide (solution A).

(I) 0.002% vlv solution of propan-2-01 in solution A.

(2) 2% wlv of the substance beingexamined in solutionA.

CHROMATOGRAPHIC CONDITIONS

(a) Use a glass column (60 m x 0.32 mm) bonded with a
film (5 IU") of poIymethYlsi~X(lne (CP-5i1 5CB is suitable).

(b) Use he/ium as the carrier gas at 1.7 mL perminute.
(e) Use a temperature gradient as described below.
(d) Use an injection temperature of 1700

•

(e) Use a detectortemperature of 250'.

(I) Inject 1 I1L of each solution.
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Me N Me
r

B. Diethyl (E)-4-{2-[2-(tert-butoxycarbonyl)vinyI]phenyl}­
2,6-dimethylpyridine-3,5-dicaeboxylate,

A. Ethyl methyl (E)-4-{2-[2-(tert-butoxycarbonyl)vinyl]
phenyl}-1,4-dihydro-2,6-dimethylpyridine-3,5­
dlcarboxylare,

COOMe

"" COOBu'

Me

COOEt

"" COOBu'

Me

EIOOC

EIOOC

the area of any othersecondary peak is not greater than the
area of the principal peak in the chromatogram obtainedwith
solution (2) (0.2%);

the totalnominal content of impurities is not greater than
0.5%.

Water
Not more than 0.2% w/w, Appendix IX C. Use 0.5 g.

ASSAY
Carry out the method for liquid chromatography,
Appendix ill D, using the foUowing solutions.
(1) Dilute 5 volumes of a 0.1%wlvsolution of the substance
beingexamined in absolute ethanol to 100 volumes with the
mobilephase.
(2) Dilute 5 volumes of a 0.1%wlv solution of
lacidipine BPCRS in absolute ethanol ro 100 volumes with the
mobilephase.
(3) Dilute 1 volume of a 0.1% w/v solution of lacidipine
impun·ty standard BPCRS in absolute ethanol to 5 volumes with
the mobile phase.

CHROMATOGRAPHIC CONDITIONS

The chromatographic procedure described under Related
substances may be used.

SYSTEM SUITABILITY

The test is not validunless the chromatogram obtained with
solution (3) closely resembles the corresponding
chromatogram supplied with lacidipine
impurity standard BPCRS.

DETER.r.\UNATION OF CONTENT

Calculate the content of CUH33N 0 6 from the
chromatograms obtainedand using the declared content of
C2.H,,NO. in lacidipine BPCRS.

IMPURITIES

Time (Minutes) Temperature Comment

0-1 60· isothermal

1 - 18 60°-)1100 linear increase
3°/minute

18 -20 110·-.200· linear increase
50o/minute

20-27 200· isothermal

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtained with
solution (1) shows two clearly separated peaks. The retention
time for propan-2-o1 is about 6.2 minutes and that for dioxan
is about 15 minutes.

LIMITS

In the chromatogram obtained with solution (2):

the percentage content of propan-z-ol is not more than
0.5% w/w.

Related substances
Carry out the method for liquid chr<mlaUJgraphy,
Appendix ill D, using the following solutions.
(1) Dilute 1 volume of a 0.1 % wlv solution of the substance
being examined in absolute ethatlol to 5 volumes with the
mobile phase.

(2) Dilute I volume of solution (I) to 500 volumes with the
mobile phase.
(3) Dilute 1 volume of a 0.1 % w/v solution of lacidipine
impurity standard BPCR's in absolute ethanol to 5 volumes with
the mobile phase.

CHROMATOGRAPHIC CONDlTIONS

(a) Use a stainless steel column (25 ern x 4.6 mm) packed
with cyanosi/yl silica gelfor chr<mlaUJgraphy (5 pm) (Spherisorb
CN is suitable).

(b) Use isocratic elution using me mobilephasedescribed
below.

(c) Use a flow rate of 2 mL per minute.

(d) Use an ambientcolumn temperature.
(e) Use a detection wavelength of 240 nm.

(I) Inject 20 ~L of each solution.

(g) If necessary adjust the composition of the mobilephase
so that, in the chromatogram obtained with solution (3), the
retention time of the peak due to lacidipine is about
10 minutes.
(h) For solution (1), allow the chromatography to proceed
for 2 times the retention time of me principal peak.

MOBILE PHASE

3 volumes of absolute ethanol and 97 volumes of tv-hexane,

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtained with
solution (3) closely resembles the chromatogram supplied
with lacidipine impurity standard BPCRS.

LIMITS

In the chromatogram obtained with solution (I):

the area of any peak due to lacidipine impurity B is not
greater than 0.5 times the area of the principal peak in the
chromatogram obtainedwithsolution (2) (0.2%, taking into
account the correction factor of 0.5);
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PbE" _

C. Diethyl (Z)-4-{2-[2-(urt-butoxycarbonyl)vinyl)phenyl}­
1,4-dihydro-2,6-dimethylpyridine-3,5-dicatboxylate.

Enantiomeric pwity
Liquid chromatography (2.2.29): use the normalisation
procedure.
Test solution Dissolve 50.0 mg of the substance to be
examined in the mobilephase and dilute to 50.0 mL with
the mobilephase.
Reference sol",ion (a) Dissolve I mg of lacosamide
impurity A CRS in the mobile phase and dilute to 10.0 mL
with the mobilephase.
Reference solution (b) Dissolve 20 mg of the substance to be
examined in the mobilephase, add 1.0 mL of reference
solution (a) and dilute to 20.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL withthe mobile phase.
Column:
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: amylose den"vative ofsilica gelforchiral

separation R (10 urn).

Mob.7e phase water for chromawgraphy R, 2-propa",,1 R,
heptane R (3:100:900 VIVIJI).
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 215 nm.
Injection 20~ of the test solution andreference
solutions (h) and (c).

Run time 1.7 times the retention timeof lacosamide.
Identification of impnriti<s Use the chromatogram obtained
withreference solution (b) to identify me peak due to
impurity A.

Relative retention Withreference to lacosamide (retention
time =about 25 min): impurity A =about 0.8.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurity A and lacosamide.
Limit:
- impurilyA: maximum 0.15 per cent;
- reporting threshold: 0.05 per cent (reference solution (c)).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of me substance to be
examined in I mL of methanol R and dilute to 10.0 mL with
waterR.
Reference solucion (a) Dissolve 50.0 mg of lacosamide CRS in
I mL of methonol R and dilute to 10.0 mL with wat<r R.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with a mixture of 10 volumes of metha""lRand
90 volwnes of waterR. Dilute 1.0 mL of thissolution to

10.0 mL with the samemixture of solvents.
Reference solution (c) Dissolve 5 mg of lacosamide for SYStem
suitability CRS (containing impurities B, C, G and I) in
0.1 mL of methanol Rand dilure to 1.0 mL with water R.
Reference solution (d) Dissolve I mg of lacosamide
impurity F CRS in 2 mL of methanol R and dilute to 10.0 mL
with wat<r R. Dilute 1.0 mL of the solution to 10.0 mL with
water R.
Column:
- size: 1= 0.15 m, 12) = 4.6 nun;
- stationary phase: end-eaf>Ped extra-dense bonded oayIsilyl silica

gelfor ehromawgraphy R (3.5 pm).

Mobile phase:
- mobile phase A: 0.1 per cent VIVsolution of trifluoroacelic

acid Rj

**** ** ******

175481-16-4

"'"
COOBu'

Me

CODEI

250.3

EtOOC

Me

Action and use
Antiepileptic.

Preparations
Lacosamide Infusion
Lacosamide Oral Solution
Lacosamide Tablets

Lacosamide
(Ph. Eur. monograph 2992)

DEFINITION
(2R)-2-Acetamido-N-benxyl-3-methoxypropanamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost whiteor light yellowpowder.

Solubility
Sparingly solublein water, freely soluble in methanol,
practically insoluble in heptane.
It shows polymorphism (5.9}.

IDENTIFICATION
Carry out either tests A, B or tests B, C.
A. Specific optical rotation (2.2.7): + 14 to + 18 (anhydrous
substance), measured at 25°C.

Dissolve 0.100 g in methatwl R and dilute to 10.0 mLwith
the same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison tacosamide CRS.
If the spectra obtained in the solidstateshow differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.
C. Enantiorneric purity (see Tests).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).
Dissolve 0.500 g in wat<r R and dilute to 50.0 mL with the
samesolvent.
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- mobile phase B: trifiuoroacetic add R, acetonitrile R,
methanol R (0.3:500:500 VIVIV);

Tim. Mobile phase A Moblle pho.se B
(min) (per cent VM (per cent PM
0-2 89 II

2 - 14.2 89 ~ 69 11 -+ 31

14.2 - 19.5 69 -+ 23 31 -+ 77

19.5 - 20 23 ..... 0 77 ....... 100

20·21 0 [00

Flow rare 1.2 mUmin.

Detection Spectrophotometer at 258 run.
Injeuion 20 ~ of the test solutionand reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with lacosamide for system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities B, C, G and Ij use the
chromatogram obtained with reference solution (d) to
identify the peak due '0 impurity F.
Relative retention With reference to lacosamide (retention
time = about 12 min): impurity F = about 0.7;
impurity G =about 0.9; impurity B =about 1.2;
impurity C =about 1.3; impurity I =about 1.6.

System suiUlbility Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

impurity G and lacosamide; minimum 4.5 between the
peaks due '0 lacosamide and impurity B.

Calculation of percentage ,:onrents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity G = 0.7; impurity I = 0.7;

- for each impurity, use the concentration of lacosamide in
reference solution (b).

Limits:
- impun"ties B, C, F, GJ I: for each impurity, maximum

0.15 per cent;
- unspea'fied impuruies: for each impurity, maximwn

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

water (2.5.32)
Maximum 0.2 pet cent, determined on 0.1 50 g by direct
sampleintroduction.

Sulfated ash (2.4. J4)
Maximum 0.1 per cent, determined on 1.0 g"

ASSAY
Liquid chromatograpby (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solution and reference solution (a).
System suitability Reference solution (a):
- symnreoy factor. maximum 2.4 for the peak due '0

lacosamide.
Calculate the percentage content of C13H1SNz0 .3 taking into
account the assigned content of lacosamide CRS.

IMPURITIES
Specified jmpun"ties AJ B, CJ FJ GJ I.
Otherdetectabl« impurities (the following substances would, if
present at a suffici8nt level, be detected Iry oneor other of the rests
in the monograph. They arelimited Iry the general acceptance
,.,;terWn for other/unspecified impurities and/or Iry thegeneral

Lacosamide II-65

monograph Substances for pharmaceutical me (2034). It is
therefore not neussary10 identify these impurities for
demonstration of compliance. Seealso5.J0" Control of impurities
in substances for phannaceutical use) DJ E, H, J, K.

A. (2S)-2-ace,amido-N-benzyl-3-methoxypropanamide,

B. (23)-2-acetamido-3-(benzylamino)-3-oxopropyl acetate,

C. (23)-N-benzyl-3-methoxy-2-(N­
methylacetamidojpropanamlde,

D. (23)-2-amino-N-benzyl-3-methoxypropanamide,

E. (23)-2-amino-N-benzyl-3-hydroxypropanamide.

F. (2B)-2-acetamido-N-benzyl-3-hydroxypropanamide,

G. N-benzylacetamide,

H. (2B)-2-acetamido-N-[(2B)-I-(benzylamino)-3-methoxy-I­
oxopropan-2-yl]-3-methoxypropanamide,
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90.1

Ether-insoluble substances
Dissolve 1.0 g in 25 mL of ether R. The solution is not more
opalescent than the solvent used for the test.

Sugars and other reducing substances
To 1 mL of solution S add 1 mL of 1 M hydrochloric acid,
heat to boiling, allowto cool and add 1.5 mLof 1 M sodium
hydroxide and 2 mL of cupn'-tartaric solution R. Heat to
boiling. No red or greenish precipitate is formed.

Methanol (2.4.24)
Maximum 50 ppm, if intended for use in the manufacture- of
parenteral preparations.

Citric, oxalic and phosphoric acids
To 5 mL of solution S add dilute ammonia Rl until slightly
alkaline (2.2.4). Add I mL of calcium chloride solution R. Heat
on a water-hath for 5 min. Both before and after heating, any
opalescence in the solution is not moreintensethan that in a
mixture of 1 mL of water Rand 5 mL of solution S.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solution S to 15 mL with disnned water R.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with distilled water R.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Bacterial endotoxin. (2.6.14)
Less than5 IU/g, if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins. Before
use, neutralise the test solution to pH 7.0-7.5 with strong
sodium hydroxide solution R and shake vigorously.

ASSAY
Place 1.000 g in a ground-glass-stoppered flask and add
10 mL of water Rand 20.0 mL of I M sodium hydroxide.
Close the flask and allow to stand for 30 min. Using 0.5 mL
of phenolphthalein solution R as indicator, titrate with 1 M
hydrochloric acid until the pink colour is discbarged.

I mL of 1 M sodium hydroxide is equivalent to 90.1 mg
ofC,H.O,.

LABELLING
The label states, whereapplicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

(Ph. Eur. monograph 1771)

C~.O,

PhE", _

(S)-Lactic Acid

______________~ PhE"

DEFINITION
Mixture of (5)-2-hydroxypropanoic acid, its condensation
products, such as lactoyl-lactic acid andpolylactic acids, and
water. The equilibrium between lactic acid and polylactic
acidsdepends on the concentration and temperature.

Lactic Acid

PhE" ~

____________________ PhE"'

K. 2-acetamido-N-benzylprop-2-enamide.

J. phenylmethanamine,

DEFINITION
Mixture of 2-hydroxypropanoic acid, its condensation
products,such as laetoyl-lactic acid and polylactic acids, and
water. The equilibrium between lactic acid andpolylactic
acidsdepends on the concentration and temperature. It is
usuaUy the racemate «RS)-Iactic acid).

Content
88.0 per cent mlm to 92.0 percent mlm of CJH60 3.

CHARACTERS
Appearance
Colourless or slightly yellow, syrupy liquid.

Solubility
Miscible with water and with ethanol (96 per cent).

IDENTIFICATION
A. Dissolve 1 g in 10 mL of waterR. The solution is strongly
acidic (2.2.4).

B. Relative density (2.2.5): 1.20 to 1.21.

C. It gives the reaction of lactates (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in 42 mL of I M sodium hydroxide and dilute
to 50 mL with disn71ed water R.

Appearance
The substance to be examined is not more intensely coloured
thanreference solution Y6 (2.2.2, MethodII).

I. (2B)-N-benzyl-2-[(benzylcarbamoyl)amino]-3­
methoxypropanamide,

(Ph. Eur. monograph 0458)

C,H,;O, 90.1

Preparations
Sodiwn Lactate Infusion
Compound Sodium Lactate Infusion
LacticAcid Pessaries
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PhE<r _

___________________ PhE<r

81025-04-9362.3

H0(;:10H. H
HO HO·· . .

. OH

H~:C~:1' H • ~o
~ OH

OH

(
2.222 90)

50 + 24.18 X" x --;;;- x -;;-

angleof optical rotation (absolute value),
mass of the substance to be examined, in grams,
percentage contentof CJH60J in the substance to be examined.

•
m,

Action and use
Osmotic laxative.

(Ph. Bur. monograph 1337)

Lactitol Monohydrate

DEFINITION
4-0-1l-I>-GaJactopyranosyl-D-g1ucitol monohydrate.

Content
96.5 percent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble in water, slightly soluble (0 very slightly soluble
in ethanol (96 percent), practically insoluble in methylene
chloride.

The complexof (S)-Iactic acidfonned underthese test
conditions is laevorotatory.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

(S) ..enantiomer
Transfer an amount of the substance to be examined
equivalent to 2.00 g of lactic acid into a round-bottomed
flask, add 25 mL of 1 M sodium hydroxide and hoil gently for
15 min. Cool down and adjust to pH 7.0 using 1 M
hydrochlori< acid. Add 5.0 g of ammonium molybdate R.
dissolve and diluteto 50.0 mL with waterR. Filterand
measure the angle of optical rotation (2.2.7). Calculate the
percentage contentof (S)-enantiomer using the expression:

IDENTIFICATION
First identification: B.

Second identification: A, C.

A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lactitol monohydrate CRS.
C. Thin-layer chromatography (2.2.27).

Content
88.0 per cent mtm to 92.0 per cent mlm of C3H60 J, not less
than 95.0 per cent of which is the (S)-enantiomer.

CHARACTERS
Appearance
Colourless or slightly yellow, syrupy liquid.

Solubility
Miscible with water and with ethanol (96 per cent).

IDENTIFICATION
A. Dissolve 1 gin 10 mL of water R. The solution is strongly
acidic (2.2.4).

B. Relative density (2.2.5): 1.20 to 1.2I.

C. It gives the reaction of lactates (2.3.1).

D. 1£ complies with the limits of the assay.

TESTS
Solution S
Dissolve 5.0 g in 42 mL of I M sodium hydroxide and dilute
(0 50 mL with distilled warer R.

Appearance
The substance (0 be examined is not more intensely coloured
than reference solution Y. (2.2.2, Method [f).

Ether-insoluble substances
Dissolve 1.0 g in 25 mL of ether R. The solution is not more
opalescent than the solvent used for me test.

Sugars and other reducing substances
To 1 mL of solution S add I mL of 1 M hydrochWri< acid,
heat to boiling, allow to cool and add 1.5 mL of 1 M sodium
hydroxide and 2 mL of ~p"'-tar1(m'csolution R. Heat to
boiling. No redor greenish precipitate is formed,

Methanol (2.4.24)
Maximum 50 ppm, if intended for use in the manufacture of
parenteral preparations.

Citric, oxalic and phosphoric aclds
To 5 mL of solution S add dilure ammonia RI until slightly
alkaline (2.2.4). Add I mL of calcium chloride solution R. Heat
on a water-bath for 5 min. Both before and after heating, any
opalescence in the solution is not more intensethan that in a
mixture of I mL of waw R and 5 mL of solution S.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solutionS to 15 mL withdistilled water R.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 mL of solution S (0 15 mL with distiUed waW R.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Bacterial endotoxin. (2.6.14)
Less than 5 Wig if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins. Before
use, neutralise the test solution to pH 7.0-7.5 with strong
sodium hydroxUk solution R and shake vigorously.

ASSAY
Place 1.000 g in a ground-glass-stoppered flask and add
10 mL of warer R and 20.0 mL of I M sodium hydroxiik.
Close the flask and allow to stand for 30 min. Using 0.5 mL
of phenolphthalein solution R as indicator, titrate with 1 M
hydrochlori< aciduntil the pink colour is discharged.

1 mL of 1 M sodium hydroxide is equivalent to 90.1 mg of
C,H,O,.
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II-68 Lactitol Monohydrate

Test solution Dissolve 50 mg of the substance to be
examined in methanol R and dilute to 20 mL with the same
solvent.

Reference solution (oJ Dissolve 5 mg of laetiwl
monohydrate CRS in methanol Rand dilute to 2 mL with the
same solvent.
Reference solution (b) Dissolve 2.5 mg of sorbitol CRS
(impurity E) in I mL of reference solution (a) and dilute to
10 mL with me/hanoi R.
Piate TLC silica gel G plate R.
Mobile phase waterR, acetoniuile R (25:75 VIV).
Application 2 JJL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spraywith a-aminobenzoic acid solution R and dry
in a current of cold air until the acetone is removed; heatat
100°C for 15 min and allow '0 cool; spray with a 2 gIL
solutionof sodium petiodate R and dry in a current of cold air;
heat at 100°C for 15 min.

System suitability The chromatogram obtained with
reference solution (b) shows 2 clearly separated SpOlS.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

TESTS
Solution S
Dissolve 5.000 g in carbon dioxide-free water R and dilute to
50.0 mL with the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
than reference solution BY7 (1.1.2, MethodII).

Acidity or alkalinity
To 10 mL of solution S add 10 mL of carbon diexide-jree
waterR. To 10 mL of this solution add 0.05 mL of
pherwlphthalein solution R. Not more than 0.2 mL of
0.01 M sodium hydroxide is required to change the colour of
the indicator '0 pink. To a further 10 mL of the solution add
0.05 mL of methylredsolution R. Not more than 0.3 mL of
0.01 M hydrochloric acid is required to change the colour of
the indicator to red.
Specific optical rotation (1.1.7)
+ 13.5 to + 15.5 (anhydrous substance), determined on
solutionS.

Related substances
Liquid chromatography (1.1.29).

Test solution (a) Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 10.0 mLwith the same
solvent.
Test solution (b) Dilute 2.0 mL of test solution (a) to
50.0 mL with waterR.
Reference solutien (a) Dissolve 5.0 mg of lacri",1
monohydrate CRS and 5 mg ofglycerol R in waterR and dilute
to 25.0 mL with the same solvent.

Reference solutien (b) Dilute 1.0 mL of lest solution (a) '0
100.0 mL with warer R. Dilute 5.0 mL of this solution to
100.0 mL with waterR.
Riference solution (c) Dilute 2.5 mL of reference solution (a)
to 10.0 mL with waterR.

Column:
- size: / = 0.30 m, 0 = 7.8 nun;

2022

- suuionaty phase: strong calion-exchange resin (calcium
fonn) R;

- temperature: 60 "C.
Mobile phase waterfor chromatography R.
F/gw rate 0.6 mlJmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 100 J.l.L; inject test solution (a) and reference
solutions (h) and (c).

Run time 2.5 times the retention time of lactitol,

Relative retention With reference to lactitol (retention
time = about 13 min): impurity A = about 0.7;
impurity B =about 0.8; glycerol =about 1.3;
impurity C = about 1.5; impurity D = about J.8;
impurity E = about 1.9.

System suitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to lactitol

and glycerol.

Limits:
- impurity B: not more than the area of the peakdue to

lactitol in the chromatogram obtained withreference
solution (c) (1.0 per cent);

- totalof other impurities: not more than the area of the peak
due to lactitol in the chromatogram obtained with
reference solution (c) (1.0 per cent);

- disregard /imir: the area of the principal peak in the
chromatogram obtained withreference solution (b)
(0.05 per cent).

Reducing sugars
Maximum 0,2 per cent.
Dissolve 5.0 g in 3 mL of waterR with gentle heating. Cool
and add 20 mL of cupri-eitric solUlien R and a few glass
beads. Heat so that boiling begins after 4 min and maintain
boiling for 3 min. Cool rapidly and add 100 mL of a
2.4 per cent VIV solution of glaciol acetic acid R and 20.0 mL
of 0.015 M iodine. With continuous shaking, add 25 mL of a
mixture of 6 volumes of hydrochloric acidR and 94 volumes
of water R. When the precipitate has dissolved, titrate the
excess of iodine with 0.05 M sodium thiosulfate using I mL of
starch solution R added towards the end of the titration, as
indicator. Not less than 12.8 mL of 0.05 M sodium thiosulfate
is required.

Water (1.5./1)
4.5 percent to 5.5 per cent, determined on 0.300 g.

Sulfuted ash (1.4.1 f)
Maximum 0.1 per cent) determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (1.6.12).

TYMC: acceptance criterion 10' CFU/g (1.6.12).

Absence of Escherichia coli(2.6.13).

Absence of SoimoneUa (1.6.13).

Absence of Pseudomonas aeruginosa (1.6.13).

ASSAY
Liquid chromatography (2.1.29) as described in the test for
related substances with the following modification.
InJection Test solution (b) and reference solution (a).
Calculate the percentage content OfCL2H24011 taking into
account the assigned content of laetitol monohydrace CRS.

IMPURITIES
Specified impurities A, B, C, D, E.
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2022 Lactobionic Acid 11-69

C. n-mannltol,

____________________ ",f<l

D. galactitol (dulcitol),

E. D-glucitol (n-sorbkol).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y5 (2.2.2, MethodIf).

Dissolve 3.0 g in 25 mL of waterR.

Specific optical rotation (2.2.7)
+ 23.0 to + 29.0 (anhydrous substance).

Dissolve 1.0 g in 80 mL of waterR and dilute to 100.0 mL
with the same solvent.Allow to standfor 24 h.

Reducing sugars
Maximum 0.2 per cent) calculated as glucose.
Dissolve 5.0 g in 25 mL of water R with the aid of gentle
heat. Cool and add 20 mL of cupri-<itric solution R and a few
glass beads. Heat so that boilingbegins after 4 min and
maintain boiling for 3 min. Cool rapidly and add 100 mL of
a 2.4 per cent VIV solution of glacial acetic acid Rand
20.0 mL of 0.025 M iodine. With continuous shaking, add
25 mL of a mixrure of 6 volumes of hydrochloric acidR and
94 volumes of water R and)when the precipitate has
dissolved, titrate the excess of iodinewith 0.05 M sodium
thwsulfal< using I mL of slarch solulion R, added towards the
end of the titration, as indicator. Not less than 12.8 mL of
0.05 M sodium thWsulfal< is required.

Water (2.5.1Z)
Maximwn 5.0 per cent, determined on 0.50 g.

Use a mixture of 1 volume ofjormamiJeRand 2 volumes of
methanol R as solvent.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhitepowder.

Solubility
Freelysoluble in water, slightly solublein glacial acetic acid,
in anhydrous ethanoland in methanol.

mp
About 125°C with decomposition.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Iaaobionic acidCRS.
If the spectra obtainedshow differences, dissolve the
substance to be examined and the reference substance
separately in water R, dry at 105°C and record new spectra
using the residues.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in waterR and dilute to I mL with the same
solvent.
Reference solution Dissolve 10 mg of I",,"bionic acid CRS in
water R and dilute to 1 mL with the santesolvent.
Pial< TLC silica gelplate R.
Mobilephase concentrated ammonia Rt, ethyl
acelal< R. water R, methanol R (2:2:2:4 VIVIV/I').
Application 5 ur,
Development Over 3/4 of the plate.

Detection Spray 3 times with ammonium molybdal<
solution R6 and heat in an oven at 110°C for IS min.
Resvlu The principal spot in the chromatogram obtained
with the test solution is similar in positionand colour to the
principal spot in the chromatogram obtained with the
reference solution.

**** ** ** ****

96-82-2

5965-6>-1
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B. 3-G-fJ-o_galactopyranosyl-D-mannitol (lactulitol),

~
O H OH

H ', "'OH
HO \ H

HO H
HO

A. 4-G-fJ-o_galactopyranosyl-D-glucopyranose (lactose),

(ph. Bur. monograph 1647)

Lactobionic Acid

C12H22012 (acid fonn)

C12H, . OIl (/;-laetone)
",f<l _

DEFINTI10N
Mixture in variable proportions of 4-G-~-D-galaetopyranosyl­
n-gluconic acid and 4-G-~-o-galaetopyranosyl-o-glucono-I,5­

lactone.

www.webofpharma.com



11-70 Lactose 2022

____________________ P/lEIr

P/lEIr _

TestsolUlion Dissolve 10 mg of the substance to be
examined in the solventmixture and dilute to 20 mL with
the solvent mixture.
Reference souuion (a) Dissolve 10 mg of anhydrous
lactose CRS in the solventmixture and dilute to 20 mL with
the solventmixture.
Reference solution (b) Dissolve 10 mg offmeroseR, 10 mg of
glucose R, 10 mg of lactose monohydrate Rand 10 mg of
sucrose R in the solvent mixture and dilute to 20 mL with the
solventmixture.
Plate TLC silica gelplate R.
Mobile phase waterR, methanol R, glacial acetic add R,
ethy/ttle chloride R (10:15:25:50 VIVIVII'); measure the
volumes accurately, as a slightexcessof water produces
cloudiness.
Applkalion 2 ~L; thoroughly dry the points of application.

Development A Over 314 of the plate.

DryingA In a current of warmair.
Development B Immediately, over 3/4 of the plate, after
renewing the mobile phase.
DryingB In a current of warmair.
Detection Spray with a solution of 0.5 g of thymol R in a
mixture of 5 mL of sulfuric acidR and 95 mL of ethanol
(96 percenlJ R; heat at 130 "C for 10 min.
System suitability Reference solution (b):

- the chromatogram shows 4 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position) colourand size to
the principal spot in.the chromatogram obtained with
reference solution (a).
C. Dissolve 0.25 ginS mL of waterR. Add 5 mL of
ammonia R and heat in a water-bath at 80 °C for 10 min.
A red colourdevelops.
D. Water (see Tcsts).O

TESTS
Solution S
Dissolve 1.0 g in boilingwaterR, allow to cool and dilute to
10.0 mL with waterR.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2, Method 11).

Acidity or a1kal1nlty
Dissolve 6.0 g by heating in 25 mL of carbon dioxide-free
waterR, cool and add 0.3 mL ofphenolphlhalein solution RI.
The solution is colourless. Not more than0.4 mLof 0.1M
sodium hydroxide is required to changethe colourof the
indicator to pink or red.
Specific optical rotation (2.2.7)
+ 54.4 to + 55.9 (anhydrous substance).

Dissolve 10.0 gin 80 mL of warer R with heating at 50 'C.
Allow to cool and add 0.2 mL of dilure ammonia Ri. Allow
to stand for 30 min and dilute to 100.0 mL with waterR.

Absorbance: proteins and light-absorbing impurities
(2.2.25)
Testsolution (a) Solution S.

Testsolution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with waterR.
Specrral range 400 om for test solution (a) and 210-300 om
for test solution (b).

Results:
- at 400 run: maximum 0.04 for test solution (a);

63-42-3

HO~OH
HO OH

H~ OH

OH
p-Iactose

342.3

HO HO)-O,

H~)-O,~H
~ OH

OH
c-lacicee

Anhydrous Lactose
(Ph. Bur. monograph 1061)

Action and use
Excipient.

Lactose'

Total ash (2.4.16)
Maximum 0.2 per cent.

ASSAY
Dissolve 0.350 g in 50 mL of carbon dioxide-free waterR,
previously heated to 30 °C. Immediately titrate with
0.1 M sodium hydroxide and determine the 2 equivalence
points potentiometrically (2.2.20).

The first equivalence point (VI) corresponds to the acid form
of lactobionic acid and the second equivalence
point (V2 -VI) corresponds to the S-lactone form.

I mL of 0.1 M sodium hydroxide is equivalent to 35.83 mg of
C12H22012o

1 mL of 0.1 M sodium hydroxide is equivalent to 34.03 mg of
C12H2001lo

The sum of the 2 results is expressed as a percentage content
of lactobionic acid.

DEFINITION
o-~-D-Galactopyranosyl-(1...,4)-Il_D-glucopyranoseor
mixture of O-~-D-galactopyranosyl-(1...,4)-«-D-glucopyranose

and o-~-D-galactopyranosyl-(1...,4)-~-D-glucopyranose.

•CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Freelysoluble in water, practically insoluble in ethanol
(96 per:cent) .•

IDENTIFICATION
First identification: A, OD.
Second identification: B, C, m
A. Infrared absorption spectrophotometry (2.2.24).

Comparison anhydrous lactose CRS.

OB. Thin-layer chromatography (2.2.27).

Solvent mixture waterR, methanol R (40:60 VII').

1 This motWgraph hasundergone pharmawpoejal hamwnisaMn.
Seechapter 5.8. Pharmaropoeial haT71i01Walioo.

www.webofpharma.com



2022 Lactose Monohydrate II-71

PhE" _

_____________~ ""E"

S. areaof the peak due to (J~lactose;

S, ana of thepeak due to p..laclose.

**** ** ** ****

Temperature
Cq
80

80 -+ 150

150 -+ 300

300

275 or use cold
on-column injection

325

H20

Time
(min)

0-1

1-3

3-15.5­

15.5 ~ 17.5

360.3

HO HO).-O,

H~).-O,~H'
~ OH

OH

Column

Temperature:

Injection port

Detector

100S.

S. +S.

ices,
Sa+Sb

Calculate the percentage contentof p-Iactose usingthe
following expression:

Detection Flame ionisation.
Injection 0.5 ~L, splil1ess or by cold on-column injection.
Relative retention With reference to p-Iactose (retention
time = about 12 min): a-lactose = about 0.9.
System suitability Reference solution:
- resolution: minimum 3.0 between the peaks due to

e-Iactose and Jl-Iactose.
Calculate the percentage contentof c-lactose usingthe
foUowing expression:

(ph. Eur. monograph 0187)

NOTE: The name Lactose wasfonnerly used in the United
Kingdom.

Loss on drying (2.2.32)
Determine on 1.000 g by drying in an oven at 80 "C for 2 h.
e

Lactose Monohydrate1

Action and use
Excipient.

DEFINITION
o-Il-o-Galactopyranosyl-(1-->4)-«-o-glucopyranose
monohydrate.

l This m01lOgroph hasundergone phanmuopoeiaJ harmonisation.
Seechapter 5.8 Pharmaropoeial harmonisation.

- from 210 run to 220 om: maximum 0.25 for test
solution (b);

- from 270 run to 300 om: maximum 0.07 for test
solution (b).

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g, using a
mixture of I volume offormamide R and 2 volumes of
methanol R as solvent.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

Absence of Escherichia coli(2.6.13).

OFUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when used as an exdpient (see chapter
5.15). Somea/the characteristics dssctibed in the Functionality­
related characteristics seaion may alsobepresent in the mandatory
part0/the monograph since they alsorepresent mandatory quality
criteria. In such cases} a cross-reference to the tests desctibed in the
mandatory partis included in theFunctionality-related
characteristics section. Control of thecharacteristics cancontribute
10 the qualityof a medicinal produa by improving <he consistency
of the manufacturing process and 'he performance of the medicinal
product dwing use. Where control mahods aredIed} theyare
recognised as being suitable for thepurpose} but other methods can
alsobe used. Wherever results for a particular charaCltristk are
reponed, me ""'rrol me/hodmust be indicated.
Thefollowing characreristics may be relevan' for laaose usedas
filler/diluen'in solid tb>sagefonns (compressed and powder).

Particle-size distribution (2.9.31 or 2.9.31f)

Bulk and tapped density (2.9.34)
Determine the bulk density and the tapped density. Calculate
the Hausner ratio.
a-Lactose and p..lactose
Gas chromatography (2.2.21f).

Silylarion reagent dimemy! sulfoxide R,
N-lTimerhylsily/imidazole R, pyridi", R (19.5:22:58.5 VIV/V).

Testsolution Introduce 10 mg of the substance to be
examined into a vialwith a screw cap and add 4 mL of the
silylation reagent. Sonicate for 20 min at room temperature,
allow to cool and transfer 400 !1L to an injection vial.
Add I mL of pyridine R, close the vial and mix weU.

Reference solution Prepare a mixture of a-/aewse
monohydrate Rand P-laclOSt R to obtain an anomeric ratio of
about 1:1 based on the labelled anomericcontents of the
«-lactose monohydrate and the ~-Iactose. Introduce 10 mg of
the mixture into a vialwith a screw cap and add 4 mL of the
silylation reagent. Sonicatefor 20 min at room temperature,
aUow to cool, and transfer 400 ,u.. to an injection vial.
Add I mL of pyridine R, close the vial and mix weU.

fucolumn:
- material: intermediate-polarity deactivated fused silica;
- size: 1= 2 m, 0 = 0.53 mm.

Column:
- material: fused silica;
- size: / = 15 m, 0 = 0.25 mm;
- stationary phase: phenyl(5)merhyl(95)polysiWxane R (film

thickness 0.25 urn).

Carrier gas helium for chromaUJgraphy R.

Flow rate 2.8 mUmin.
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tCHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cenrj.e

IDENTIFICATION
First identification: A, OD.
S«Q1Jd identificati<m: B, C, 1J¢

A. Infrared absorption spectrophotometry (2.2.24).

Comparison lactose monohydrate CRS.
OB. Thin-layer chromatography (2.2.27).

Solventmixture waterR, methanol R (40:60 VII').
Test solution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 20 mL with
the solventmixture.
Reference solution (a) Dissolve 10 mg of lcu:wse
monohydrate CRS in the solvent mixture and dilute to 20 mL
with the solventmixture.
Reference solution (b) Dissolve 10 mg of/rucwse R, 10 mg of
glucose R, 10 mg of lactose monohydrate R and 10 mg of
sucrose R in the solvent mixture and dilute to 20 mL with the
solvent mixture.
Plate TLC silica gelplateR.
klobile phase water R, methanolR, glacialaceticadd R,
ethylene chloride R (10:15:25:50 VIVIVII'); measure the
volumes accurately, as a slight excess of water produces
cloudiness.
Application 2 fll.; thoroughly dry the points of application.

Development A Over 3/4 of the plate.
DryingA In a current of warm air.
Development B Immediately, over 3/4 of the plate,after
renewing the mobilephase.
DryingB In a current of warm air.
Detection Spray with a solution of 0.5 g of thymolR in a
mixture of 5 mL of 'ulfuric acidRand 95 mL of ethanol
(96 percent) R; heat at 130 "C for 10 min.

Systemsuitability Reference solution (b):
- the chromatogram shows4 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).
C. Dissolve 0.25 g in 5 mL of water R. Add 5 mL of
ammonia R and heat in a water-bath at 80°C for 10 min.
A redcolourdevelops.
D. Water (see Tests).O

TESTS
Solution S
Dissolve 1.0 g in boiling waterR, allow to cool and dilute to

10.0 mL with waterR.

Appearance of solution
SolutionS is clear(2.2.1) eand not more intensely coloured
than reference solution BY, (2.2.2, Method1l)O.

Acidity or alkalinity
Dissolve 6.0 g by heating in 25 mL of carbon dioxide-free
waterR, cool and add 0.3 mL of phenolphthalein ,00ution Rl.
The solution is colourless. Not more than 0.4 mL of 0.1 M
sodium hydroxide is required to change the colour of the
indicator to pink or red.

2022

Specific optical rotation (2.2.7)
+ 54.4 to + 55.9 (anhydrous substance).
Dissolve 10.0 g in 80 mL of waterR with heating at 50 "C.
Allow to cool and add 0.2 mL of dilute ammonia RI. Allow
to stand for30 min and dilute to 100.0 mL withwaterR.
Absorbance: proteins and light-absorbing hnpurities
(2.2.25)
Test ,00atum (a) Solution S.
Test souaion (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with waterR.
Spectral range 400 nm for test solution (a) and 210-300 nm
for test solution (b).

Results:
- at 400 run: maximum 0.04 for test solution (a)i
- from 210 nm to 220 run: maximum 0.25 for test

solution (b);
- from 270 run to 300 nm: maximum 0.07 for test

solution (b).

Water (2.5.12)
4.5 per cent to 5.5 pee cent, determined on 0.50 g, usinga
mixture of I volume ofJonnamide R and 2 volumes of
methanol R as solvent.
Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.
Microbial contamination
TAMC: acceptance criterion ]02 CFU/g (2.6.12).

Absence of Escherichia coli(2.6.11).

OFUNCTIONALITY·RELATED CHARACTERISTICS
This section ptooides informatlon on charaaetistics that are
recognised as being relevant control parameters foroneor more
functions of thesubstance when usedas an excipient (see thapter
5.15). Some of the charactetistia described in the Functionality­
related choraaetistia section may alsobe present in the mandatory
part of the monograph since they also represent mandow", quality
cruetia. In sudl cases~ a cross-reference W the tests described in the
mandatory part is included in theFunctWnality-relattd
characteristics section. Control of the characteristics ron contribute
w che qualityof a medicinal produa by improving theconsistency
of the manufacturing process and theperformance of the medicinal
produt'dun'ng use. Where control methods are cited~ they are
recognised as being suitable for the purpose, buc other methods can
also be used. WheI'Wet" results Jora particular characteristic are
reponed, thecontrol method must be indU:aud.
The following characteristics may be relevant for lactose
monohydrate usedas a jil1erldauenl in ,00id dosage forms
(compressed anc1 powder).

Particle size distribution (2.9.31 or 2.9.3/f)

Bulk and tapped density (2.9.34)
Determine the bulk density and the tapped density. Calculate
the Hausner ratlo.c
___________~ ""E<T
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PhE" _

DEFINITION
4-0-Il-D-Galactopyranosyl-D-arabin<>-hex-2-u1ofuranose.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freelysolublein water, sparingly soluble in methanol,
practically insoluble in toluene.

mp
About 168 'C.

IDENTIFICATION
First identifirotion: BJ C, D, E.
Second identificalwn: A, G, D, E.
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50.0 mg of the substance to be
examined in water R and dilute to 10.0 mLwith the same
solvent.

Reference sdution Dissolve 50.0 mg of Iactulose GRS in
water R and dilute to 10.0 mL with me same solvent.

Plate TLC silica gelplate R.
Mobile phase glacial acetic acid R, 50 gIL solution of Iwric
acidR, methanol R, ethyl acetal< R (10:15:20:55 VIVIV/lI).

Applkalion 2 ~L.

Development Over 3/4 of the plate.

Drying At 100-105 'C for 5 min; allow to cool.

Detection Spray with a 1.0 gIL solution of
1,3-dihydroxynaphthalene R in a mixture of 10 volumes of
"'/furic acidR and 90 volumes of methanol R; heat at 110 "C
for 5 min.
Results The principal spot in the chromatogram obtained
with the test solutionis similar in position, colourand size lO

the principal spot in the chromatogram obtained with the
reference solution.
B. Examine the chromatograms obtainedin the assay.
Results The principal peak in the chromatogram obtained
with the test solutionis similar in retention time and size to
the principal peakin the chromatogram obtained with
reference solution (b).

C. Dissolve 50 mg in 10 mL of water R. Add 3 mL of cupri­
tartaric solurion R andheat. A redprecipitate is formed.
D. Dissolve 0.125 gin 5 mL of water R. Add 5 mL of
ammonia R. Heat in a water-bath at 80 °C for 10 min. A red
colourdevelops.
E. Specific optical rotation (see Tests).

TESTS
Solution S
Dissolve3.0 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) andnot more intensely coloured
than reference solution BY5 (2.2.2, Me/hodII).

pH (2.2.3)
3.0 to 7.0.

To 10 mL of solutionS add0.1 mL of a saturated solution
of potassium chloride R.

Specific optical rotation (2.2.7)
-50.0 to -46.0 (anhydrous substance).

Dissolve 1.25 g in waterR, add 0.2 mL of concentrated
ammonia R and dilute to 25.0 mL with waterR.

Related substances
Liquid chromatography (2.2.2!l).

Testsduiion Dissolve 1.00 g of thesubstance to he
examined in 10 mL of waterR. Add 12.5 mL of acetonitrile R
with gentle heating and dilute to 25.0 mL with waterR.
Reference soltuion (a) To 3.0 mL of the test solution add
48.5 mL of acetonitrile R withgentleheating and dilute to
100.0 mL with waterR.
Reference solulion (b) Dissolve 1.00 g of 1actulose GRS in
10 mL of wal<r R. Add 12.5 mL of aceurninile R with gentle
heating and dilute 10 25.0 mL with waterR.
Rqerenu solutwn (c) Dissolve 10 mg of Ioautose R, 10 mg of
epilaetose R (impurity A) and 10 mg of laaose monohydral< R
(impurity C) in 2 mL of water R. Add 2.5 mL of
autonitrile R with gentle heating and dilute to 5 mL with
waterR.
Reference solution (d) To 5.0 mL of the test solution add
47.5 mL of acetonitrile R with gentle heating and dilute to
100.0 mL with wat<r R. Dilute 5.0 mL of this solution to
100.0 mL with a mixture of equal volumes of acetonitrile R
and waterR.
Golumn 1:
- size: 1= 0.05 m, 0 = 4.6 mm;
- stationary phase: aminopropylsi/yl silica gelfor

chromatography R (3 um);
- temperature: 38 ± I 'C.
Golumn 2:
- size: 1= 0.15 m, 0 = 4.6 IDID;
- stationary phase: aminopropylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 38 ± I 'C.

Columns 1 and 2 are coupledin series.
Mobile phase Dissolve 0.253 g of sodium dihydrogen
phosphal< R in 200 mL of waterfor chromatography Rand
dilute to 1000 mL with acetonitrile R.

Flow ral< 1.0 mUmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35 'c).

Injection 20 J.1L of the test solution and reference
solutions (a), (c) and (d).

4618-18-2342.3

HO~HO~OH
HO 00

OH

OH

Action and use
Osmotic laxative.

Preparation
Lactulose Oral Powder

(ph. Eur. monograph 1230)

Lactulose
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Run time Twice the retention timeof lactulose.
Identification of impurities Use the chromatogram obtained
withreference solution (e) to identify the peaks due to
impurities A and C.

Relative retention With reference to lactulose (retention
time =about 18 min): impurity A =about 0.9;
impurity C = about 1.2.

System suitability Reference solution (e):
- peak-to-vaJky ratio: minimum 5.0, where Hp = height

abovethe baseline of the peakdue to impurity A and
HI) = heightabove the baseline of the lowestpointof the
curve separating this peakfrom the peak due to lactulose,

Limits:
- impurity C: not more than the area of the peak due to

Jactulose in the chromatogram obtained with reference
solution (a) (3.0 per cent);

- unspedfied impurities: for each impurity, not morethan
twice the area of me peakdue to lactulose in the
chromatogram obtained withreference solution (d)
(0.5 per cent);

- mud: not more than the area of the peak due to laetulose
in the chromatogram obtained withreference solution (a)
(3.0 per cent);

- disregard limit: the area of the peak due to lactulose in the
chromatogram obtained withreference solution (d)
(0.25 per cent).

The thresholds indicated underRelated substances
(Table 2034.-1) in the general monograph Substances for
pharmaceuticaluse (2034) do not apply.

Methanol
Head-space gas chromatography (2.2.28).

internalstandard solulion Mix 0.5 mL of propanol R and
100.0 mL of waterR. Dilute 1.0 mL of the solution to
100.0 mL with waterR. Dilute 5.0 mL of this solution to
50.0 mL with waterR.
Test solution To 79 mg of the substance to be examined in a
20 mL vial add 1.0 mL of the internal standard solution and
5 1'1. of a 0.1 per cent VIV solution of methanol R.
Reference solution To 1.0 mL of the internal standard
solution in a 20 mL vial add 5 1'1. of a 0.1 per cent VIV
solution of methanol R.
Column:
- size: 1= 2 m, 0 = 2 mm;
- stationary phase: ethy/vinylbenzene-divinylbenzene

ropoIymer R (180 J1I1l).

Carnergas helium for chromatography R.
F/Qw rate 30 mUmin.
Static head-space conditions that may be used:
- equilibration temperature: 60 °c;
- equUibrarion time: I hj
- pressurisation time: I min.
Temperature:
- column: 140 °C;
- injection port: 200 "C;
- detector: 220 "C.

Detection Flame ionisation.
Injeaion 1 mL of the gaseous phase.
Calculate the content of methanol, taking its density (2.2.5)
at 20 "C to be 0.79 glmL.
Limit:
- methanol: calculate the ratio (K) of the area of the peak

due to methanol to the area of the peak due to the
internal standard in the chromatogram obtained with the
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reference solution; calculate the ratio of the area of the
peakdue to methanol to the area of the peakdue to the
internal standard in the chromatogram obtained with the
test solution: thisratio is not greater than2R (50 ppm).

Boron
Maximum 9 ppm.

Avoid where possible the useof glassware.
Reference solution Dissolve50.0 mg of boric acid R in waterR
and dilute to 100.0 mL with the same solvent. Dilute 5.0 mL
of the solution to 100.0 mL with water R. Keep in a well­
closed polyethylene container:
In 4 polyethylene 25 mL flasks, place separately:
- 0.50 g of the substance to be examined dissolved in

2.0 mL of waterR (solution A);
- 0.50 g of the substance to be examined dissolved in

1.0 mL of the reference solution and 1.0 mL of waterR
(solution B);

- 1.0 mL of the reference solution and 1.0 mL of warer R
(solution C);

- 2.0 mL of waterR (solution D).

To each flask add 4.0 mL of ""tate-edetate buffer solution
pH 5.5 R. Mix and add 4.0 mL offreshly prepared
azomethine H solution R. Mix and allow to standfor 1 h.
Measure the absorbance (2.2.25) of solutions A, Band C at
420 nm, usingsolutionD as the compensation liquid.
The test is not valid unless the absorbance of solution C is at
least0.25. The absorbance of solution B is not less than
twice thatof solution A.
Water (2.5.12)
Maximum 2.5 per cent, determined on 0.500 g.
Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 102 CFUfg (2.6.12).

Absence of Escherichia coli (2.6.13).

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Inj«tion Test solution and reference solution (b).

System suitability Reference solution (b):
- symmmyfaaor: 0.6 to 2.0 for the principal peak.

Calculate the percentage contentof ClzH220U laking into
account the assigned contentof laaulose CRS.

IMPURITIES
Spedjiedimpurities C.
Otherdetectable impurities (thefollowing substanm would, if
present at a sufficient levd) bedetected by oneor otherof the tests
in the monograph. They are limited Irythe general aeuptana
criterion for otherfunspecijied impurities. it is therefore ~ot

necessary to identify these impurities for demonstration of
compliance. See also 5.10. Control of impurities in substanm for
pharmaceutical use) A, B) D, E.

HO~HOk~. OH

HO O~
OH

OH

A. 4-G-l\-o-galaetopyraDosyl-n-mannopyranose (epilactose),
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:;)-0,
\L(0H

OH

B. n-galaetopyranose (galactose),

HO~HO~O' OH

HO o~
OH OH

OH

C. 4-o-p-o-galactopyranosyl-D-g1ucopyranose (lactose),

~
OH

HO

HO OH

OH

D.o-arabino-hex-2-ulopyranose (fructose),

GSOH

OHHO

HO OH

E. o-(yxo-hex-2-u1opyranose (tagatose).
____________________ POE'"

Lactulose Solution
(Liquid Lactulose, Ph. Eur. monograph 0924)

Action and use
Osmoticlaxative.

POE", _

DEFINITION
Aqueous solution of 4-0-p-D-ga1aetopyranosyl~D-arabino-hex­

2-ulofuranose nonnallyprepared by alkaline isomerisation of
lactose. It may contain othersugars including lactose,
epilactose,galactose, tagatose and fructose.

Content
Minimum 620 gIL of laetulose (CI2H22011;M, 342.3) and
95.0 per cent to 105.0 per cent of the content of lactulose
stated on the label.

It may contain a suitable antimicrobial preservative.

CHARACTERS
Appearance
Clear, viscous liquid, colourless or palebrownish-yellow.

Solublllty
Miscible with water. It may be a supersaturated solution or
may containcrystals that disappear on heating.
A 10 per cent VIV solution is laevorotatory.

IDENTIFICATION
First identification: B, C, D.
Secondidentification: A, G, D.
A. 1bin-layer chromatography (2.2.27).

Lactulose II-75

Test solution Dilute 0.50 g of the substance to be examined
in waterR and dilute to 50.0 mL with the same solvent.
Reference solution Dissolve 60.0 mg of loctulose GRS in
walerR anddilute to 10.0 mL withthe samesolvent.
Plate TLC silica gelplateR.
MoMe phase glacial acetic acidR, 50 gIL solution of boric
acidR, methanol R, ethylacetate R (10:15:20:55 VIVIVIV).

Application 2 ~L.

Development Over 3/4 of the plate.

Drying At 100-105"C for 5 min and allow to cool.

Detection Spray with a 1.0 gIL solution of
1,3-<1ihydroxynaphlhalene R in a mixture of 10 volumes of
sulfuric addRand 90 volumes of methanol Rj heat at 110°C
for 5 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time to me
principal peakin the chromatogram obtained with reference
solution (b).

C. To 0.1 g add 10 soL of waterR and 3 soL of cupri-umaric
solution R andheat. A redprecipitate is formed,

D. To 0.25 g add 5 soL of waterRand 5 soL of ammonia R.
Heat in a water-bath at 80°C for 10 min. A red colour
develops.

TESTS
Solution S
Mix 109 with carbon dioxide-jree waterR and dilute to
100 mL with the samesolvent.

Appearance of solution
Solution S is clear (2.1./) and not moreintensely coloured
thanreference solution BYj (2.2.2, Method 11).

pH (2.2.3)
3.0 to 1.0.

To 10 soL of solution S add 0.1 soL of a saturated solution
of potassium chloride R.

Related substances
Liquid chromatography (2.2.29).

Testsolution Mix 4.00 g of the substance to be examined
and 20 soL of waterR. Add 25.0 soL of acetonitrile R with
gentle heating and dilute to 50.0 soL with waterR.
Reference solution (a) To 5.0 ml. of the test solution add
41.5 soL of acetonitrile R with gentle heating and dilute to
100.0 soL with waterR.
Reference solu,;"n (b) Dissolve 2.00 g of laaulos« CRS in
20 soL of water R. Add 25.0 soL of acetonitrile R with gentle
heating and dilute to 50.0 ml, with waterR.
Reference solution (c) Dissolve 65 mg of fructose CRS
(impurity D) in a mixture of equal volumes of acetonitrile R
and waterR and dilute to 100.0 soL with the same mixture
of solvents.
Reference solution (d) Dissolve I g of lactulose for peak
identification CRS (containing impurities A, B, C, E, F, G
and H) in reference solution (c) and dilute to 25 mL with
reference solution (c). .

Reference solution (e) Dilute 5.0 mL of reference solution (a)
to 100.0 soL with a mixture of equal volumes of acetonitrile R
and waterR.

www.webofpharma.com



11-76 Lactulose

Column 1:
- size: / = 0.05 m, 0 = 4.6 mm;
- stationary phase: aminopropy/silyl Sl1i<a gelfor

chromatography R (3 ~m);

- temperature: 38 ± 1 "C.

Column 2:
- size: 1= 0.15 In) 0 =4.6 mm;
- suuionary phase: aminopropylsilyl silica gelfor

chromatography R (3 ~m);

- temperature: 38 ± I "C.

Columns 1 and 2 arecoupled in series.
Mobile phase Dissolve 0.253 g of sodium dihydrogen
phosphate R in 200 mL of waterfor chromatography Rand
dilute to 1000 mL with acetonitrik R.
Flow rate 1.0 mUmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35 "C).

Injection 20 IJL of the test solution and of reference
solutions (a), (d) and (e).

Run time Twice the retention time of lacrulose.
Identification of impun"ties Use the chromatogram supplied
with laaulose for peak identification CRS and the
chromatogram obtained with reference solution (d) to
identify the peaksdue to impurities A, B, C, D, E, F, G
and H.

Relative retentiqn Withreference to Iactulose (retention
time = about 18 min): impurity F = about 0.2;
impurity E = about 0.38; impurity D = about 0.42;
impurity B =about 0.6; impurity G =about 0.8;
impurity A = about 0.9; impurity C = about 1.2;
impurity H = about 1.5.

Systemsuitabaily Reference solution (d):
- peak-hYValley ratio: minimum 5.0, where Hp =height

above the baseline of the peakdue (0 impurity A and
H; = height abovethe baselineof the lowest point of the
curveseparating this peakfrom the peakdue to lactulose.

Limlu:
- impun'ljJ B: not more than 3 times the area of the peak

due to lactulose in the chromatogram obtainedwith
reference solution (a) (15.0 per cent);

- impunties A, C: for each impurity, not more than twice the
area of the peakdue to lactulose in the chromatogram
obtainedwithreference solution (a) (10.0 per cent);

- impurities E, F: for each impurity, not more than 0.8 times
the area of the peakdue to lactulose in the chromatogram
obtainedwith reference solution(a) (4.0 per cent);

- impurities G, H: for each impurity, not more than
0.3 times the area of the peakdue to lactulose in the
chromatogram obtainedwith reference solution (a)
(1.5 per cent);

- impurity D: not more than 0.2 times the area of the peak
due to lactulose in the chromatogram obtained with
reference solution (a) (1.0 per cent);

- unspedfied impw;lies: for each impurity, not more than
0.1 times the area of the peakdue to lactulose in the
chromatogram obtainedwith reference solution (a)
(0.5 per cent);

- sum of impurities eluting afterimpurity H: not more than
0.26 times the area of the peakdue to lactulose in the
chromatogram obtainedwith reference solution (a)
(1.3 per cent);

- total (excluding impurities B and C): not more than
2.4 times the area of the peakdue to lactulose in the
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chromatogram obtainedwith reference solution (a)
(12.0 per cent);

- disregard limit: not more than the area of the peakdue to
Iactulose in me chromatogram obtained withreference
solution (e) (0.25 per cent).

The thresholds indicated underRelated substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

Methanol
Head-space gas chromatography (2.2.28).

Internal standard solution Mix 0.5 mL of propanol Rand
100.0 mL of waterR. Dilute 1.0 mL of the solution to
100.0 mL with water R. Dilute 5.0 mL of this solution to
50.0 mL with waterR.
Test solution To 0.13 g of the substance to be examined in a
20 mL vial add 1.0 mL of the internal standard solution and
5 ~L of a 0.1 per cent VIV solution of mahand R.

Reference solution To 1.0 mL of the internal standard
solution in a 20 mL vial add 5 J1L of a 0.1 per cent VIV
solution of methanol R.
Column:
- size: 1= 2 m, 0 = 2 rom;
- stationary phase: ethylvinylbenzene-divinylbenzene

copoIysner R (180 urn).

Comer gas helium for chromatography R.
Fhno rate 30 mUmin.

Statichead-spate conditions that may be used:
- equilibration temperature: 60 °Cj
- equilibration time: 1 h;
- pressurisation time: I min.
Temperature:
- column: 140 "C;
- ittj«u'on parr. 200 °C;
- detector: 220 "C.
Detection Flame ionisation.
Injuu"on I mL of the gaseous phase.
Calculate the content of methanol, taking its density (2.2.5)
at 20 "C to be 0.79 g/mL.
Limit:
- methanol: calculate the ratio (R) of the area of the peak

due (0 methanol to the area of the peakdue to the
internal standard in the chromatogram obtainedwith the
reference solution; calculate the ratio of the area of the
peakdue to methanol to the area of the peakdue to the
internal standard in me chromatogram obtainedwith the
test solution: this ratio is not greater than 2R (30 ppm).

Sulfites
Maximum 30 ppm.

Mix 5.0 g with 40 mL of waterR, add 2.0 mL of 0.1 M
sodium hydroxide and dilute to 100 mL with waterR.
To 10.0 mL of this solution, add 1.0 mL of hydrochm
acid Rt, 2.0 mL of decokJrisedfuchsin solution Rl and 2.0 mL
of a 0.5 per cent ViV solution offormaldehyde R. Allow to
stand for 30 min and measure the absorbance (2.2.25) at
583 nm using as the compensation liquid a solutionprepared
at the same time and in the same manner with 10.0 mL of
waterR instead of the solution of the substance to be
examined. The absorbance is not greater than thatof a
reference solution prepared at the same time and in the same
manner using 10.0 mL of sulfite standard solution (1.5 ppm
SOz) R instead of the solution of the substance to be
examined.
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D.o-arabi,.,.hex-2-ulopyranose (fructose),

C. 4-Q-/l-o-galactopyranosyl-I>-g!ucopytanose (lactose),

E. I>-(yx<>-hex-2-ulopytanose (tagatose),

(Ph. Bur. monograph 2217)

Lamivudine

~OH
HO

____________~ PIlE"

F. (2E,43)-2-(bydroxymethyl)oxolane-2,4-<liol,

G. unknown structure,
H. unknown structure.

e;OH

OHHO

HO OH

HO~HO~O' OH

HO O~
OH OH

OH

~
OH

HO

HO OH

OH

Boron
Maximum 5 ppm.

Avoid where posswle the use oj glassware.
Reference solution Dissolve 56.0 mg of boric acidR in waterR
and dilute to 100.0 mL with the same solvent. Dilute 5.0 mL
of this solution to 100.0 mL with water R. Kup in a well­
closed polyethylene container:
In 4 polyethylene 25 mL flasks, place separately:
- 1.00 g of the substance to be examined and I mL of

water R (solution A)j
- 1.00 g of the substance to be examined and I mL of the

reference solution (solution B);
- 1 mL of the reference solution and I mL of waterR

(solution C);
- 2 mL of water R (solution D).

To each flask, add 4.0 mL of acecaU-edecau blf!fer salution
pH 5.5 R. Mix and add 4.0 mL of freshly prepared
azomethine H solution R. Mixand allowto stand for 1 h.
Measure the absorbance (2.2.25) of solutions A, Band C at
420 nm, using solutionD as the compensation liquid.
The test is not valid unless the absorbance of solution C is at
least 0.25. The absorbance of solution B is not less than
twice thatof solution A.

Sulfated ash (2.4.14)
Maximum 0.2 percent, determined on 1.5 g and calculated
with reference to the declared content of lactulose.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 10' CFU/g (2.6.12).

Absence of Escherichia coli (2.6.11).

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solution and reference solution (b).

Sysum saieability Reference solution (b):
- symmetryfactor: 0.6 to 2.0 for the principal peak.

Calculate the percentage contentofC12H220ll taking into
account the assigned content of lactulose CRS.

LABELLING
The label states the declared contentof lactulose.

IMPURITIES
Specified impurities A, B, C, DJ B, F, G, H.

PIIw _

Action and use
Nucleosidereverse transcriptase inhibitor; antiviral (HIV).

Preparations
Lamivudine Tablets

Zidovudine and Lamivudine Tablets

Abacavir, Zidovudine and Lamivudine Tablets

Abacavir and Lamivudine Tablets

DEFINITION
4-Amino-l-[(2R,5S)-2-(bydroxymethyl)-1,3-oxathiolan-5-yl]
pyrimidin-2(1H)-<lne.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost whitepowder.

HO~HOk~ OH

HO o~
OH

OH

A. 4-0-p-D-galactopyranosyl-D-mannopytanose (epilactose),

:;:J-o,
VOH

OH

B. D-galaetopyranose (galactose),

CsHIlN,O,S 229.3 134678-17-4
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Solubility
Soluble in water, sparingly soluble in methanol, slightly
soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
First identification: B, C.
Secondidentification: A, B.
A. Specific optical rotation (2.2.7): -99 to -97 (dried
substance).

Dissolve 0.250 g in waterR and dilute to 50.0 mL with the
same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison lami'vudine CRS.
If the spectra obtained in the solid stateshow differences,
dissolve the substance to he examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.
C. Enantiomeric purity (see Tests).

TESTS
Absorbance (2.2.25)
Maximum 0.3 at 440 om, using a path length of 4 em.

Dissolve 1.00 g in waterR, using sonication if necessary, and
dilute to 20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.
Reference solurian (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve 5.0 mg of salkyli< acidR in
the mobile phase and dilute to 100.0 mL with the mobile
phase. Dilute 1.0 mL of the solution to 100.0 mL with the
mobile phase.
Reference solution (c) Dissolve 50.0 mg of lamivudine CRS in
the mobile phase and dilute to 100.0 mL with the mobile
phase.
Reference solution (d) Dissolve 5 mg of cytosine Rand 5 mg
of uracil R in the mobile phase and dilute to 100 mL with
the mobile phase. Dilute 2 mL of the solution to 10 mL with
the mobile phase.
Reference solution (e) Dissolve 5 mg of lamiwdinefor system
suitability 1 CRS (containing impurities A and B) in 2 mL of
the mobile phase. Add I mL of reference solution (d) and
dilute to 10 mL with the mobile phase.

Column:
- size: 1:= 0.25 m, 0 := 4.6 mrn;
- Stationary phase: base-de""'vated end-eapped ocuukcylsily/

silica gelfor chromatography R (5 urn);
- temperature: 35°C.

Mobile phase Mix 5 volumes of methanol Rand 95 volumes
of a 1.9 gIL solution of ammonium acetate RJ previously
adjusted to pH 3.8 with glacial acetic acidR.
Flow rau 1.0 mlimin.

Detection Spectrophotometer at 277 nm.
Injection 10 ~L.

Run lime 3 times the retention time of lamivudine.
ldentifirotion of impunties Use the chromatograms obtained
with reference solutions (b) and (e) to identify the peaks due
to impurities A, B, C, E and F.

2022

Relative retention Withreference to lamivudine (retention
time := about 9 min): impurity E := about0.28j
impurity F = about 0.32; impurity A = about 0.36;
impurity B = about 0.91; impurity J = about 1.45;
impurity C = about 2.32.

System suitability Reference solution (e):
- resolution: minimwn 1.5 between the peaks due to

impurities F and Aj minimum 1.5 between the peaks due
to impurity Band lamivudine.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity E := 0.6j
impurity F = 2.2; impurity J = 2.2;

- impun'ty A: not more than 3 times the area of the
principal peakin the chromatogram obtained with
reference solution (a) (0.3 percent);

- impurity B: not more thantwice the area of the principal
peakin the chromatogram obtained withreference
solution (a) (0.2 per cent);

- impurity C: not more than the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.1 per cent);

- any other impuniy: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution(a) (0.1 percent);

- total: not more than 6 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.6 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent),

Enandomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.
Test solution Dissolve 25.0 mg of the substance to be
examined in waterR and dilute to 100.0 mLwith the same
solvent.
Reference solution Dissolvethe contentsof a vial of
lamifJUdineforsystem suitability 2 CRS (containing impurity D)
in 1.0 mL of water R.
Column:
- size: I::;;: 0.25 rn, 0 := 4.6 mm;
- stationary phase: beta-oydodexain derivo've of siti<a gelfor

rhirat separation R (5 um);
- temperature: maintain at constant temperature between

15°C and 30 DC; the temperature may be adjusted to
optimise the resolution between lamivudine and
impurity D: a lower temperature favours improved
resolution.

Mobile phase Mix 5 volumes of methanol R and 95 volumes
of a 7.7 gIL solution of ammonium acetate R.

Flowrate 1.0 mlimin.

Detection Spectrophotometer at 270 om.
Injection I0 ~L.

Run time Twice the retention time of lamivudjne.

Relau've retention Withreference to lamivudine (retention
time =about 8 min): impurity D =about 1.2; impurity B
and enantiomer := about 1.3 and 1.5.
System suitability Reference solution:
- peak-to-'lJll~ratio: minimum IS, where HI' := height

above the baseline of the peak due to impurity D and
Hf} := heightabove the baseline of the lowestpoint of the
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curve separating this peakfrom the peakdue to

lamivudine.
Calculate the sum of the percentage contentsof aU
impurity peakswith a relative retention from 1.2 to 1.5.
Subtract the percentage content of impurity B as obtained in
the test for related substances.
Limit:
- impun"ly D: maximum 0.3 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (c).
Calculate the percentage content of CgHIlN303S using the
chromatograms obtainedwith the test solution and reference
solution (c) and the declared content of CgHllN303S in
lamivudine CRS.

STORAGE
Protected from light.

IMPURlTIES
Specified impuriiies A, B, C, D.
Otherdeteaable impurities (the folk>wing substances would, if
present at a sufficient level, bedetected by one orotheroj the tests
in the monograph. They a.. limited by the general aaeptanct
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for phannaautiall use (2034). It is
therefore not nemsary /() identify these impurities for
demonsrration of compliance. See aiso 5.10. Control of impurities
in substances forpharmaceutical use) EJ F. G~ HJ IJ J.

andenentomer

A. (2RS,5SR)-5-(4-amino-2-oxopyrimidin-1 (2H)-yl)-1,3­
oxathiolane-2-carboxylic acid,

andenanUomer

B. 4-amino-I-[(2RS,5RS)-2-(hydroxymethyl)-I,3-oxathiolan­
5-yl]pyrimidin-2( IH)-one «±)-rrans-lamivudine),

(XI co,H

'" OH

C. 2-hydroxybenzenecarboxylic acid (salicylic acid),

Lamivudine 11-79

D.4-amino-I-[(2S,5R)-2-(hydroxymethyl)-I,3-oxathiolan-5­
yl]pyrimidin-2(1H)-one,

E. 4-aminopyrimidin-2(lH)-one (cytosine),

F. pyrimidine-2,4(IH,3H)-dione (uracil),

G.4-amino-I-[(2R,3S,5S)-2-(hydroxymethyl)-I,3-oxathiolan­
5-yl]pyrimidin-2(1H)-one S-oxide,

H. 4-amino-l-[(2R,3R,5S)-2-(hydroxymethyl)-1,3-oxathiolan­
5-yl]pyrimidin-2(lH)-one S-oxide,

I. 4-amino-I-[(2S,4S)-2-(hydroxymethyl)-1,3-<1ioxolan-4-yl)
pyrimidin-2(1H)-one,
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___________________ "'EII

J. 1-[(2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-5-yl)
pyrimidine-2,4(IH,3H)-dione.

Time MobUe phase A MobUe phase B
(min) (per cent Vm (per cent V/II)

0-4 85 15

'" - 14 85 -> 20 15 -> 80

methanol R. Dilute 5.0 mL of the solution to 100.0 mL with
a 10.3 gIL solution of hydrochlori< acidR. To 4.0 mL of this
solution add 5 mL of methanol R and dilute to 100.0 mL
with a 10.3 gIL solution of hydrochWri< acidR.
Reference ,o/ution (d) Dissolve 10 mg of lamotrigine for peak
identification CRS (containing impurities A, E and F) in
2.5 mL of methanol R and dilute to 50.0 mL with a 10.3 gIL
solution of hydrochlori< acidR.

Blank solution Mix 5 volumes of methanol Rand 95 volumes
of a 10.3 gIL solution of hydrochwnc acidR.

Column:
~ size: 1== 0.15 m, 0 = 4.6 mID;
- stationary phase: base-deoctitated end-capped octaduylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 35°C.

Mobae phase:
- mobile phaseA: ntix I volume of triethylamine Rand

150 volumes of a 2.7 gIL solution of patassium dihydrogen
phosphate R; adjust to pH 2.0 with phosphori< acidR;

- mobr1e phase B: acetonitrile R;

84057-84-1256.1

(Ph. Bur. monograph 1756)

c.H,CI,N,

Lamotrigine

Action and use
Antiepileptic.

Preparations
Lamotrigine Dispersible Tablets

Lamotrigine Tablets

I'IIEII _

DEFINITION
6-(2,3-Dichlorophenyl)-I ,2,4-triazine-3,5-diamine.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost whitepowder.
Solubility
Very slightly soluble in water, slightly soluble in anhydrous
ethanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison lamomgine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20 mg of the substance to be
examined in 5 mL o(methanol R and dilute to 100.0 mL
with a 10.3 gIL solution of hydrochwri< acidR.

Reference ,o/ution (a) Dissolve 5 mg of lamotrigine for'Y''''''
suitabaity CRS (containing impurity G) in 2.5 mL of
methanol R and dilute to 25.0 mL with a 10.3 gIL solution of
hydrochlori< acidR.
Reference 'o/ution (b) Dilute 1.0 mL of the test solution to
100.0 mL with a 10.3 gIL solution of hydrochwri< acidR.
Dilute 2.0 mL of this solution to 10.0 mL with a 10.3 gIL
solution of hydrochwri< acidR.
Reference ,o/ution(c) Dissolve 5.0 mg of lamotrigitul
impurity B CRS in a mixture of 0.25 mL of hydrochwri<
acidR and 45 mL of methanol R and dilute to 50.0 mL with

Flowrate 1.0 mUmin.

Detection Spectrophotometer at 270 nm.

Injection 10 J1L of the test solution, reference
solutions (a), (h) and (d) and the blank solution.

Identification of impurities Use the chromatogram supplied
with Iomotngine for peak identification CRS and the
chromatogram obtained withreference solution (d) to
identify the peaks due to impurities A, E andF; use the
chromatogram supplied with lamotrigine for system
suitability CRS and the chromatogram obtained with
reference solution (a) to identify the peak due to impurity G.
Relativeretention With reference to lamotrigine (retention
time =about 7 min): impurity G =about 1.1j
impurity A =about 1.3; impurity E =about 1.7;
impurity F =about 1.8.

Systemsuiuzbi!ity Reference solution (a):
- peak-to-Valley ratio: minimum 1.2, where Hp =height

above the baseline due to impurity G and H. =height
above the baseline of the lowest point of the curve
separating thispeakfrom the peak due to lamotrigine.

Limits:
- correction factor: for the calculation oC content, multiply the

peak area of impurity F by 1.3;
- impurity F: not more than the area of the principal peak in

the chromatogram obtained withreference solution (b)
(0.2 per cent);

- impurities A, G: for eachimpurity, not morethan
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.1 per cent);

- unspecified impun'ties: foreach impurity) not more than
0.5 times the area of the principal peak in the
chromatogram obtained withreference solution (b)
(0.10 per cent);

- total: not more than the area of the principal peakin the
chromatogram obtained withreference solution (b)
(0.2 per cent);
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- disregard limit: 0.25 times the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent); disregard any peak due to impurity E.

Impurity E
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Mobile phase acetonitrile for chromatography R, mobile
phase A (35:65 VW).

Detection Spectrophotometer at 210 nm.
lnj'ecuon Test solution and reference solutions (d) and (c).
Run time 10 min.
Retention time Impurity E = about 5.5 min;
impurityF = about 8.5 min.
Systemsuitability Reference solution (d):
- the chromatogram obtained is similar to the

chromatogram supplied with lamotrigine for peak
idemlfication CRS.

Limit:
- impun"IY E: not more than the area of the corresponding

peakin the chromatogram obtained with reference
solution (c) (0.1 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 2.000 g by drying in
an oven at 105 "C at a pressure not exceeding 0.7 kPa
for 3 h.

Sulfated ash (2.4.14)
Maximum0.1 per cent, determined on 2.0 g.

ASSAY
Dissolve 0.200 gin 60 ml, of anhydrous acetic acidR. Titrate
with 0.1 M perchlori< acid,determining the end-point
potentiometrically (2.2.2U). Carry out a blank titration.

1 mL of 0.1 M perchlori< acid is equivalent to 25.61 mg
of C,H,CI2N,.

IMPURITIES
Specified imPurities A, B, F, G.
Otherdetectable impuri,ies (thefollowing substances would, if
present a' a sufficien' level, bedetected by oneorother of the rests
in the monograph. They arelimited by thegeneral aaeptance
cn"non for other/unspecified impun'cies and/or by lhe general
monograph Substances for pharmaceucical ust (2034). It is
therefore not necessary to identify these impurities for
demonstration of camp/iance. See also 5.10. Conrrof of impuri,ies
in substances JOTphannaceurical use) B~ C, D.

C. (2Z)-[2-(diaminomethyJidene)diazanyJidene](2,3­
dlchlorophenyhacetonitrile,

D.6-(2,3-dichlorophenyl)-I,2,4-triazine-3,5(2H,4H)-<lione,

ycCo,H

~I
CI

CI

E. 2,3-dichlorobenzoic acid,

F. N-[5-amino-6-(2,3-dichlorophenyl)-I,2,4-triazin-3-yl]-2,3­
dichlorobenzamide,

G.6-(2,4-dichlorophenyl)-1,2,4-triazine-3,5-diamine.
_~ PIlE"

QNH CH,

NAs~O,-/CF,

(, ~~ andenantlomer

103577-45-3369.4

(Ph. Bur. motlograph 2219)

Lansoprazole

Action and use
Proton pump inhibitor; treatment of pepticulcerdisease.
Preparations
Lansoprazole Gastro-resistant Capsules
Lansoprazole Gastro-reaistant Tablets

H,NyNH,

~CNyCI
CI

A. 3-amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one,

B. (2B)-[2-(diaminomethyJidene)diazanyJidene](2,3­
dichlorophenyl)acetonitrile,
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PhE" _

DEFINITION
2-[(RS)-[[3-Methyl-4-(2,2,2-triIluoroethoxy)pyridin-2-yl]
methyl]sulfinyl]-IH-benzimidazole.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or brownish powder.

Solubility
Practically insoluble in water, soluble in anhydrous ethanol,
veryslightly soluble in acetonitrile.
It shows polymorphism. (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Iomoprozole CRS.
H the spectra obtained in the.solid state show differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.

TESTS
Appearance of solution
The solution is clear(2.2.1) and not more intensely coloured
than reference solution B, or BY, (2.2.2, MethodII).
Dissolve 1.0 g in dimethylfonnamide R and dilute to 20 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the ,oIutions
immediatelY before use and protect themfrom ligh'
Solvent mixture Mix 1 volume of ,n'elhylamine R and
60 volumes of water R and adjust to pH 10.5 with pho,phori<
acid R; mix this solution with 40 volumesof acetonitrile Rl,
Test solution Dissolve 10 mg of the substance to be
examinedin the solvent mixture and dilute to 10 mL with
the solventmixture.
Reference solution (a) Dissolve the contentsof a vial of
lansoprazole for peak identification CRS (containing
impurities A and B) in 1.0 mL of the solventmixture.
Reference solution (b) Dilute 2.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference solution (c) Dissolve 5 mg of
2-hydroxyben2imidazole R (impurity D) and 5 mg of
2-mercaptobenzimidazole R (impurity E) in the solvent mixture
and dilute to 100 mL with the solvent mixture. Dilute 1 mL
of this solution to 10 mL with the solvent mixture.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm,
- stationary phase: end-capped amidohexadecy/ri/yl s~ica gelfor

chromatography R (5 j1IIl).

Mobile phase Mix I volume of triethylamine R and
60 volumes of waterR and adjust to pH 6.2 with phosphoric
acta R;mix this solutionwith 40 volumes of autonirri!e Rl.

Flow rate 1"2 mlzmln.
Deteaion Spectrophotometer at 285 nm.
Injection 10 IlL.
Run time 3 times the retention time of lansoprazole.
ldenn'jication of impurirres Use the chromatogram supplied
with lansoprazole for peak identification CRS and the
chromatogram obtained with reference solution (a) to

2022

identify the peaksdue to impurities A and B: use the
chromatogram obtainedwith reference solution (c) to identify
the peaksdue to impurities D and E.
Re/ative retention Withreference to lansoprazole (retention
time =about 7 min): impurity D =aboutO.4j
impurity A = about O.5j impurity E = about 0.6;
impurity B = about 1.2.
System sut"lability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

lansoprazole and impurity B.
Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity E by O.4j
- impun"ty B: not more than twice the area of the principal

peak in me chromatogram obtained withreference
solution (b) (0.4 per cent);

- impurities AJ D, E: for each impurity, not more than
0.5 times the area of the principal peakin me
chromatogram obtained withreference solution (b)
(0.1 per cent);

- ,unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the .
chromatogram obtained withreference solution (b)
(0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.6 per cent);

- disregard limit. 0.25 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Water (2.5.32)
Maximum 0.1 per cent, determined on 0.150-0.200 g using
the evaporation technique:
- remperature: 50-70 "C;
- heatinglime: 15 min;
- flow rate: 150 mUmin.

SuIfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 40 mL of ethonol (96 per <en!) Rand
dilute to 50 mL with waterR. Titrate with 0.1 M sodium
hydroxMe, determining the end-point potentiometrically
(2.2.21J).
I mL of 0.1 M sodium hydroxide is equivalent to 36.94 mg of
C 1oH14F,N,O,S.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impun'ties A, BJ D, E.
Otherde"f'tab/e impurities (thefollowing substances would, if
present eU!a sufficient level, be det«ud by oneorotherof the tests
in the monograph. They arelimited by thegenerol acceptance
criterion for other/unspecified impurities and/or by thegenerol
monograph Substances for phannaceutical use (2034). It is
therefore nOI necessary to identify these ;mpw;lies for
demonstration of compliance. See also5.10. Control of impun·ties
in substances for pharmaceutical use) C, F.
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DEFINITION
Propan-2-yl (5Z)-7-[(IR,2R,3R,5S)-3,5-<1ihydroxy-2-[(3R)-3­
hydroxy-5-phenylpentyl]cyclopentyl]hept-5-enoate.

Content
94.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, colourless or yellow, viscous, oily liquid.

Solubility
Practically insoluble in water, very soluble in acetonitrile,
freely soluble in anhydrous ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference SjJ«trnm of laumoprost.
B. Specific optical rotation (see Tests).

TESTS
Specific optical rotation (2.2.7)
+ 32.0 to + 37.0 (anhydrous substance).

Dissolve 0.100 g in "",lOnirrile R and dilute to 10.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29). Cany ourthe test prore<red
from tighr.
Test solution Dissolve 20.0 mg of the substance to be
exantined in 2 mL of anhydrous erhanol R and dilute to
10.0 mL with heptane R.
Referena solution (a) Dissolve the contents of a vialof
kuanoprou for syuem milability CRS (containing impurities E
and F) in 200 Il1. of anhydrous erhanol R then add 800 Il1. of
heptane R.
ReferenC8 solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with hepume R. Dilute 1.0 mL of this solution to
10.0 mL with heplane R.
ReferenC8 solurion (e) Dissolve 20.0 mg of latanopros: CRS in
2 mL of anhydrous erhanol R and dilute to 10.0 mL with
heplane R.

Column:
- size: 1= 0.25 m, '" = 4.6 mID;
- slationary phase: silica gdfor chromatography R (5 fllIl);
- temperature: 30°C.

Mobile phase anhydrous ethanol R, heptane R (6:94 VW).

FbJw rare 1.3 mUmin.
Detection Spectrophotometer at 210 om.
Injection 10 J.Il. of me test solution and reference
solutions (a) and (b).

Run time Twice the retention timeof latanoprost.
Identificarion of impurities Use the chromatogram supplied
with kuanoprost for sysrem milamlity CRS and the
chromatogram obtained withreference solution (a) to
identify the peaks due to impurities E and F.

ReJau've retention Wirh reference to Jatanoprost (retention
time =about 16 min): impurity E =about 0.9;
impurity F =about I. I.
System mitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

latanoprost and impurity F.
Calculation ofpercentage conrenrs:
- for-each impurity, use the concentration oflatanoprost in

reference solution (b).

PII'<I _

130209-82-4432.6

HO i
H H

Q,r ~::CI andenantJomer
N ~ I

o N.,p

B. 2-[[[3-methyl-4-(2.2,2-trifluoroethoxy)pyridin-2-yl)methyl]
sulfonyl]-IH-benzimidazole,

C. 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)pyridin-2-yl)methyl]
sulfanyl)-I H-benzimidazole,

A. 2-[(RS)-[[3-methyl-I-oxido-4-(2,2,2­
trifluoroethoxy)pyridin-2-yl]methyl]sulfinyl)-I H­
benzimidazole)

D. IH-benzimidazol-2-ol,

E. IH-benzimidazole-2-thiol,

(ph. Eur. monograph 2230)

F. 2- [(RS)-[(4-chloro-3-methylpyridin-2-yl)methyl)sulfinyl]­
IH-benzimidazole.

Latanoprost

____________________ PII,<I

Action and use
Prostaglandin analogue; treatment of intraocular pressure
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Limits:
- impurity F: maximum 3.5 per cent;
- impurity E: maximum 0.4 per cent;
- unspedfied impurities: for each impurity, maximum

0.10 per cent;
- sum oj impun"ties other than F: maximum 1.0 per cent;
- reponing threshold: 0.05 per cent.

Impurity H
Liquid chromatography (2.2.29).

Soloen; mixture acetonilrile R, waleT R (30:70 VIV).

Test solution Dissolve 25.0 mg of me substance to be
examined in the solvent mixture and dilute (0 25.0 mL with
the solvent mixture.
Reference so/utUm (a) Dissolve the contents of a vial of
!atonoprost impurity H CRS in 1.0 mL of me solventmixture.
Reference solution (b) To 50 ~L of the test solution add
450 ~ of reference solution (a).

Column:
- size: 1= 0.15 m, 0 = 4 nun;
- stalionary phase: base-deactivated end-capped oeuuJecylsilyl

silica gelfor chromatography R (5 um);
- temperature: 60 "C.
Mobile phase:
- mobile phase A: phosphoric acidR, acetonitrile Rl, waleT for

chromatography R (0.1:30:70 VIVIV);
- mobile phaseB: phosphori< acid R, waleT for

chromatography R, acetonitrile Rl (0.I:Z0:80 VIVIV);

L\1PURITlliS
Specified impurities E, F, H.
Otherdeuctable imputities (thefollouring substances would, if
present at a sufficient level) be delated by oneor other of the tests
in the monograph" Theyare limited by thegeneral acuplance
cmenon for otherlunspedfied impurities andJor by thegeneral
monograph Substances for pharmaceutical use (2034). II is
therefore not neunary to identify these impun"ties for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A) B) C) D, 0, J.

A. propan-z-yl (5Z)-7-[(IR,ZR,3R,5S)-Z-[(3R)-3­
(fonnyloxy)-5-phenylpentyl]-3,5-dihydroxycyclopentyl]
hept-S-enoate,

Time Mobile pbase A MobUe phase B
(min) (per cent I'm (per cent I'll?
0-9 100 0

9 ~ 10 100 -J 0 0 ..... 100

10 - 15 0 100

B. propan-Z-yl (5Z)-7-[(IR,ZR,3R,5S)-3-(fonnyloxy)-5­
hydroxy-Z-[(3R)-3-hydroxy-5-phenylpentyl)cyclopentyl)
hept-s-enoate,

0 0
"

i"""YP~OyCH,

V 0 CH,

HO····
H HO H

C. peopan-Z-yl (5Z)-7-[(lR,ZR,3R,5S)-5-(fonnyloxy)-3­
hydroxy-Z-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]
hept-s-enoate,

D. peopan-Z-yl 5-(diphenylphosphoryl)pentanoate,

E. propan-Z-yl (5Z)-7-[(lR,2R,3R,5S)-3,5-dihydroxy-Z­
[(3S)-3-hydroxy-5-phenylpentyl]cyclopentyl]hept-5­
enoate,

Fhno rate 1.0 mllmin.

Detection Spectrophotometer at 200 run.

Injection 50 J1L.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurity H.

Relative retention With reference to latanoprost (retention
time =about lZ min): impurity H =about 0.7.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity Hand latanoprost.
Calculation of percentage contenr.
- use the concentration of impurity H in reference

solution (a).

Limit:
- impun'ty H: maximwn 0.15 per cent"

Water (2.5.32)
Maximum 0.50 per cent, determined on 0.100 g"

ASSAY
Liquid chromatography (2.2.29) as desctibed in the test for
related substances with the following modifications.
Injection Test solution and reference solution (c).
Calcuiate the percentage content of G..oH-t005 taking into
account the assigned content of latanoprost CRS.

STORAGE
At a temperature of 2 °C to 8°C.
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HO

This monograph applies to laurcmacrogol 400 used as active
substance.

CHARACTERS
Appearance
White or almost white, unctuous and hygroscopic mass,
melting at 24°C into a colourless or yellowish, viscous
liquid.

Soluhility
Freely soluble in water, very soluble in acetone and in
ethanol (96 per cent).

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Saponification value (see Tests).
C. Wann the substance to be examined in an incubator at
50°C for I h until fully molten and clear. Transfer 50 mL to
a wannedcloud-point tube (flat-bortomed glass tube
30-33.5 mm in internal diameter and 115-125 mm high).
Insert the tube into a cooling bath thatallows the outer
surface, of the tube to be in contact with chilled air,
contained within a cylindrical metal container (internal
diameter 9.5-12.5 mm greater than the external diameter of
the sample tube, 115 mm high) that is surrounded by iced
water. The baseof the glass tuberests on a 6 mm thick cork
disc, whichprevents direct thermal contact withthe cooled
metal cylinder. Stirthe substance to he examined
continuously with a thermometer so that the temperature is
constant throughout the substance. Periodically lift the tube
out. of the coolingbath to check forsigns of cloudiness at the
bottom of the tube. Examine the tube against a bright light
source. Whencloudiness is first observed, check more
frequently until the substance becomes completely cloudy
and the thermometer, suspended in the centre of the
substance, is only justvisible when viewed horizontally.
Record.the temperature. It is 20 QC to 25 QC.

TESTS
Appearance
The moltensubstance to be examined is clear (2.2.1) and
not more intensely coloured thanreference solution GY6

(2.2.2, Method 1).

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of carbon dioxide­
free waw R and 10 mL of ethanol (96 perunV R.
Add 0.1 mL of bromothymd bluesolution Rl. Not more than
0.5 mL of 0.1 M hydrodJloric add is required to change the
colourof the indicator to yellow.
Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl value (2.5.3, Method A)
90 to 105, determined on 2.0 g.

Iodine value (2.5.4, Method A)
Maximum 2.0.

Peroxide value
Maximum 5.0.

Introduce 10.0 g into a 100 mL beaker, dissolve with glacial
acetic acid R and dilute to 20 mL with the samesolvent.
Add 1 mL of saturated potassium iodide solution R, mix and
aUow to stand for I min. Add 50 mL of carbon d.,xitk-jree
waterR. Titrate with 0.01 M sodium lhiosulfau, determining
the end-point potentiometricaUy (2.2.20). Carry out a blank
titration.

Lauromacrogol 400

H. (5Z)-7-[(IR,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy­
5-phenylpentyl]cyc1opentyllhept-5-enoic acid,

OH .0 CH3
H i H . n A
···~o CH3

(ph. Bur. monograph 2046)

Action and use
Non-ionic surfactant; sclerosant.

J. propan-2-yl (5Z)-7-[(lR,2R,3R,5S)-2-[(3R)-5-phenyl-3­
[(triethylsilyl)oXYlpentyI1-3,5-bis[(triethylsilyl)oXYl
cyclopentyljhept-S-enoate.

G. methyl (5Z)-7-[(IR,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3­
hydroxy-5-phenylpentyl]cyc1opentyllhept-5-enoate,

Pf>E" ~ _

F. propan-2-yl (5E)-7-[(IR,2R,3R,5S)-3,5-dihydroxy-2­
[(3R)-3-hydroxy-5-phenylpentyllcyc1opentyllhept-5­
enoate,

H ?HH
. "'~C02H

DEFINITION
Mixture of lauryl alcohol (dodecano!) monoethers of mixed
macrogols. It may contain some freemacrogols and it
contains various amounts of free lauryl alcohol. The number
of moles of ethylene oxide reacted permole of lauryl alcohol
is 9. The nameof the substance is followed by a number
(400) corresponding approximately to the average molecular
mass of the macrogol portion.

____________________ Pf>E",
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Determine the peroxidevalue using the following expression:

(nr - n,) xMx 1000

m

Rl volume of 0.01 M sodium thiosulfate required for the substance
[0 be examined, in millillrres;

"2 volume of 0.01 M sodium dJiosrllf/l1e required for the blank
titration, in millilitresj

oM molarity of the sodium thiosulfate solution. in moles per litre;
m mass of the substance to be examined. In grams.

Saponificadon value (2.5.6)
Maximum 3.0.

Free lauryl alcohol (dodecanol)
Gas chromatography (2.2.28).

Test solution Dissolve 0.200 g of the substance to be
examined in acetone R and dilute to 10.0 mL with the same
solvent.

Reference solution Dissolve 2.00 g of Iauryl alcohol R in
acetone R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 50.0 mL with acewne R.
Column:
-'material: fused silica;
- size: 1= 30 m, 0 = 0.25 nun;
- stationary phase: phenyl(5)methy/(95)polysiloxane R (film

thickness 0.1 urn).

Carnergas helium for chromawgraphy R.

Flow rate I mlJmin.

Split ratio 50: I.
Temperature:

AI xm,x200
m, x (A, +2A,)

In, mass of the subslance 10 beexamined in the lest solution,in

""'"';
1n2 massofm~ 1000R in reference solution(a). ingrams;
Al area of the peak due to freemacrogols in thechromatogram

obtained with the testsolution;
A2 area of the peak due co macrogol 1000 in the chromatogram

obtained withreference solution(a)j
A] area of the peak due to macrogollOOO in the chromatogram

obtained withreference solution(b).

- stationary phase: hydroxylated po/ymethacryiate gelR (6 urn)
witha pore size of 12 nm.

Connect bothprecolumns to the columnusinga 3-wayvalve
and switchthe mobile phase flowaccording to the following
programme:
- 0-114 s: precolumn I and column;
- 115 s to the end: precolumn 2 and column;
- 115 s to 8 min: flow back of precolumn I.
Mobile phase waler R, methanol R (2:8 VIV).

Flow rate 1.1 mllrnin.

Deuction Refractometer.
Injection 20~.

Calculate the percentage contentof free macrogols using the
foUowing expression:

Limit:
- free macrogols: maximum 3.0 per cent.

Average chain length of the fatty alcohol and average
number of moles of ethylene oxide
Nuclearmagnetic resonance spectrometry (2.2.33).
Testsolution IT the substance is in the solid stateat room
temperature, heatgentlybefore sampling. Dissolve 0.4 mL of
the substance to be examined in 0.3 mL of a mixture of
I volume of deuterated methanol R and 2 volumes of deuterated
chlaroform R, containing 0.1 mollL of chromium(IIl)
acety/acetonate R as a relaxation aid.
Apparatus High resolution FT~NMR spectrometer
operating at minimum 300 MHz.
Acquisition of HC NMR speara The following parameters
may be used:
- sweep width: 250 ppm (-15 ppm to 235 ppm);
- irrad;"tion frequency offser. 110 ppm;
- timedomain: 64 K;
- pulse delay: 3 s;
- pulse program: zgig 30 (inverse gated, 30° excitation pulse);
- dummy scans: 4;
- number of scans: 2048.

Processing and plotting The following parameters may be
used:
- size: 64 K (zero-filling);
- window multiplication: exponential;
- Loremeian broadening factor. I Hz.
Use the CD,OD signal for shift referencing. The shift of the
central peakof the multiplet is set to 49.0 ppm.
Plot the speetral region B0.0-80.0 ppm. Compare the
spectrum with the spectrum in Figure 2046.-1. The shift
values lie near the values given in Table 2046.-1.

120

120 -oJ 350

350

300

350

Temperature
Cq

Tim.
(min)

0-1

I - 23

23 - 33

Column

Injectionport

Detector

Detection Flame ionisation.
b!iection 1.0~.

ReleJltion time Lauryl alcohol= about5 min.
Limit:
- free Iauryl alcohol: not more than the area of the

corresponding peak in the chromatogram obtained with
the reference solution (2.0 per cent).

Free macrogols
Size-exclusion chromatography (2.2.30).

Testsolution Dissolve 5.0 g of the substance to be examined
in the mobile phase and dilute to 250.0 mL with the mobile
phase.

Reference solution (a) Dissolve about 0.4 g of macragol
1000 R in the mobile phase and dilute to 250.0 mL with the
mobile phase.
Reference solution (b) Dilute 50.0 mL of reference
solution (a) to 100.0 mL with the mobile phase.

Precolumns (2):
- size: 1= 0.125 m, 0 = 4 mm;
- stationary phase: spherical oaadecylsi/yl siliea gelfor

chromawgraphy R (5 urn) with a pore size of 10 nm.

Column:
- size: l = 0.30 m, 0 = 7.8 mm;
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Figure 2046.-1. - HC NMR spearum oflauromaaogol400

The average number of moles of ethylene oxide is calculated
using the following expression:

System suitability:
- signal-to-noise ratio: minimum 150, for the smallest

relevant peak (CHa at 73.1 ppm);
- peak widthat half-keighr. maximum 0.05 ppm, for the

central CDCh signal (at 6 78.6 ppm).

Calculation af the averoge chainleugth of thefattY a/aJhol and
the average number of moles of ethylene oxide Deline the signal
at 23.2 ppm as 1.000 and nonnalise the integrals of the other
signals listed in Table 2046.-1.

The average chain lengthof the fatty alcohol is calculated
using the following expression: .

1:14- 33 11\',1 +1,.,72.6

Lauroyl Macrogolglycerides

___________________ PIlE"

(ph. Eur. monograph 1231)

Action and use
Excipient.

PIIEOI _

The sum of the normalised integrals of the signals at
62 ppm, 71 ppm and 73 ppm corresponds to the average
number of methylene groups in the macrogol part of
lauromacrogol 400.

Limits:
- averogechain length of thefattY a/aJhol: 10.0 to 14.0;
- average numberof moles of ethylene oxide: 7.0 to 11.0.

Ethylene oxide and dloxan (2.4.25, MethodA)
Maximum 1 ppm of ethylene oxideand maximwn 10 ppm
of dioxan.
Water (2.5.12)
Maximum 2.0 per cent, determined on 0.500 g.

Total ash (2.4.16)
Maximum 0.2 per cent, determined on 2.0 g.

DEFINITION
Mixtures of monoesters, diesters and triesters of glycerol and
monoesters and dlestersof macrogols with a mean relative
molecular mass between 300 and 1500.

They are obtained by partial alcoholysis of saturated oils
mainly containing triglycerides of lauric (dodecanoic) acid,
usingmacrogo], or by esterification of glycerol and macrogol
withsaturated fatty acids, or by mixing glycerol esters and
condensates of ethylene oxide with the fatty acids of these
hydrogenated oils.

0.989

1.000

1.001

7.410

0.963

1.001

16.25

0.998

0.929

NormaUsed integrals

normalised integral of the signals at 62 ppm.
71 ppm and 73 ppm respectively.

0.5x (1",62 + I.,,, + I.,7J)

= sum of the normalised integrals of me signabfrom
14 ppm to 33 ppD1j
normalised integral of thesignalat 72.6 ppm.

en, 14.'1

CH2 (alkylchain) 23.2

CH 1 (alkyl chain) 255

CH2's (alkylchain) 30

CH2 (alkylchain) 32.5

CH2 (-CHrOH) (end eRr 61.6
groupofmacroaol)

CH/s (macrogol) 70.7
CH2 (R-CH-O-macrogol) (CH2 72.6
in alphaposition)

CH2 (macrogol) 73.1

Signal ShIft (ppm)

Table 2046.-1. - Shift values

1",12.6

1"'621 1..,11. 1"'73
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CHARACTERS
Appearance
Paleyellow waxysolid.
Solubility
Dispersiblein hot water, freely soluble in methylene chloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test sdtuion Dissolve 1.0 g of the substance to be examined
in methylene chlo,ide R and dilute to 20 mL with the same
solvent.
Piase TLC silica gelplate R.
Mobae phase hexane R, etherR (30:70 VIII).
Application 10 ~L.

Development Over a path of 15 em.
Drying In air.

Detection Spraywith a 0.1 gIL solution of rhodamine B R in
ethanol (96 percent) R and examine in ultraviolet light at
365 nm.

Results The chromatogram shows a spot due (0 triglycerides
with an Rp value of about 0.9 (RJ, J) and spots due to
1,3-diglycerides (R" 0.7), to 1,2-diglycerides (R" 0.6), to
rnonoglycerides (Rsr0.1) and to esters of macrogo1 (Rn 0).
B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

TESTS
Drop poInt (2.2.17)
Introduce into the cup the substance to be examined, which
has been meltedby heatingfor 1 h in an oven at
100 ± 2 QC, and allow to standfor 5 h at about5 QC.

Peroxide value (2.5.5, MethadA)
Maximum 6.0, determined on 2.0 g.
Saponlficadon value (2.5.6)
Use 2.0 g.

Acid value (2.5.1)
Maximum 2.0, determined on 2.0 g.

Hydroxyl value (2.5.3, MetlwdA)
Use 1.0 g.

Ethylene oxide units
per molecule

(nominal value)

6

8

12

32

Ethylene oxide units
per molecule

(nominal value)

6

8

12

32

Ethylene oxide unlts
per molecule

(nominal value)

6

8

12

32

Type ofmacrogol

300
400
600

1500

Type ofmacrolJol

300

400
600
1500

Type of macrogoI

300
400

600
1500

Drop point

33 - 38

36 ~ 41

38 - 43

42.5·47.5

Hydroxyl value

65·85
60 - 80

50 -70

36 - 56

SaponIfication value

190 ~ 204

170· 190

150 - 170

79 - 93

Alkaline impurities
Introduce 5.0 g into a test tube and carefully add a mixture,
neutralised if necessary with 0.01 M hydrochloric acidor with
0.01 M sodium hydroxide, of 0.05 mL of a 0.4 gIL solution of
bromophenol blueR in ethanol (96 perWII) R, 0.3 mL of
wal<r Rand 10 mL of ethalWi (96 percent) R. Shake and
allow to stand. Not more than 1.0 mL of 0.01 M hydrochloric
acid is required to change the colour of the upper layerto
yeUow.

Free glycerol
Maximum 3.0 per cent
Dissolve 1.20 g in 25.0 mL of methylene chloride R. Heat if
necessary. After cooling, add 100 mL of waterR. Shake and
add 25.0 mL of periodic acetic acidsolurian R. Shake and allow
to stand for 30 min. Add 40 mL of a 75 gIL solution of
potassium iodide R. Allow to stand for I min. Add I mL of
starch solution R. Titrate the iodine with O. J M sodium
thiosulfate. Carryout a blank titration.

I mL of 0.1 M sodium thiosulfate is equivalent to 2.3 mg of
glycerol.

Composldon offatty acids (2.4.22, MetlwdA)
Composition of thefatly-aCid fraction of the substanct:
- caprylic acid: maximum 15.0 per cent;
- capric acid: maximum 12.0 per cent;
- lauric acid: 30.0 per cent to 50.0 per cent;
- myristic acid: 5.0 per cent to 25.0 per cent;
- palmiticacid: 4.0 per cent to 25.0 per cent;
- steam arid: 5.0 per cent to 35.0 per cent

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethyleneoxide and maximum 10 ppm
ofdioxan.

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g. Use a mixture
of 30 volumes of anhydrous methanol R and 70 volumes of
methylene chlon"de R as solvent.

Total ash (2.4.16)
Maximum 0.1 per cent.

LABELLING
The label states the type of macrogol used (mean relative
molecular mass) or the numberof units of ethyleneoxide per
molecule (nominal value).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as being relevant romrol parameters forone or more
functions of the subsUlnce when used as an excipient (see chapter
5.15). Some of the characteristics described in 'he FtOtClionality­
relaud characteristics section may also bepresent in the mandatory
part of the monograph since theyalsorepresent mandatory quah'ty
ctitetia. In such cases, a cross-reference to the testsdescribed in the
mandatory part is induded in the FtOtClionality-relat<d
charaaetistics section. Control of thecharaaenstics can contn·bute
to the qllality of a medicinal product ~ improving the consistency
of the manufacturing process and theperformanet of the medicinal
product dun·ng use. J.\7hm control methods areciud, theya~
recognised as beingsuitable for the purpose) butother methods can
alsobe used. Wherever resullS for a particular characteristic a~
reported, thecontrol method must be indicated;
Thefollowing characteristics may be releua.. for laUl'oyl
macrogolglycerides usedas self-emulsifying agents, solubaisers,
modified-release agents and wemngagents for powders and tablets.
Hydroxyl value
(see Tests).
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____________________ 1'11,«

I'll'" _

Reference solution (c) Dissolve 25.0 mg of Ieflunomide CRS in
5 mL of aceronitrile forchromarography R and dilute to
50.0 mL with the mobile phase.

Reference solution (d) Dissolve the contentsof 1 vial of
Ieflunomide forpeak identification CRS (containing impurities B
and C) in 2.0 mL of the mobile phase and sonicate for
10 min.

Column:
- size: 1= 0.125 m, '" = 4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromarography R (5 urn).

Mobile phase Mix 5 volumes of trielhylamine R with
650 volumes of waterfor chromatography RJ adjust to

pH 3.4 ± 0.1 with phosphoric acidR and add 350 volumes of
acetonitrile for chromatography R.
Flqw ral< 1.0 mllmin.

'Deuaion Spectrophotometer at 210 run.

Injection 20~ of test solutions (a) and (b) and reference
solutions (a), (b) and (d).

Run time Twice the retention time of leflunomide.
Identification of imp-wilks Use the chromatogram supplied
with l#tunomide forpeak identification CRS and the
chromatogram obtained with reference solution (d) to

identify the peaks due to impurities Band C.
Relative retention Withreference to leftunomide (retention
time = about 25 min): impurity B = about 0.2;
impurity A =about 0.4; impurity C =about 0.9.

System suitability Reference solution (d):
- peak-to-val/ey ratio: minimum 3, whereHp = heightabove

the baseline of the peak due to impurity C and
H" = heightabovethe baseline of the lowestpoint of the
curveseparating thispeakfrom the peakdue to
leflunomide.

Limits Test solution (a):
- impurity B: not more than3 times the area of the

principal peakin the chromatogram obtained with
reference solution (a) (0.3 per cent);

- sum of impuritks C andE: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- unspecified impun"tits: for each impurity, not more thanthe
area of the principal peak. in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- sum oj impurities other dum B: not more twice the area of
the principal peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Lim-Ii Test solution (b):
- impurity A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.01 per cent).

Los. on drying (2.2.32)
Maximum 0.3 per cent, determined on 1.000 g by drying in
VQClU) at 60 'C for 4 h.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (a) and reference solution (c).

**** ** ** ****

270.2

Leflunomide
(Ph. Bur. monograph 2330)

Action and use
Immunomodulator.

Preparation
Leflunomide Tablets

DEFINITION
5-Methyl-N-[4-(trifluoromethyl)phenyl]isoxazole-4­
carboxamide.

Content
98.0 per cenr to 102.0 'per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite powder.

Solublilty
Practically insoluble in water, freely soluble in methanol,
sparingly soluble in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Heat the substance to be examined and the
reference substance at 130°C for 10 min.
Comparison Ieflunomitk CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Store allsolutions proteaed
from lighe
Test solution (a) Dissolve 25.0 mg of the substance to be
examined in 5 mL of aceronitrik forchromarography R and
dilute to 50.0 mL with the mobile phase.

Test solution (b) Dissolve 0.125 g of the substance to be
examined in 5 mL of aceronitrik forchromarography Rand
dilute to 50.0 mL with the mobile phase.

Reference solution (a) Dilute 5.0 mL of test solution (a) to
50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 12.5 mg of Ieflunomide
impurity A CRS in 5 mL of acetQ1Iitn'le for chromarography R
and dilute to 100.0 mL with the mobile phase. Dilute
10.0 mL of the solution to 100.0 mL with the mobile phase.
Dilute 2.0 mL of this solution to 100.0 mL with the mobile
phase.

Saponification value
(see Tests).

Composition of fatty acids
(see Tests).
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Calculate the percentage contentof C12H9F~202 from the
declared contentof /eflunomide CRS.

STORAGE
Protected from light.

IMPURITlliS
Specified impurities A, B.

Other detectable impurities (me following substances would, if
present at a sufficient level, bede~ted by one orother of the tests
in the monograph. They arehini/d by the general acceptance
criterion for omer/unspecified impurities ondlor by the general
monograph Substances for pharmauuticaluse (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance; See also 5.10. Control of impurities
in substances forpharmaceutical use) G, D, E, F, G, H.

2022

H.2-cyano-N-[4-(trifluoromethyl)phenyl]acetamide.
____________________ PhE"

Letrolole
(Ph. Bur. monograph 2334)

A. 4-(trilluoromethyl)aniline, 285.3 112809-51-5

B. (2Z)-2-cyano-3-hydroxy-N-[4-(trilluoromethyl)phenyl]but­
2-enamide (teriflunomide),

C. 5-methyl-N-[3-(trilluoromethyl)phenyl]isoxazole-4­
carboxamide,

D. 5-methylisoxazole-4-carboxylic acid,

E. 3-methyl-N-[4-(trilluoromethyl)phenyl]isoxazole-4­
carboxamide,

F. 5-methyl-N-[2-(trifluoromethyl)phenyl]isoxazole-4­
carboxamide,

G.5-methyl-N-(4-methylphenyl)isoxazole-4-carboxamide,

Action and use
Aromatase inhibitor; treatment of breast carcinoma.

Preparation
Letrozole Tablets

PhE" _

DEFINITION
4,4'-[( IH-l,2,4-T riazol-I-yl)methylene] dibenzonitrile.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor yellowish, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, sparingly soluble in methanol.

IDENI1FICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison letrozokCRS.

TESTS
Related substances
liquid chromatography (2.2.29).

Tensdution (a) Dissolve 25.0 mg of the substance to be
examined in 15 mL of acelOnilri/e R and dilute to 50.0 mL
with wa,...R.
Test solution (b) To 2.0 mL of test solution (a) add 30 mL
of acetanitrik R and dilute to 100.0 mL with waterR.
Reference solution (a) Dilute 2 mL of test solution (a) to
10 mL with a mixture of 30 volumes of acelOnitrik R and
70 volumes of water R. Dissolve the contents of a vialof
letrozole impurity A CRS in 1 mL of this solution.

Reference solution (b) To 2.0 mL of test solution (a) add
30.0 mL of acetonitrile R and dilute to 100.0 mL with
lOa,... R. To 1.0 mL of this solution add 6.0 mL of
aalOnitri1e R and dilute to 20.0 mL with wa,... R.
Reference solution (c) Dissolve 25.0 mg of letrozale CRS in
15 mL of acetanitnk R and dilute to 50.0 mL with lOa"" R.
To 2.0 mL of this solution add 30 mL of acetanitrik R and
dilute to 100.0 mL with wa,... R.
Column:
- size: / = 0.125 m, 0 = 4.6 rnm;
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- stationary phase: end-capped oaadecylsilyl silica gelfor
chromatography R (5 pm).

MoMe phase:
- mobile phase A: waterfor chromatography R;
- mobile phase B: amonitrilefor chromatography R;

Time
(min)

Mobile phase A
(per cent vm

Mobile phase B
(per cent YIP)

eN

eN

0-4
4 - 29

70
70 --> 30

30

30 --* 70
B. 4,4' ,4"-methaneniyltribenzonitriJe.
___________________ PhE<I

PhE<I _

61-90-5131.2

(Ph. Eur. monograph 0771)

Action and use
Amino acid.

DEFINITION
(2S)-2-Amino-4-methylpentanoic acid.

'Product of fermentation or of protein hydrolysis.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystaUine powder or shiny flakes.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent). It dissolves in dilute mineral acids and in
dilute solutions of alkali hydroxides.

IDENTIFICATION
Fint identification: A, B.
Second identification: A, C.

A. Specificopticalrotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24)

Comparison leucine CRS.
C. Thin-layer chromatography (2.2.27).

Test soluWm Dissolve 10 mg of the substance to be
examined in a 10.3 gIL solution of hydrochloric acidRand
dilute to 50 mL with the samesolution.
Referenasolution Dissolve 10 mg of leucine CRS in a
10.3 gIL solution of hydrochloric acidR and dilute 10 50 mL
with the same solution.
Plate TLC silica gelplate R.
Mobile phase glacial acetic acid R, 'Water R, butanol R
(20:20:60 VIV/JI).
Applicatum 5 ~L.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydrin solution R and heat at 105°C
for 15 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand slze to

Leucine

- unspecified impurities: for each impurity, maximum
0.10 per cent; .

- total: maximum0.3 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.3 per cent, determined on 1.00 g. Use a
validated pyridine-free iodosulfurous reagent.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solution (b) and reference solution (c).

Syuem suitability Reference solution (c):
- symmenyfactor. maximum 1.7 for the peak due to

letrozole.

Calculate the percentage content of C17HIIN5 from the
assigned contentof lerrozole CRS.

IMPURITIES
Otherdetecrable impurities (the following substances would, if
present at a sufficient/evel, bedetected by oneor other of ehe tests
in the monograph. They a.. limiud by the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notn«essary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forphannaceurica/ use) A, B.

Flawrate 1.0 mIJrnin.

Detection Spectrophotometer at 230 nm.

Injecu"on 20 pL of test solution (a) and reference
solutions (a) and (b).

Identification of impun"tits Use the chromatogram obtained
withreference solution (a) to identify the peakdue to
impurity A.

RelaN"ve retention With reference to letrozole (retention
time =about 13 min): impurity A =about 0.6.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurity A and letrozole.

Calculation of percentage contents:
- for each impurity, use the concentration of letrozole in

reference solution (b).
Limits:

A. 4,4'-[(4H-I,2,4-triazol-4-yl)methylene]dibenzonitrile,
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the principal spot in the chromatogram obtained with the
reference solution.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, MethodIf).
Dissolve 0.5 g in a 103 gIL solution of hydrochloric acidRand
dilute to 10 mL with the same solution.

Specific optical rotation (2.2.7)
+ 14.5 to + 16.5 (dried substance).

Dissolve 1.00 g in hydrochloric acidR1 and dilute to 25.0 mL
with the sameacid.
Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method I.

The concentrations of the test solutions and the reference
solutions may be adapted according to me sensitivity of the
equipment used. The concentrations of aU solutions are
adjusted so that the system suitability requirements described
in general chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.
Solution A dilute hydrochloric acid Rl or a samplepreparation
buffer suitable for the apparatus used.
Testsolution (a) Dissolve 30.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solutionA.
Test sduuon (b) Dilute 1.0 mL of test solution (a) to
25.0 mL with solution A.

Reference 'olution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with solution A..Dilute 2.0 mL of this solution to
10.0 mL with solution A.

Riference solution (b) Dissolve 30.0 mg of isoleucine R
(impurity A) in solution A and dilute to 100.0 mL with
solution A. Dilute 1.0 mL of the solution to 250.0 mL with
solution A. Dilute 1.0 mL of this solution to 10.0 mL with
solutionA.
Reference 'olution (c) Dissolve 30.0 mg of proline R in
solution A and dilute to 100.0 mL with solution A. Dilute
1.0 mL of the solution to 250.0 mL with solution A.

Reference 'olution (d) Dilute 6.0 mL of ammonium standard
solution (100 ppm NH<i R to 50.0 mL with solution A. Dilute
1.0 mL of this solution to 100.0 mL with solution A.

Reference solution (e) Dissolve 30 mg of isoleucine R
(impurity A) and 30 mg of leucine R in solution A and dilute
to 50.0 mL with solution A. Dilute 1.0 mL of the solution to
200.0 mL with solution A.

Blank ,olution Solution A.

Inject suitable, equal amounts of the test solutions, blank
solution and reference solutions (a), (b), (c) and (e) into the
amino acid analyser. Run a program suitable for the
determination of physiological aminoacids.
System suitability Reference solution (e):
- resolution: minimum 1.5 between the peaksdue to

impurity A and leucine.
Calculou'on of percentage contmts:
- for impurity A in test solution (b), use the concentration

of impurity A in reference solution (b);
- for any ninhydrin-positive substance detectedat 570 run

in test solution (a), use the concentration of leucinein
reference solution (a);

- for any ninhydrin-positive substance detectedat 440 run
in test solution (a), use the concentration of proline in
reference solution (c); if a peakis above the reporting

2022

threshold at both wavelengths, use the resultobtained at
570 nm for quantification.

Limits:
- impuniy A at 570 nm: maximum 0.8 per cent;
- any n;nhydrin-positive substance: for each impurity,

maximum 0.2 per cent;
- "'tal: maximum 1.0 percent,
- reponing threshold: 0.05 per cent.

The thresholds indicated underRelated substances
(Table 2034.-1) in the general monograph Substances for
phannaceutica1 use (2034) do not apply.

Chlorides (2.4..f)
Maximum 200 ppm.

Dissolve 0.25 g in waterR and dilute to 15 mL with the
same solvent.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in 3 mL of dilute hydrochloric acid R and dilure
to 15 mL with distaled water R.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.
Jnj~tion Test solution(a), reference solution (d) and blank.
solution.
Limit:
- ammonium at 570 nm: not more than the area of the

corresponding peakin the chromatogram obtained with
reference solution (d) (0.02 per cent), taking into account
the peakdue to anunoniwnin the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 g in 10 mL of daute
hydrochloric acidR. Shake with 3 quantities, each of 10 mL,
of methyl isobu~ ketone RI, shaking for 3 min each time.
To the combined organic layers add 10 mL of waterRand
shake for 3 min. Use the aqueous layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4. I.f)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 3 mL of anhydrous formic acidR.
Add 30 mL of anhydrous acetic acidR. Titrate with O. I M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M fJerC/!1oric acidis equivalent to 13.12 mg of
C.H13N02 •

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Otherdetectable impurities (thefollowing sub,tances uiouId, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limited by the general cuaptance
criterion for other/unspecified impurities. It is therefore not
necessary to identify these impurities for demonstration of
compliance. Seealso 5.10. Control of impurities in sub,tances for
pharmaceutical use) B, C, D, E.
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IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs of potossium bromide R.
Comparison Ph. Eur. reference spectrum of leuproreJin.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (b).

C. Amino acid analysis (2.2.56). For hydrolysis use
Method I and for analysis use Method I.
Express the content of each amino acid in moles. Calculate
the relative proportions of the amino acids taking one seventh
of me sum of me number of moles of histidine, glutamic
acid, leucine, proline, tyrosine and arginine as equal to 1.
The valuesfall withinthe following limits: serinepresent;
glutamic acid = 0.85 to 1.1; proline = 0.85 to 1.1;
leucine =1.8 to 2.2; tyrosine =0.85 to 1.1;
histidine =0.85 to 1.1 and arginine =0.85 to 1.1. Not more
than traces of otheramino acids arepresent, with the
exceptionof tryptophan.

TESTS
Specific opdcal rotation (2.2.7)
-38.0 to -42.0 (anhydrous and acetic acid-free substance).

Dissolve the substance to be examined in a I per cent VIV
solution of glacial autic add R to obtain a concentration of
10.0 mg/mL.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.
Testsolution (a) Dissolve the substance to be examined in
the mobile phase to obtain a concentration of 1.0 mglmL.
Tm solulion (b) Dilute 0.5 mL of test solution (a) to
10.0 mL with the mobile phase.

Reference solulion (a) Dissolve leuproreJin CRS in the mobile
phase to obtain a concentration of 1.0 mglmL.
Reference solulion (b) Dilute 0.5 mL of reference solution (a)
to 10.0 mL with the mobile phase.

Resolution solution Dilute 5.0 mL of reference solution (a) to
50.0 mL with warer R. To 5 mL of the solution add 100 J1L
of 1 M sodium hydroxide and shake vigorously. Heat in an
oven at 100 ·C for 60 min, cool inunediately and add 50 ~L

of dilute phosphoric acidR. Shake vigorously.

Column:
- size: / = 0.10 m, 0 = 4.6 nun;
- stationary phase: octade<y/silyl silica gelfor chromatography R

(3 um).

Mobile phase Dissolve about 15.2 g of triethylamine R in
800 mL of warer R, adjusl to pH 3.0 with phosphoric acidR
and dilute to 1000 mL with water R. Add 850 mL of this
solution to 150 mL of a mixture of2 volumes ofpropanol R
and 3 volumes of aatonitri/e R.
Flow rate 1.0-1.5 mUmin.

Deuction Spectrophotometer at 220 DID.

Inj«tion 20 J1L of test solution (a) and the resolution
solution.
Run time 90 min.
Relative retention With reference to leuprorelin (retention
time =41-49 min): impurity E =about 0.7;
impurity F =about 0.7; impurity H =about 0.78;
impurity A = about 0.8; impurity B = about 0.9;
impurity I = about 0.94; impurity J = about 1.09;

53714-56-01209

Action and use
Gonadotropin releasing hormone (gonadorelin) analogue;
treatment of prostate cancer.

Preparadon
I..euprorelin Injection

Leuprorelin

ri:X N1
/'0.

H rHls-T,p-ser-Tyr-o-leu-Leu-Arg-Pro-~ CH3

o

(Ph. Eur. Motwgraph 1442)

DEFINITION
5-0xo-L-prolyl-L-histidyl-L-ttyptophyl-L-seryl-L-tyrOsyl-D­
leucyl-L-Ieucyl-L-arginyl-N-ethyl-L-prolinamide.

Synthetic nonapeptide analogue of thehypothalamic peptide,
gonadorelin. It is obtained by chemical synthesis and is
available as an acetate.

Content
97.0 per cent to 103.0 per cent (anhydrous and acetic acid­
free substance).

CHARACTERS
Appearance
Hygroscopic, whiteor almost whitepowder.

C. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),

E. (2S)-2-amino-3-methylbutanoic acid (valine).

B. (2S)-2-amino-4-(methylsulfanyl)butanoic acid
(methionine),

P/JE<r _

A. (2S,3S)-2-amino-3-methylpentanoic acid (isoleucine),

D. (2S)-2-amino-5-methylhexanoic acid (5-methyl­
norleucine),

___________________ POE<r
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impurity C = about 1.2; impurity G = about 1.3;
impurity K = about 1.31; impurity D = about 1.5.

System suitability Resolution solution:
- resolution: minimum 1.5 between the peaks due to

impurity Band leuprorelin.
Limits:
- ,~mpun'ty D: maximum 1.0 per cent;
- impurities AJ BJ C:foreach impurity, maximum

0.5 per cent;
- unspecified impurities: for eachimpurity, maximum

0.5 per cent,
- total: maximwn 2.5 per cent;
- disregard limit: 0.1 per cent.
Acetic acid (2.5.34)
4.7 per cent to 9.0 per cent.

Test solulWn Dissolve 10.0 mg of the substance to be
examined in a mixture of 5 volumes of mobile phase B and
95 volumes of mobile phase A and dilute to 10.0 mL with
the same mixture of mobile phases.

Water (2.5.32)
Maximum 5.0 per cent.

Sulfated ash (2.4.14)
Masimum 0.3 per cent.

Bacterial endotoxins (2.6.14, MethodD)
Less than 16.7 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure forremoval of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substanceswith the following modifications.
Run time 60 min.
1'1i,don 20 I1L of test solution (b) and reference
solution (b).

Calculate the content ofleuprorelin (C"Ha.N16012) using
the areas of the peaks and the declared content of
C5.H•.N.60.2 in leuprorelin CRS.

STORAGE
In an airtight container, protected from light, at a
temperature not exceeding 30 "C.
If the substance is sterile, store in a sterile, airtight, tamper­
evidentcontainer.

LABELLING
The label states the mass of peptide in the container.

IMPURITIES
SperijiuJ impurities A, B, C, D.
Other d're<table impurit;" (tire following substances would, if
present at a sufficient level, bedetected by one orother of the tests
in tire monograph. They arelimited by thegeneral acceptanc«
criterion for otherlunsp«ified impurities and/or by thegeneral
monograph Substances for phormaceuucal use (2034). It is
therefore not neussary to identify these impurities for
demonstration of compliance; Seealso 5.10. Control of impurit;"
in substances forpharmaceutical use) E, F, 0, H, I, J, K.

ri:yN ..-...
H irHIs-Trp-0-5er Tyr-D-L9U-LeU-Afg·pro-~ CH3

o

A. [4-o-serine]leuprorelin,

2022

B. [2-o-histidine]leuprorelin,

y:
H ''n-His-TrP-Ser- Tyr-Leu -Leu-Atg-pro-~"-"'cH3

o

C. [6-t.-leucine]leuprorelin,

~: 0yeH,'xN1
01 »<:

H rHls-Trp-Ser-Tyr'D-Leu-LeU-Arg-pro-~ CH3
o

D. [4-(Q-acetyl-L-serine)]leuprorelin,

y:
H 'irHiS- D-Trp- se--Tyr-D-leu-leu- Arg-Pro-~ .............. CH3

o

E. [3-o-tryptophane]leuprorelin,

F. [2-o-histidine,4-o-serine]leuprorelin,

y: . ~
H rHIs·Trp·ser-D-Tyr-D-Leu-leu-Atg·pro·~ CH3

o

G. [5-o-tyro,ine]Ieuprorelin,

H. [7-o-leucine]leuprorelin,

I. [1-(5-oxo-o-proline)]leuprorelin,

.-
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f""" NH

o 1,.:N---{

Y N HN~NH H %. ' )
H rHjS-Trp'Ser-Tyr-D-Leu-Leu-~ pro-~

o 0

J. [8-[5-N-[imino(IH-pyrazol-l-yl)methylj-L-omithine])
leuprorelin,

y: 0

H rHiS-TrP-~ Y-TYr-D-LeU-LeU-Arg-pro-~""""""'cH3

CH,

K. [4-dehydroalanine]leuprorelin.
____________________ PhE..

Levamisole Hydrochloride
(Ph. Bur. monograph 0726)

LevamisoJe Hydrochloride 11-95

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use, protea /rom lightand keep be/ow 25 'C.
Testsolution Dissolve 0.100 g of the substance to be
examined in methanol R, add 1.0 mL of concentrated
ammonia R and dilute to 10.0 mL wic:h methanol R.
Reference solution (a) Dissolve 10 mg oflevamisole
hydrochloride for system suirabiliry CRS (containing impurities
A, B, C, D and E) in methanol R, add 0.1 mL of amcemrated
ammonia R and dilute to 1.0 mL withmethanol R.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 5.0 mL of this solution to
25.0 mL with methanol R.
Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- srationary phase: base-deactivated ocrade<y1si!YI silica gelfor

chromatography R (3 pm).

Mobile phase:
- mobile phase A: dissolve 0.5 g of ammonium d1"hydrogen

phosphate R in 90 mL of waterR, adjust to pH 6.5 with a
40 gIL solution of sodium hydroxide R and dilute to
100 mL with waterR;

- mobie phaseB: acetonitrile R;

Time
(min)

MobIle phase A
(per cent VA?

90 ...... 30

30

MobUe phase B
{per cent VJ11

10 ...... 70

70

PhE.. _

DEFINITION
(6S)-6-Phenyl-2,3,5,6-tetrahydroimidazo[2,I-b] thiazole
hydrochloride.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white,crystalline powder.

Solubility
Freely solublein water, soluble in ethanol (96 per cent),
slightly soluble in methylene chloride.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.14).

Com~rison levamisole hydrochwride CRS.
C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-fret waterR and dilute to
50.0 mL with the same solvent.

Appearance of solutlon
SolutionS is clear(2.2.1) and not more intensely coloured
than reference solutionY1 (2.2.2, Method 11).
pH (2.2.3)
3.0 to 4.5 for solution S.

Specific optical rotation (2.2.7)
-128 to -121 (dried substance), determined on solution S.

240.8

Action and use
InununostimuJant; antihelminthic.

16595-8Q.5 Flow rate 1.5 mlimin.
Detection Spectrophotometer at 215 run.
Equilibration At least 4 min with the mobilephaseat the
initial composition.

Injection 10 111-.
1dentification of impurities Use the chromatogram supplied
with levamisole hydrochwride for system suirability CRS and the
chromatogram obtained wilh reference solution (a) to
identify the peaks due to impurities A, B, C, D andE.
Relative retention Withreference to levamisole (retention
time = about 3 min): impurity A = about 0.9;
impurity B = about 1.4; impurity C = about 1.5;
impurity D =about 1.6; impurity E =about 2.0.

Systemsuitobility:
- the chromatogram obtainedwith reference solution (a) is

similar to the chromatogram supplied with levamisole
hydrochloride for system suirability CRS;

- symmetry factor. maximum 3.5 for the principal peakin
the chromatogram obtained with reference solution (b).

Limils:
- coneaion faaots: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 2.0;
impurity B = 1.7; impurity C = 2.9; impurity D = 1.3;
impurity E =2.7;

- impurities A, B, C, D, E: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- unspeafied impuruies: for each impurity, not more than
0.5 times the area of the principal peakin the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- £QUI/: not more than 1.5 times the area of the principal
peakin the chromatogram obtained with reference
solution (b) (0.3 per cent);
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102767-28-2170.2

Acdon and use
Antiepileptic.

(ph. Eur. monograph 2535)

PlrE<I _

DEFINITION
(2S)-2-(2-0xopyrroUdin-l-yl)butanamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACfERS
Appearance
White or almostwhitepowder.

SolublIlty
Very soluble in water, soluble in acetonitrile, practically
insoluble in heptane.

IDENTIFICATION
Carryout either tests A, B or tests B, C.
A. Specific optical rotation (2.2.7): -82 to -76.

Dissolve 0.500 g in waterR and dilute to 25.0 mL with the
same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison ieuetiracetam CRS.
C. Enantiomeric purity (see Tests).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, Method If).

Dissolve 2.0 g in waterR and dilute to 10.0 mL with the
same solvent.

Enantiomerlc purity
Liquid chromatography (2.2.29): use the normalisation
procedure.
Test solution Dissolve 0.200 g of the substance to be
examined in 2-propanol R and dilute to 10.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 20.0 mL with
the mobile phase.

Reference solution (oJ Dissolve 5 mg of the substance to be
examined and 5 mg of leveliracttam impun"r.y D GRS in the
mobile phase and dilute to 5.0 mL with the mobile phase.

Re/erena solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: cellulose den;'Olive of silica gelfor chiral

separation R (10 urn).

Mobile phase 2-propanol R, heptane R (18:82 VIV).

Flow rate 0.8 mUmin.

Detection Spectrophotometer at 205 nm.
Injection 20 ~L.

Run rime 1.4 times the retention timeof levetiracetam.

Levetiracetam- disregard limit: 0.25 times the area of theprincipal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent),

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 30 mL of ethanol (96 per <en!! R and add
5.0 mL of 0.01 M hydlrxhlori< acid. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 24.08 mg of
CIlH13CIN,S.

STORAGE
Protected from light.

IMPURITIES
Specified impuniiis A, B, C, D, E.

~ 0

~) 8Ho -N~ enel enenacmer

o .
H. NH,)-8

~NJ anelenanllome,

A. 3-[(2RS)-2-amino-2-phenylethyl]thiazolidin-2-one,

B. 3-[(B)-2-phenylethenyl)thiazolidin-2-imine,

C. (4RS)-4-phenyl-I-(2-suifanylethyl)imidazoUdin-2-one,

D. 6-phenyl- 2,3-dihydrohnidazo[2, I-b]thiazcle,

E. 1,1'-[(disulfane-I,2-diyl)bis(ethylene)]bis[(4RS)-4­
phenylimidazoUdin-2-one].

___________________ PlrBl
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Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity D.

Relative retention With reference to levetiracetam (retention
time = about 12 min): impurity 0 = about 0.8.

System suitability Reference solution (a):
- resolution: minimum 1.5 between thepeaks due to

impurity D and levetiracetarn;
- symmetryfactor: maximum 2.4 for thepeak due to

levetiracetam.
Limit:
- impun"ty D: maximum 0.8 per cent.
- reporting threshold: 0.10 per cent (reference solution (b)).

Impurity G
Liquid chromatography (2.2.29).

Buffer solutian Dissolve 1.22 g of sodium decanesulfoncu R in
850 mL of waterfar chromatography R, add 1.3 mL of
phosphoric acid R, adjust to pH 3.0 with a 200 gIL solution of
potassium hydroxide R and dilute to 1000.0 mL with tooter far
chromatography R.

Test solution Dissolve 20 mg of the substance to be
examinedin the mobile phase and diluteto 10.0 mL with
the mobile phase.

Reference solution (a) Dissolve 2.0 mg of IC'Jeliracetam
impurily G CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase.
Reference solucion (b) Dilute 1.0 mL of reference solution (a)
to 20.0 mL with the mobile phase.

Reference solution (c) To 1.0 mL of reference solution (a)
add 1.0 mL of the testsolution and dilute to 20.0 mL with
the mobile phase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deaelivared octadecylsilyl si/01 gelfar

chromatograplry R (5 um);
- temperature: 27 "C.
Mobile phase acetonitrik R/, buffer solution. (15:85 VIJ1.
Flow rate 1.0 mUmin.
Deteaion Spectrophotometer at 200 run.
Injecdon 50 J1L of the test solution and reference
solutions (b) and (c).

Run time 5 times the retention time of levetiracetam.
ldenlification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity G.

Relativeretention With reference to levetiracetam (retention
time =about 4 min): impurity G =about 3.8.

System suitability Reference solution (c):
- resolution: minimum 5.0 between thepeaks due to

levetiracetam and impurity G.
Ca/culatUm of percentage content:
- for impurity G, use the concentration of impurity G in

reference solution (b).

Limu:
- impurity G: maximum 0.05 per cent.

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 50.0 mg of the substance to be
examined in mobile phaseA and dilute to 10.0 mL with
mobile phase A.
Test solution (b) Dilute 1.0 mL of test solution (a) to
50.0 mL with mobile phase A.

Levetiracetam 11-97

Reference solution (aJ Dissolve 5 mg of leuetimcetam
impurityA CRS and 5 mg of levetiracetam impun'tyE CRS in
mobile phase A, add 1.0 mL of lest solution (a) and dilute to
100.0 mL with mobile phase A.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 20.0 mL with mobile phase A.
Reference solution (c) Dissolve 5.0 mg of leoetimcetam
impurity C CRS in mobile phase A and dilute to 100.0 mL
with mobile phase A. Dilute 1.0 mL of the solution to
40.0 mL with mobile phase A.
Reference solution (d) Dissolve 50.0 mg of leveliraeetam CRS
in mobile phase A and dilute to 10.0 mL with mobile
phase A. Dilute 1.0 mL of the solution to 50.0 mL with
mobile phase A.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stalionary phase: base-deaelivared end-eapped octaduyls.lyl

silica gelfor chromatography R (5 pm),

Mobile phase:
~ mobile phaseA: acetonitrik R/, phosphate lniffer solulion

pH 5.5 R (5:95 VIJ1;
- mobile phaseB: acetonitrile Rl;

Time Mobile pbaae A Mobile phase B
(min) (per cent JIm (per cent JIll?
0-3 100 0

3 - 20 100 --J 71 o --J 29

20 - 25 71 29

Flow rate 0.9 mUmin.
Detection Spectrophotometer at 205 run.
fnjation 10 IJL of lest solution (a) and reference
solutions (a), (b) and (c).

fdentificalion of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A and H; use the chromatogram obtained with
reference solution (c) to identify the peakdue to impurity C.

Relative retention Withreference to levetiracetam (retention
time = about 11 min): impurity C = about 0.5;
impurity A = about 0.7; impurity E = about 0.9.

System" suitability Reference solution (a):
- resolution: minimum 3.5 between thepeaks due to

impurity E and levetiracetam.
Caltulalion of percentage contents:
- for impurity C, use the concentration of impurity C in

reference solution (c);
- for impurities otherthanC, use the concentration of

levetiracetam in reference solution (b).

Limits:
- impurity A: maximum 0.3 per cent;
- impurily C: maximum 250 ppm;
- unspecijied impun·tits: for each impurity, maximum

0.05 per cent;
- total: maximum 0.4 per cent;
- reporting threshold: 0.03 per cent, except for impurity C.

Water (2.5.32)
Maximum 0.5 per cent, determined on 0.300 g.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
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27912-14-7327.9

o

0,HC'HOH~
tBUHN~O

Action and use
Beta-adrenoceptor antagonist.

Preparation
Levobunolol Eye Drops

CHARACTERISTICS
A white or pinkish white, crystalline powder.
Freely soluble in water; sparingly soluble in ethatlol (96%).

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spearum of levobunolol
hydrochloride (RS 200).

B. Yields the reactions characteristic of chlorides,
Appendix VI.

TESTS
Acidity
pH of a 5% w/v solution, 4.5 to 6.5, Appendix V L.

Specific optical rotation
In a 3%wlv solution in methanol, -19.0 to -20.0, calculated
with reference to the driedsubstance, Appendix V F.

Related substances
Carry out the method for liquidchromatagraphy,
Appendix III D, using solutions in the mobilephase
containing (I) 0.10% wlv of the substance being examined,
(2) 0.00050% wlv of the substance being examined, (3)
0.0050% wlv of each of levobunolol hydrochloride BPCRS and
atenolal.

The chromatographic procedure described underAssay may
be used.
For solution (I) allow the chromatography to proceed for
3 times the retention time of the principal peak. The test is
not valid unless, in the chromatogram obtained with solution
(3), the resolution factor between the two principal peaks is at
least 8.
In the chromatogram obtained with solution (I) the area of
any secondary peak is not greater than the area of the
principal peak in the chromatogram obtained with solution
(2) (0.5%) and the sum of the areas of any setOndary peaks is
not greater than twice the area of the principal peak in the
chromatogram obtained with solution (2) (I %).

Loss on drying
When dried over phosphorus pentaxide at 1100 at a pressure
not exceeding 2 kPa for 4 hours, loses not more than 0.5%
of its weight. Use 1 g.

DEFINITION
Levobunolol Hydrochloride is (S)-5-(3-tert-butylamino-2­
hydroxypropoxy)-1,2,3,4-tetrahydronaphthalen-I-one
hydrochloride. It containsnot less than98.5% and not more
than 101.0%of CI7H2sNOJ,HCI, calculated withreference
to the dried substance.

Levobunolol Hydrochloride

I"""~
~OH

Injection Test solution (b) and reference solution (d).
Calculate the percentage content of CSH14N202 taking into
account the assigned content of leuetimcetam CRS.

IMPURITIES
Specified impurities A, C, D, G.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, bedetetud by oneor other of the tests
in the monograph. Theyarelimitedby thegeneral acceptance
criterion for other/unspecified impun"lit.s and/or by thegeneral
monograph Substances for pharmaceuti<aI use (2034). It is
therefore not necessary to identify these impuniies for
demonstration of compliance. See also 5.10. CanlTOl of impurities
in substances for pharmaceutical use) B, E.

A. (2RS)-2-(2-oxopyrrolidin-l-yl)butanoic acid,

B. (2Z)-2-(2-oxopyrrolidin-l-yl)but-2-enamide,

C. pyridin-z-ol,

D. (2R)-2-(2-oxopyrrolidin-l-yl)bulanamide «R)-etiracetam),

E. (I R)-I-phenylethan-I-amine,

G. (2S)-2-aminobutanamide.
___________________ 'M"
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PIlE" _

79547-78-7

, Hel

457.0

Action and use
Histamine HI receptor antagonist; antihistamine.

Levocabastine Hydrochloride
(Ph. Eur. monograph 1484)

DEFINITION
(3S,4R)-I- [ci<-4-Cyano-4-(4-ftuorophenyl)cyclohexyl)-3­
methyl-4-phenylpiperidine-4-carboxylic acid hydrochloride.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.
Solubility
Practically insoluble in water, sparingly soluble inmethanol,
slightly soluble in ethanol (96 per cent) and in a 2 gIL
solution of sodium hydroxide.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison levocabastitre hydrochloride CRS.
C. Dissolve 50 mg in a mixtwe of 0.4 mL of ammonia R and
2 mL of waterR. Mix, allow to stand for 5 min and filter.
Acidify the filtrate with dilute nitric acidR. It gives
reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.250 g in methanol R and dilute to 25.0 mL with
the samesolvent.
Appearance of solution
Solution S is clear(2.2.1) andnot more intensely coloured
than reference solution Y, (2.2.2, MethodJ1).

Specific optical rotation (2.2.7)
-106 to -102 (dried substance), determined on solution S.

Related substances
Liquid chromatography (2.2.29). Cany out the lest prote<ted
from light.
Test solution Dissolve 50 mg of thesubstance, to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.

Riference solution (a) Dissolve the contents of a vial of
levocabastine fur system suitability 1 CRS (containing
impurities A, B, E, J and K) in I mL of methanol R.
Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Cdumn:
- size: I;;;: 0.10 m, 0 =2.1 mm;
- stationary phase: end-copped ethylene-bridged phenylsilyl silica

gelfur chromatography (hybrid material) R (1.7 urn);
- temperature: 60°C.

O~NHBU'

~OH

OHyv
'BUHN~O

OH

.0
OHyv

'BUHN~O

~ ~vy OH Bu' OHyv

O~N~O

ASSAY
Carry out the method for liquid chromatography,
Appendix ill D, using solutions in the mobile phase
containing (J) 0.01% w/v of the substance being examined,
(2) 0.01% wlv of levobunolol hydrochloride BPCRS and (3)
0.0050% wlv of each of levobuno/Q/ hydrochloride BPCRS and
atenoioi.
The chromatographic procedure may he carried out using
(a) a stainless steel column (25 ern x 3.9 mm) packed with
end-capped octylsilyl silica gelfur chromatography (10 pm)
(Lichrosorb RP 8 is suitable), (h) a solution prepared by
mixing 53 volumes of 0.005M sodium heptamsulfonate in
methanol with 47 volumes of 0.005M sodium heptamsulfonare
in watercontaining 1 mL of O.5M sulfurk acid as the mobile
phase witha flow rate of 1 mL per minute and (c) a
detection wavelength of 223 nrn.
The test is not valid unless in the chromatogram obtained
with solution (3) the resolution factor between the two
principal peaksis at least 8.
Caleulate the content of C 17H"N03,HCI from the declared
content of C 17HzsN03,HCI in leuobunolol
hydrochloride BPCRS.

STORAGE
Levobunolol Hydrochloride should be protected from light.

IMPURITffiS

A. 5-(3-tert-butylamino-2-hydroxypropoxy)-1,2,3,4­
tetrabydro-I-naphthol

B. 1,1'-(1,2,3,4-tetrabydro-l,5-naphthalenedioxy)bis(3-tert­
butylamino)-2-propanol

C. meso-S,5'-[(3,3 '-tert-butylamino)bis (2-hydroxypropoxy»)
bis-3,4-dihydronaphthalen-I(2 H)-one
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11-100 Levocabastine Hydrochloride

Mobile phase:
- mobile phaseA: 17 gIL solution of uerabllty/ammonium

hjvJrogen sulfate R;
- mobile phaseB: acetonitrile Rl;

Time Moblle phase A MobUe phase B
(min) (per cent VIP) (per cent 11m
0-05 9S S

0.5 - 3.5 95 -t 90 5 --> 10

3.5 - 6.0 90 -t 85 10 --> 15

6.0 - 11.0 85 -+ 70 15 -t 30

11.0-14.5 70 -t 20 30 -t 80

14.5 - 155 '0 80

Flawrate 0.45 mUntin.
Detection Spectrophotometer at 214 nm.

Injection 2.0 pL.
ldemificatian of impuniits Use thechromatogram supplied
with levacabastine for system suitability 1 CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, E, Jand K.
Relative retention Withreference to levocabastine (retention
time =about 6.5 min): impurity A =about 0.85;
impurity J =about 0.86; impurity B =about 0.90;
impurity E =about 0.94; impurity K =about 1.07.

Systemsuicabilicy Reference solution (a):
- peak-to"'fJalley ratio: minimum 2.9, wbere Hp =height

above the baseline of the peak due to impurity K and
H; ;;;; heightabove the baseline of the lowest point of the
curve separating this peak from the peak due to
levocabastine; minimum 5.0, where Hp = height above the
baseline of the peak due to impurity J and H. =height
above the baseline of the lowest point of the curve
separating this peak from the peak due to impurity A.

Calculation of percentage contents:
- for each impurity, use the concentration of levocabastine

hydrochloride in reference solution (b).

Limits:
- impun·ty E: maximum 0.4 per cent;
- impurity A: maximum 0.2 percent;
- impurity B: maximum 0.15 percent;
- unspecified impurilks: for each impurity, maximum

0.10 percent;
- total: maximum 0.6 per cent;
- reporting threshold: 0.05 per cent.

hnpurlty C
Liquid chromatography (2.2.29). Carry alit the testprotected
from light.

Test solution Dissolve 50 mg of me substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent. ,)
Reference soilltion (a) Dissolve the contents of a vial of
levacabastine for system suitability 2 CRS (containing
impurity C) in 1 mL of methanol R.
Reference solutiou (b) Dilute 1.0 mL of the test solution to
20.0mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Column:
- size: 1= 0.15 m, 0 = 2.1 mm;
- stationary phase: end-eapped ocuukeyIsilyl sili<a gelfor

chromatography compatible with 100per centaqueous mobile
phases R (1.8 pm);

- temperature: 35 "C.

2022

Mobile phase:
- mobile phase A: 17 gIL solution of tetrabutylammonium

hydrogen sulfate R;
- mobile phase B: acetonitrile Rl,

Tim. MobUe phase A MobUe phase B
(min) (per cent YIJI) (per cent VIJI)

0-0.5 90 to
0.5 . L.5.5 90 -i 80 10 -> 20

1.5..5·20.5 80 -i .50 20 -> 50

Flawrate 0.30 mUmin.
Detection Spectrophotometer at 214 nm.
Inje<tion 2.0 pL.
Identification of impurities Use the chromatogram supplied
with leuocabauine for system suitability 2 CRS and the
chromatogram obtained withreference solution (a) to
identify the peak due to impurity C.
Relative retention With reference to levocabastine (retention
time =about 16 min): impurity C =about 0.98.

System suitability Reference solution (a):
- peak-to"'fJalley ratio: minimum 10.0, where Hp = height

above the baseline of the peakdue to impurity C and
H o = height above the baseline of the lowest point of the
curve separating this peakfrom the peak due to
levocabastine.

Calculation of percentage content:
- for impurity C, use the concentration of levocabastine

hydrochloride in reference solution (b).

Limir.
- impun'ty C: maximum 0.3 per cent.

Lo •• on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.175 g in 50 mL of ethanol (96 percent) R,
previously neutralised to phenol red soilltUm R, and add
5.0 mL of waterR. Carry out a potentiometric titration
(2.2.2tJ), using 0.1 M sodium hydroxide. Read the volume at
the 2Dd point of inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent to 22.85 mg of
C,oH,oCIFN,O,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, E.
Other detectable Impurities (thefollowing slIbstances would, if
presen: at a sufficient level) bedeuaed by one or other of the tests
in the monograph. Theyare limited by the general acceptance
criterion for otller/llnspecified impurities and/or by thegeneral
monograph SlIbstances for phannaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See aiso 5.10. Control of impurities
in substances forpharmaceutical use) D, F. G, H, I. JJ K, L
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ooP'D
NC

;z:,:Co,H

FD·O:~··O
NC

A. (3S,4R)-I-(ci5-4-cyano-4-phenylcyclohexyl)-3-methyl-4­
phenylpiperidine-4-carboxylic acid,

I. (3S,4S)-I-[cil-4-cyano-4-(4-lIuorophenyl)cyclohexyl]-3­
memyl-4-phenylpiperidine-4-carboxylic acid,

H CH3

FD<,rY9\)
NC~ OH

B. (3S,4R)-I-[cil-4-cyano-4-(2-lIuorophenyl)cyclohexyl]-3­
methyl-4-phenylpiperidine-4-carboxylic acid,

J. (3S,4R)-I-[cil-4-cyano-4-(4-lIuorophenyl)cyclohexyl] -4-(3­
hydroxyphenyl)-3-methylpiperidine-4-carboxylic acid,

~.o··03F~'
NC

C. (3S,4R)-I-[ci5-4-cyano-4-(3-lIuorophenyl)cyclohexyl]-3­
methyl-4-phenylpiperidine-4-carboxylic acid,

~
Co'"

FD...rY: :.
NC~

D. 1-[ci5-4-cyano-4-(4-lIuorophenyl)cyclohexyl]-4­
phenylpiperidine-4-carboxylic acid,

E. (3S,4R)-I-[trans-4-cyano-4-(4-lIuorophenyl)cyclohexyll-3­
methyl-4-phenylpiperidine-4-carboxylic acid,

K. 1-[cis-4-cyano-4-(4-lIuorophenyl)cyclohexyl]-3-methyl-4­
phenylpyridinium,

~
H-, CH~.CO,H

F 0 ,?

D 'NrYH "'-
u'~
NC

L. (3S,4R) -1-[cis-4-cyano-4-(4-lIuorophenyl)cyclohexyl) -3­
methyl-4-phenylpiperidine-4-carboxylic acid j-oxide.

___________________ P1>E<I

Levocarnitine
(Ph. Bur. monograph 1339)

P1>E<I _

DEFINITION
(3R)-3-Hydroxy-4-(trimethylazaniumyl)butanoate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals, hygroscopic.
Solubility
Freely soluble in water, soluble in warm ethanol
(96 per cent), practically insoluble in acetone.

54J.l5-1161.2

Action and use
Camitinesubstitute.

F. (3S,4R)-3-methyl-4-phenylpiperidine-4-carboxylic acid,

G. (3S,4R)-I-[cil-4-carbamoyl-4-(4-fluorophenyl)cyclohexyl]­
3-methyl-4-phenylpiperidine-4-carboxylic acid,

H. 1-(4-fluorophenyl)-4-oxocyclohexanecarbonitrile,

www.webofpharma.com
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A. (2BZ)-4-(trimethylazaniumyl)but-2-enoale,

B. (IRS,3SR)-1,2,2-trimethylcyclopentane-I,3-dicarboxylic
acid (camphoric acid),

System suitability Reference solution (c):
- resolution: minimum 1.5 between me peaks due to

levocarnitine and impurity A.
Limits:
- impudty A: not more man 0.6 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- unspecified impurities: for each impurity, not more thanthe
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 percent);

- total (exdudingimpurity A): not more man 5 times the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.5 per cent);

- disregard limit. 0.5 times the area of the principal peakin
the chromatogram obtainedwithreference solution (a)
(0.05 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 2.5 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 5 mL of solution S to 15 mL with d~tined water R.

Water (2.5./2)
Maximum 1.0 per cent, determined on 2.00 g.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, detenninedon 1.0 g.

ASSAY
Dissolve 0.125 g in a mixture of 3 volumes of anhydrous
fonni< acidRand 50 volumes of anhydrous aatic acidR.
Titrate with 0.1 M perchlaric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 16.12 mg
of G,H1,N03 •

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient kvel, bedeuaed by one or other oj the tests
in themonograph. They are limited by thegeneral ae<ePtance
criterion for other/unspecified impuri'ies andlor by thegeneral
monograph Substances fqr pharmaceutical use (2034). 1r is
therefore not necessary to identify these impun'tits for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) B, C, D.

and(Z}-Isomer

H,C
H,C-'N~Co,-

I
CH,

IDENTIFICATION
First identification: A, B.
Second identification: A, C.
A. Specificopticalrotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.U).
Preparation Discs, prepared using substance previously dried
in 'Vacuo at 50°C for 5 h.
Comparison teooeomiune CRS.
C. To 1 mL of solution S (see Tests) add 9 mL of waterR,
10 mL of dilute su!/itric acidRand 30 mL of ammonium
reinechate solution R. A pink precipitate is formed. Allow [0

stand for 30 min. Filterand wash withwater R, with erhanol
(96 percem) R and then with acetone R and dry at 80 'C.
The precipitate melts (2.2.14) at 147 'C to 150 'C.

TESTS
Solution S
Dissolve 5.00 g in carbon dioxide-free waterR prepared from
distiUed water R and dilute to 50.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

pH (1.2.3)
6.5 to 8.5.

Dilute 10 mL of solution S to 20 mL with carban dioxide-fre«
water R.

Specific optical rotation (2.2.7)
-32.0 to -29.0 (anhydrous substance), determined on
solution S at 25°C.

Related substances
Liquid chromatography (2.'2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in the mobilephase and dilute to 20.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 12.5 mg of levocarnitine
impurity A CRS in waterR and dilute to 50.0 mL with the
same solvent.Dilute 2.0 mL of the solution to 20.0 mL with

, the mobile phase.

Reference solUlion (c) Dissolve 50 mg of the substance to be
examined in 10 mL of reference solution (b).
Column:
- size: 1= 0.30 m, 0 = 3.9 mrn;
- stationary phase: aminopropylsi1y1 silica gelfor

chromalOgraphy R (10 pm);
- temperature: 30 "C.
Mobile phase Mix 35 volumes of a 6.81 gIL solution of
potassium dihydrogen phosphate R previously adjusted to
pH 4.7 with dilute sodium hydroxide solution R, and
65 volumes of acetoniuile RI.
Flow rate I mUmin.
Detection Spectrophotometer at 205 IUD.

Injection 25 111-.
Rutr time Twice the retention time of levocamitine.
Identification of impumies Use the chromatogram obtained
with reference solution (b) to identify me peak due to
impurity A.

Relative retention Withreference to levocamitine (retention
time =about 10 min): impurity A =about 1.1.
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P>E" ~ _

Time MobUe phase A MobUe phase B
(min) (per cent VIJI) (per cent V/l?
0-18 90 10

18·22 90 --> 0 10 ---> 100

22 - 3S 0 100

Flow rate 1 mllmin.

Detection Spectrophotometer at 280 run.
Injection 20 IlL.
Identification of impurities Use the chromatogram obtained
withreference solution (b) to identify the peaks due to
impurities B and C.
Relative reuntion With reference to levodopa (retention
time =about 6 min): imputity A =about 0.7;
imputity B =about 2; imputity C =abaut 3.5.

System suitabili!Y Reference solution (b):
- resolution: minimwn 10 between the peaks due to

levodopa and impurity B.
Limits:
- correction factor: for the calculation of content,multiply the

peak area of imputity B by 2.2;
- impuniy B: not more than5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impun·ty C: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impun'ty A: not more than the area of the principal peak
in me chromatogram obtained withreference solution (a)
(0.1 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peakin the
chromatogram obtained with reference solution (a)
(0.05 per cent);

- total: not more than 10 times the area of the principal
peakin the chromatogram obtained with reference
solution (a) (1.0 per cent);

- disregard limit: 0.3 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.03 per cent).

Related substances
Liquid chromatography (2.2.29). U"jreshly prepared so/utions.
SOIUlion A 10.3 gIL solution of hydrochloric acidR.

Test solution Dissolve0.100 g oCthe substance to be
examined in solutionA and dilute to 25 mL with solutionA.
Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with solution A. Dilute 5.0 mL of this solution to
100.0 mL with solution A.

Reference solution (b) Dissolve 8 mg of tyrosine R
(impurity B) and 4 mg of 3-metho'o/-L-tyrOsine R (t-isomer of
imputity C) in 2 mL of the test solution and dilute to 50 mL
with solutionA. Dilute 5 mL of this solution to 100 mL with
solutionA.
Column:
- size: I ;;;; 0.25 m, 0 =: 4.6 mm;
- stationary phase: spherical di-isob"'yloctade<ylsiJy/ sili<a gel

for chromatagraphy R (5 urn) with a pore size of 8 om.

Mobile phase:
- moMephaseA: 0.1 M phosphate buffer solution

pH 3.0 R;
- mobile phase B: methanol R, 0.1 M phosphate buller

solution pH 3.0 R (18:85 VIII);

59-91-7

**** ** ******

197.2

(ph. Eur. monograph 0038)

Levodopa

~ Phfrr

Acdon and use
Dopamineprecursor; treatment of Parkinson's disease.

Preparations
Co-beneldopa Capsules

Co-beneldopa Dispersible Tablets

Co-beneldopa Prolonged-release Capsules

Co-careldopa Tablets

When L-dopa is prescribed or demanded, Levodopa shallbe
dispensed or supplied.

D. (2EZ)-4-amino-N,N,N-trimethyl-4-oxobut-2-en-l­
aminiurn.

C. (2R)-4-amino-2-hydroxy-N,N,N-trimethyl-4-oxobutan-l­
aminium (camitinamide),

DEFINITION
(2S)-2-Amino-3-(3,4-dihydroxyphenyl)propanoic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solublllty
Slightly soluble in water, practically insoluble in ethanol
(96 per cent). It is freely soluble in 1 M hydrochloric acidand
sparingly soluble in 0.1 M hydrochloric acid.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison leoodopa CRS.

TESTS
Appearance of solution
The solutionis not more intensely coloured thanreference
solution BY. (2.2.2, Method 11).
Dissolve 1.0 g in a 103 gIL solution of hydrochloric acidRand
dilute to 25 mL with the same solution.

pH (2.2.3)
4.5 to 7.0.

Shake 0.10 g with 10 mL of carbon dioxUk-jree water R for
15 min.
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11-104 Levodropropizine 2022

9929/-25-5236.3

Action and use
Cough suppressant.

(ph. Eur. monograph 1535)

C. (2RS)-2-amino-3-(4-hydroxy-3-methoxyphenyl)propanoic
acid (3-methoxy-DL-tyrosine),

Levodropropizine

Pl>E<r _

____________________ PI>E<r

D. (2R)-2-amino-3-(3,4-dihydroxyphenyl)propanoic acid (D­
dopa).

B. (2S)-2-amino-3-(4-hydroxyphenyl)propanoic acid
(tyrosine),

DEFINITION
(2S)-3-(4-Phenylpiperazin-I-yl)propane-I,2-diol.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost whitepowder.

Solublllty
Slightly soluble in water, freely soluble in dilute acetic acid
and in methanol, slightly soluble in ethanol (96 per cent).

IDENTIFICATION
Carryout either testsA, B or tests B, C.
A. Specific optical rotation (2.2.7): -33.5 to -30.0 (dried
substance).
Dissolve 1.50 g in a 21 gIL solution of hydrochloric acidRand
dilute to 50.0 mL with the same acid.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison /evodropropizine CRS.
C. Enantiomeric purity (see Tests).

TESTS
pH (2.2.3)
9.2 to 10.2.

OH

0 /Co.H

# H NH,
HO

OH

Enandomerlc purity
Liquid chromatography (2.2.29). Use freshly prepared solutions.
Test solution Dissolve 25 mg of the substance to be
examined in the mobilephaseand dilute to 25 mL with the
mobile phase.

Reference solution (a) Dilute 5.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL with the mobile phase.
Reference solution (b) Dissolve 10 mg of D-dopa R
(impurity D) in 10 mL of the test solution. Dilute I mL of
this solution to 100 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 = 3.9 mrn:
- stationary phase: spherical end-capped octadecylsilyl silica gel

for chromatagraphy R (5 urn).

Mobile phase Dissolve separately 200 mg of topperacetate R
and 387 mg of N,N-dimethyl-L-phenylalanin, R in 250 mL of
water R; mix the 2 solutions and adjust immediately to
pH 4.0 with acetic acid R; add 50 mL of methanol Rand
dilute to 1000 mL with water R; mix and filter.
Flow rate I mUmin.
Daeaion Spectrophotometer at 280 run.
Injection 20 ~L.

Run time Twice the retention time of levodopa.
Relativeretention Withreference (Q levodopa (retention
time =about 7 min): impurity D =about 0.4.

System suitability Reference solution (h):
- resolution: minimum 5 between the peaks due to

impurity D and Ievodopa,
Limit:
- impurity D: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.5 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 0.500 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g, heating if necessary, in 5 mL of anhydrous
formic acidR. Add 50 mL of anhydrous acetic acid R. Titrate
with 0./ M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 19.72 mg of
C,HlINO•.

STORAGE
Protected from light.

IMPUlUTIES
Specified impurities A, B, C, D.

A. (2S)-2-amino-3-(2,4,5-trihydroxyphenyl)propanoic acid,
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Suspend 2.5 g in carbon dioxide-free waterRJ heat to dissolve,
cool to room temperature and dilute to 100 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Reference solution (a) Dissolve 25.0 mg of levodropropizine
impun"ty B CRS in methanol R and dilute to 100.0 mL with
the same solvent. Dilute 1.0 mL of this solution lO 100.0 mL
with the mobilephase.
Reference solution (b) Mix I mL of the test solution with
1 mL of reference solution (a).
Column:
- size: 1= 0.15 m, 0 = 4.6 rnm;
- stationary phase: end-eapped extra-dense bonded oetadecy/silyl

silica gelfor chromarography R (5 pm).

Mobile phase Mix 12 volumes of melha",,1 Rand 88 volumes
of a 6.81 I'lL solution of potassium djhydrogen phosphate R
previously adjusted to pH 3.0 with phasphon" acid R.

Flow rale 1.5 !DUmin.
Detection Spectrophotometer at 254 run.

Injection 20 ~L.

Run time Twice the retention time of levodropropizine.
Identification of impurities Use the chromatogram obtained
withreference solution (a) co identify the peakdue to
impurity B.
Relative retention With:- reference to levodropropizine
(retention time =about 7 min): impurity B =about 1.2.

Systemsuitability Reference solution (b):
- resolution: minimwn 2.0 betweenthe peaks due to

levodropropizine and impurity B.

Limits:
- impun'ty B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (0.5 per cent);

- unspecified impurities: for each impurity, not more than
0.2 times the area of the peak due to impurity B in the
chromatogram obtainedwith reference solution (a)
(0.10 per cent);

- total: not more than 1.2 times the area of the peakdue to

impurity B in the chromatogram obtained with reference
solution (a) (0.6 per cent);

- disregard limi,: 0.1 times the area of the peakdue to
impurity B in the chromatogram obtained with reference
solution (a) (0.05 per cent).

Impurity C
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use. Use vials sealed with a cn"mp-top to
prevenl evaporation of the SolvetlL
Test solution Dissolve 50 mg of sodium
d.-.thy/dithiocarlJamate Rand 1.0 g of the substance to be
examined in methand R and dilute to 5.0 mL with the same
solvent.Heat at 60°C for 20 min and then cool to room
temperature. Add 5 mL of waterRand 0.5 mL of phasphoric
acidR. Extract with 5 mL of methyknechIm1de R.
Reference solution (a) Dissolve 0.100 gof levodropropizine
impun"ty C CRS in methanol R and dilute to 50.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 20.0 mL with
methanol R. Dilute 1.0 mL of this solution to 100.0 mL with
methanol R.

Levodropropizine II-lOS

Reference solution (b) Dissolve 50 mg of sodium
diethyldithiocarbamate R in reference solution (a) and dilute to
5.0 mL with reference solution (a). Heat at 60 "C for 20 min
and then cool to room temperature. Add 5 rnL of waler' R
and 0.5 mL of phospharic acidR. Extract with 5 mL of
methylene chlwide R.
Reference solution (c) Dissolve 50 mg of sodium
d.-.thyldithiocarlJamate Rand 1.0 g of the substance to be
examined in reference solution (a) and diluteto 5.0 mL with
reference solution (a). Heat at 60°C for 20 min and then
cool to room temperature. Add 5 mL of water Rand 0.5 mL
of phasphan"c acid R. Extract with 5 mL of methylene
chlwide R.
Blank solution Dissolve 50 mg of sodium
d.-.thyldilhiocarlJamate R in methand R and dilute to 5.0 mL
with the same solvent. Heat at 60°C for 20 min and then
cool to room temperature. Add 5 mL of waterR and 0.5 mL
of phosphoric acidR. Extract with 5 mL of methylene
chloride R.
Column:
- size: 1= 0.25 m, 0 = 4.6 rom;
- stationary phase: aminopropy/si/y/ silica gelfor

chromarography R (5 urn).

Mobile phase methanol R, tetrahydrofuran R. heptane R
(15:15:70 VIVIJI).

Flow rate I !DUmin.

Detection Spectrophotometer at 278 om.

Inj«tion 20 J.lL of the blank solution, the test solutionand
reference solutions (b) and (c).

Runtime 3 times the retention time of impurity C.
Identification of impurities Use the chromatogram obtained
withreference solution (b) to identify the peakdue to
impurity C.

Retention time Impurity C =about 8 min.
Systemsuitability Reference solution (b):
- signal-to-noise ratio: minimum 50 for the peak due to

impurity C.

Calculate the content of impurity C in pans permillion using
the following expression:

A
--x5
B-A

A areaof the peakdue [0 impurity C in the chromatogram
obtained with the test $oluriORj

B areaof the peakdue to impurity C in the chromatogram
obtained with reference solution(c).

Limit:
- impun"ty C: maximum 5 ppm.

Enantiomeric purity
Liquid chromatography (2.2.29).

Solvenlmixture anhydrous ethanol R, hexane R (40:60 VIV).
Testsolution Dissolve 10.0 mg of the substance to be
examined in 10.0 mL of the solventmixture. Dilute 1.0 mL
of this solution to 50.0 mL with the solvent mixture.
Reference solution (a) Dissolve 10 mg of levodropropizine CRS
in 10.0 mL of the solvent mixture. Dilute 1.0 mL of this
solution to 50.0 mL with the solvent mixture.
Reference solution (b) Dissolve 10.0 mg of levodropropizine
impun"ty A CRS in 10 mL of the solvent mixture. Dilute
1 mLof this solution to 50 mL with the solvent mixtwe.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 50.0 mL with the solventmixture.
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II-I06 Levofioxacin Hernihydrate 2022

138199-71-0370.4 •

(ph. Eur. monograph 2598)

Action and use
Fluoroquinolone antibacterial.

DEFINTI10N
(3S)-9-Fluoro-3-methyl-1 0-(4-methylpiperazin-I-yl)-7-oxo­
2,3-dihydro-7H-pyrido [I ,2,3-de] [I ,4)benroxazine-6­
carboxylic acid hemihydrate.

Content
98.0 per cent to 101.0 per cent (anbydrous substance).

CHARACTERS
Appearance
Light yellowish-white or light yellow, crystalline powder.
Solubility
Sparingly solublein water, freely soluble in aceticacid,
sparingly soluble in methanol, slightly soluble in anbydrous
ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison lewfloxacin hemihydrate CRS.

B. Examine the chromatograms obtained in the test for
related substances.
Results The principal peak in the chromatogram obtained
with the test solutionis similar in retention timeto the
principal peakin the chromatogram obtained with reference
solution (b).

TESTS
Appearance of solution
The solutionis clear (2.2.1) and not more intensely coloured
than reference solution GY, (2.2.2, MethodIf).

Dissolve 0.100 g in water R and dilute to 10 mL with the
samesolvent.

Related substances
Liquid chromatography (2.2.2~.

Buffer solution Solution containing 1.25 gil of copper JUlfate
pentahydrace R, 1.3 gil of isoleucine Rand 8.5 gil of
ammonium aatate R in water for<:hromatography R.
Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

PhE" _

Levofloxacin Hemihydrate

C. [(2RS)-oxiran-2-yl]methanol (g1ycidol).
__________________ PhE"

KOH andenanliomerReference solution (d) Dilute 0.5 mL of reference
solution (b) to 25 mL with reference solution (a).

Column:
- size: 1= 0.25 m, (2) = 4.6 mrn;
- stationary phase: ce/luwse denvative ofsilica gelforchira/

separation R (10 urn),

Mobile phase diethylamine R, anhydrous ethanol R. hexaneR
(0.2:5:95 VIVIV).

FIJJw race 0.8 mUmin.

Detection Spectrophotometer at 254 run.
Injection 20 J1L of the test solution andreference
solutions (a), (c) and (d).

Idetllificau"on of impuritits Use me chromatogram obtained
with reference solution (c) to ident:i1Y the peak due to
impurity A.

Relativeretention With reference to levodropropizine
(retention time = about 28 min): impurity A = about 0.9.

System suitability:
---' retention times: the retention timesof the principal peaks in

thechromatograms obtained with the test solution and
reference solution (a) aresimilar;

- resolution: minimum 1.3 between the peaks due to
impurity A and levodropropizine in the chromatogram
obtained withreference solution (d).

Limit:
- impurity A: not morethan the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (2 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 0.500 g by drying in
f}""UO at 60·C at a pressure ofO.I5-0.25 kPa for 4 h.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 50 mL of anhydrous acetic acidR. Cany
our a potentiometric titration (2.2.20), using 0.1 M pereh/oric
acid. Read the volume addedat the 2nd pointof inflexion.
I mL of 0.1 M pereh/oric acid is equivalent to 11.82 mg of
C13lf,.,N20 2'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

A. (2R)-3- (4-phenylpiperazin-I-yl)propane-1,2-<1iol
(dextrodropropizine),

B. l-phenylpiperazlne,
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Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the mobile pbase. Dilute 1.0 rnL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve me contents of a vial of
levojloxacin for system suitability CRS (containing
impurities A, B and G) in 1 rnL of the mobile phase.

Column:
- size: 1= 0.25 TIl, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped octaduy/silyl

silica gelfor chromatagraphy R (5 urn);
- temperature: 45 "C.
Mobilephase methanol R, buffer solution (30:70 VIV).

Flow rate 0.8 mUmin.

Detection Spectrophotometer at 360 run.

/njeetion 25~.

Run time 3 times the retention timeof levofloxacin.
Identification of impurities Use the chromatogram supplied
with Ievojloxacinfor systemsuitability CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peaksdue to impurities A, Band G.
Relativeretention With reference to levofioxacin (retention
time = about 20 min): impurity B = about 0.50;
impurity G =about 0.56; impurity A =about 1.22.

System suitability Reference solution (b):
- resoluuon: minimum 1.5 between the peaks due to

impurities Band G.

Calculation of percentage conrents:
- correaion factor. multiply the peakarea of impurity B

by 1.3; .
- for each impurity) use the concentration of levofloxacin

hemihydrate in reference solution (a).
Limits:
- impun°'Y A: maximum0.5 per cent;
- impun°ty B: maximum0.15 per cent;
- unspecified impun"lies: for each impurity) maximum

0.10 per cent;
- total: maximum 0.6 per cent;
- reporting threshold: 0.05 per cent.

hnpurlty F
Liquid chromatography (2.2.29) as described in the lest for
relatedsubstances with the following modifications.
Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 rnL with
the mobile phase.

Reference solution (a) Dissolve 5.0 mg of levojloxadn
impnrity F CRS in the mobile phase and dilute 10 100.0 rnL
with the mobile phase.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 25.0 mL with the mobile phase.

Reference solution (c) Dilute 4 mL of reference solution (a).
to 10 rnL with the mobile phase. Dilute 1 rnL of this
solution to 10 mL withthe test solution.
Mo6iJe phase methanolR, buffer solution (50:50 VIV).

Detection Spectrophotometer at 320 run.
Injection Test solution and reference solutions (b) and (c).
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity F.

Rekuiveretention With reference to levofloxacin (retention
time = about 6 min): impurity F = about 1.8.

Levofloxacin Hemihydrate 11-107

System suitability Reference solution (c):
- resolution: minimum 500 between the peaks due to

levofloxacin and impurity F.
Calculation ofpercentage content:
- for impurity F, use the concentration of impurity F in

reference solution (b).

Limit:
- impun°ty F: maximum 002per cent.

Waler (2.5.12)
200per cent to 300 per cent, determined on 0.500 g using a
mixture of equalvolumesof fonnamide Rand melhano/ R as
solvent.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.300 g in 100 rnL of anhydrous acetic acid R.
Titratewith 0.1 M perch10rk acid, determining the end-point
potentiomenically (2.2.2{fJ.

J mL of 0./ M perchloric acid is equivalent to 36.14 mg of
C,aH2oFN,O•.
STORAGE
Protected from light.

IMPURITIES
Specifi~d impuriti<s A, B, F.
Otherdetectable impnrities (the following substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They Qn1 limited by thegeneral acceptance
criterion for otherlunsp«ified impun·ties andlorby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not neeessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) C, DJ E) GJ HJ 1.

H C CIi,
"Nl O~H

~N~NI I
F -.. Co,H

o

A. (3R)-9-fluoro-3-methyl-1 0-(4-methylpiperazin-l-yl)-7-oxo­
2,3-dihydro-7H-pytido[I,2,3-de) [1,4]benzoxazine-6­
carboxylic acid (enantiomer of fevofloxacin),

B. (35)-9-fluoro-3-methyl-7-oxo-ID-(piperazin-J-yl)-2,3­
dihydro-7H-pyrido[1 ,2,3-de][1A]benzoxazine-6-carboxylic
acid)

www.webofpharma.com



II-lOS Levomenthol 2022

**** ** ** ****

2216-51-5156.3

Levomenthol
(ph. 'Bur. monograph 0619)

Acdon and use
Decongestant.

Preparations
l..evomenthol Cream
Mentholand Benzoin Inhalation

____________________ PhE"

I. (3S) -I 0-fluoro- 3-methyl-9-(4-methylpiperazin-I-yl)-7-oxo­
2,3-dihydro-7H-pyrido[I,2,3-4e] [1,4]benzoxazine-6­
carboxylic acid.

PhE" _

DEFINITION
(IR,2S,5R)-5-Methyl-2-(I-methylethyl)cyclohexanol.

CHARACTERS
Appearance
Prismatic or acicular, colourless, shiny crystals.

Solubility
Practically insoluble in water, very soluble in ethanol
(96 per cent) and in light petroleum, freely soluble in ratty
oils and in liquid paraffin, very slightly soluble in glycerol.

mp
About 43 °C.

IDENTIFICATION
Fin' identification: A, C.

Second identification: B, D.
A. Specific optical rotation (see Tests).

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to he
examined in methanol R and diluteto 5 mL with the same
solvent.
Reference soluMn Dissolve 25 mg of menthol CRS in
methanol R and dilute to 5 mL with the samesolvent.
Plare TLC silica gelG plate R.
Mobile phase ethylacetare R, toluene R (5:95 VIV).
ApplicaMn 2 J1l..
Development Over a path of 15 em.

Drying In air) until the solvents haveevaporated.
Detection Spray with anisaldehyde solution R andheat at
100-105 °C for 5-10 min.

D. (3S)-3-methyl-IO-(4-methylpiperazin-I-yl)-7-oxo-2,3­
dihydro-7H-pyrido[1,2,3-ck][I ,4]benzoxazine-6-carboxylic
acid,

C.4-[(3S)-6-carboxy-9-lIuoro-3-methyl-7-oxo-2,3-dihydro­
7H-pyrido[1 ,2,3-4e] [1,4]benzoxazin-1 O-yl]-I­
methylpiperazine L-oxide,

E. (3S)-9-fiuoro-3-methyl-1 0-(4-methylpiperazin-l-yl)-2,3­
dihydro-7H-pyrido[I ,2,3:<1e] [I,4]benzoxazin-7-one,

H

O~.CH3

:¢CO'H
o

u.c H
.~ 'Nl O~.CH,

~Nh~)

V0CO,H

o

F. (3S)-9,10-di/luoro-3-methyl-7-oxo-2,3-dihydro-7H-pyrido
[I ,2,3-de] [1,4]benzoxazine-6-carboxylic acid,

G. (3S)-9-lIuoro-3-methyl-10-[[2-(methylamino)
ethyl]amino]-7-oxo-2,3-dihydro-7H-pyrido [1,2,3-de]
[1,4] benzoxazine-6-earboxylic acid,

H. ethyl (3S)-9-lIuoro-3-methyl-IO-(4-methylpiperazin-I-yl)­
7-oxo-2,3-dihydro-7H-pyrido[I,2,3-de] [I,4]benzoxazine-6­
carboxylate,
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2022 Levomepromazine Hydrochloride 11-109

____________________ PhEIr

1236-99-3

• Hel

364.9

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Levomepromazine Injection

PhEIr _

Detection Flame ionisation.

Inj"u'on I ~L.

Run time Twice the retention time of menthol.

System suitability:
- resolution: minimum 1.4 between the peaks due to

menthol and isornenthol in the chromatogram obtained
with reference solution (a);

- signal-to-noise ratio: minimum 5 for the principal peak in
the chromatogram obtained with reference solution (b).

Limits Test solution (a):
- total: not more than 1 per cent of the area of the principal

peak;
- disregard limit: 0.05 per cent of the area of the principal

peak.

Residue on evaporation
.Maximum 0.05 per cent.
Evaporate 2.00 g on a water-bath and heat in an even at
100-105 °C for 1 h. The residue weighs not more than
1.0 mg.

Levomepromazine Hydrochloride
(Ph. Bur. monograph 0505)

DEFINITION
(2R)-3-(2-Methoxy-IOH-phenothiazin-10-yl)-N,N,2­
trimethylpropan-I-amine hydrochloride.

Content
98.5 per cent '0 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whi'e or very slightly yellow, crystalline powder, slightly
hygroscopic.

Solubility
Freely soluble in water and in ethanol (96 per cent).

It deteriorates when exposed to air and light.

It shows polymorphism (5.9). It exists in 2 forms, one
melting at about 142 "C and the other at about 162 °C.

IDENTIFICATION
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25). Prepare the ,olution protected from bright light and carry
out the measurtmenlS immediately.
Test solution Dissolve 50.0 mg in waterR and dilute to
500.0 mL with the sarne solvent. Dilute 10.0 mL of the
solution to 100.0 mL with waterR.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.
C. Examine the chromatograms obtained in the test for
related substances.

Results The principal peak in the chromatogram obtained
with test solution (b) is similar in position and approximate
dimensions to the principal peak in the chromatogram
obtained with reference solution (c).
D. Dissolve 0.20 g in 0.5 mL of anhydrous pyridine R.
Add 3 mL of a 150 gIL solution of dinitrobenzayl chloride R in
anhydrous pyridineR. Heat on a water-bath for 10 min.
Add 7.0 mL of waterR in small quantities with stirring and
allow (Q stand in iced water for 30 min. A precipitate is
formed. Allow to stand and decant the supernatant. Wash
the precipitate with 2 quantities, each of 5 mI.., of iced
waterR, recrystallise from 10 mL of acetone R, wash with
iced auwne R and dry at 75 QC at a pressure not exceeding
2.7 kPa for 30 min. The crystal. mel' (2.2.14) a,154"C '0
157 "C.

TESTS
Solution S
Dissolve 2.50 g in 10 mL of ethanol (96 per cent) Rand
dilute to 25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2./) and colourless (2.2.2, MethodIf).

AcidIty or alkalinity
Dissolve 1.0 g in ethanol (96 per cent) Rand dllute to 10 mL
with the sarne solvent. 'Add 0.1 mL of phenolphthalein
solution R. The solution is colourless. Not more than 0.5 mL
of 0.01 M sodium hydroxide is required to change the colour
of the indicator to pink.

SpecIfic optical roration (2.2.7)
-48 to -5 I, determined on solution S.

Related substances
Gas chromatography (2.2.28).

Test soituion (a) Dissolve 0.20 g of the substance '0 be
examined in methylene chloride R and dilute '0 50.0 mL with
the same solvent.
Test sohuion (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methylene chloride R.
Reference solution (a) Dissolve 40.0 mg of the substance '0
be examined and 40.0 mg of isomenthol R in methylene
chloride R and dilute '0 100.0 mL with the same solvent.
Reference ,00ulion (b) Dilute 0.10 mL of test solution (a) to
100.0 mL with methylene chloride R.
Reference ,00ulion (c). Dissolve 40.0 mg of menthol CRS in
methylene chloride R and dilute '0 100.0 mL with the same
solvent.

Column:
- material: glass;
- size: 1= 2.0 m, 0 =2mmj
- stationary phase: diatomaceous earth for gas

chromatography R impregnated with 15 per cent mlm of
macrogol 1500 R.

Corrier gas nitrogen for chromatography R.

Flow rate 30 mUmin.

Temperature:
- column: 120 QCj
- inj~rkm port: 150 "C;
- detector. 200 "C.
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11-110 Levomepromazine Maleate 2022

7104-38-3444.6

Action and use
Dopaminereceptor antagonist; neuroleptic.

Preparation
Levomepromazine Tablets

(ph. Eur. monograph 0925)

DBFINITION
Levomepromazine maleate contains not less than
98.5 per cent and not morethan the equivalent of
101.0 per cent of (2R)-3-(2-methoxy-IOH-phenothiazin-IO­
yl)-N,N,2-trimethylpropan-l-arnine (Z)-butenedioate,
calculated withreference to the dried substance.

PhE" _

ASSAY
Dissolve 0.300 g in 5 mL of water R and add 50 mL of
2-propanol R. Titrate with 0.1 M sodium hydroxide,
determining the end-point potentiometrically (2.2.20).
I mL of 0.1 M sodium hydroxide is equivalent to 36.49 mg of
C'9H.,CIN,OS.

STORAGE
In an airtight container, protected from light.

Levomepromazine Maleate

CHARACTERS
A white or slightly yellowish, crystalline powder, slightly
soluble in water, sparingly soluble in methylene chloride,
slightly soluble in alcohol. It deteriorates when exposed to air
and light.

It melts at about 186 °C, with decomposition.

IDENTIFICATION
Firsl itkntificatWn: A, B.
Secondidentification: A, C~ D.
A. Specific optical rotation (see Tests).

B. Examine by infrared absorption spectrophotometry
(2.2.24), compating with the spectrum obtained with
leoomepromazine maleate CRS. Examine the substances
prepared as discs.
C. Identification test for phenothiazines by thin-layer
chromatography (2.3.3): use levomepromaeine maleate CRS to
prepare the reference solution.
D. Examine by thin-layer chromatography (2.2.27), using
silica gel GF254 R as thecoating substance.
Test solution Dissolve 0.20 g of the substance to be
examined in a mixture of 10 volumes of waterR and
90 volumes of atttone R and dilute to 10 mL with the same
mixture of solvents.
Reference solution Dissolve 50 mg of maim acid CRS in a
mixture of 10 volumes of waterR and 90 volumes of

___________________ PhE"

Spectral range 230-340 nm.

Absorption maxima 250 om and 302 nm.

Specific absorbance at the absorption maximum at 250 nm
640 to 700.

B. Identification of phenothiazines by thin-layer
chromatography (2.3.3): use levomepromazine
hydrochloride CRS to prepare the reference solution.
C. Introduce 0.2 g into a 100 mL separating funnel.
Add 5 mL of water Rand 0.5 mL of strong sodium hydroxide
solution R. Shake vigorously with two quantities, each of
10 mL, of etherR. Combine the etherlayers) dryover
anhydrous sodiumsulfate R and evaporate to dryness. Keep the
residue at 100°C to ]OS °C for 15 min and allow to
crystallise in iced water. Initiate crystallisation if necessary by
scratching the wall of the flask with a glass rod. Dry the
crystals at 60"C for 2 h. The crystals melt (2.2.14) at
122 "C to 128 "C.

D. Dissolve 20 mg in 2 mL of methanol R. The solutiongives
reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free water R and dilute to
25.0 mL with the same solvent.

Acidity or a1kallnlty
To 10 mL of solution S, add 0.1 mL of bromocresol green
souuion R. Not more than 0.5 mL of a 0.40 gIL solution of
sodium hydroxide R or 1.0 mL of a 1.03 gIL solution of
hydrochlori< acid R is required to change the colour of the
indicator.
Specific optical rotation (2.2.7)
+ 9.5 to + 11.5 (dried substance), determined on solution S.

Related substances
Thin-layer chromatography (2.2.27). Prepare thesolutions
immediately before use and cany out the test protected from bright
light
Sdoen: mixture diethylamine R, methanol R (5:95 VIV).

Test solution Dissolve 0.2 g of the substance to be examined
in the solvent mixture and dilute to 10 mL with the solvent
mixture.
Rsference sonuion Dilute 0.5 mL of the test solution to
100 mL with the solventmixture.
Plate TLC silica gelFm plate R.
Mob.e phase acerone R, diethylamine R, cyc10hexane R
(10:10:80 VIVIV).

Application I 0 ~L.

Developmenl Over 2/3 of the plate.
Drying In air, until the solvents have evaporated.
Detection Examine in ultraviolet light at 254 nm.

Retardadon foaor Levomepromazine T about 0.5.
Limit:
- atry impun'ty: anyspot, apart fromthe principal spot, is

not more intense than the spot in the chromatogram
obtained with the reference solution (0.5 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, detennined on 1.000 g by drying in
an oven at 105 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.
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IMPURITIES

5967-73-7345.9

W
H3C'N~::~ .Ha
",0

~

Action and use
Opioid analgesic.

Ph'" _

(Ph. Hur. monograph 1787)

Levomethadone Hydrochloride

A. 2-methoxyphenothiazine,

____________________ Ph,,,

B. 10-[(2R)-3-(dimethylarnino)-2-methylptOpylj-2-methoxy­
lOB-phenothiazine 5-oxide.

("I
yNH
s~

U OCH,

DEFINITION
(6R)-6-(Dimethylarnino)-4,4-diphenylheptan-3-one
hydrochloride.

Content
99.0 per cent to 101.0 pet cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubllity
Soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
Fint identification: A, C, D.

Second identijicatwn: A, B, D.
A. Specific opticalrotation (see Tests).

B. Melting point (2.2.14): 239 ·C to 242 ·C.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of methadone
hydrochloride.

D. Dilute I mL of solution S (see Tests) to 5 mL with
waterR and add 1 mk.of dilute ammonia RI. Mix, allow [0

stand for 5 min and filter. The filtrate gives reaction (a) of
chlorides (2.3.1).

acetone R and dilute to 10 mL with the same mixture of
solvents.

Apply separately to the plate as bands 10 mm by 2 mm 5 ~L

of each solution. Develop over a path of 12 em using a
mixture of 3 volumes of warer R, 7 volumes of anhydrous
fonnic acidRand 90 volumes of di-isopropyl ether R. DIY the
plate at 120°C for 10 min and examine in ultraviolet lightat
254 run. The chromatogram obtainedwith the (est solution
shows a zone at the point of application and another zone
similar in position and size to me principal zone in me
chromatogram obtained with the reference solution.

TESTS
pH (2.2.3)
Cony out the testprotected from bright light Inttoduce 0.50 g
into a conical flask and add 25.0 mL of carbon dwxide-froe
waterR. Shake and allow the solids to settle. The pH of the
supernatant solution is 3.5 to 5.5.

Specific optical rotation (2.2.7)
Dissolve 1.25 g in dimethylfonnamide R and dilute to 25.0 mL
with the same solvent.The specificoptical rotation is -7.0 to
-8.5, calculated withreference to the dried substance.

Related substances
Cony out the testprote<ted from bright light and jmpare the
so/utilms immeJiattly before use Examine by thin-layer
chromatography (2.2.27), using silica gelGFm R as the
coating substance.
Test solution Dissolve 0.20 g of the substance to be
examined in a mixture of 10 volumes of water R and
90 volumes of acetone R and dilute to 10 mL with the same
mixture of solvents.
Reference solution Dilute 0.5 mL of the test solution to
100 mL with a mixture of 10 volumes of waterR and
90 volumes of acetone R.

Apply separately to the plate I 0 ~L of each solution. Develop
overa path of 15 em using a mixture of 10 volumes of
acetone R, 10 volumes of diethylamine R and 80 volumes of
cydohexane R. Allow the plate to dry in airand examine in
ultraviolet light at 254 nm. Any spot in the chromatogram
obtained with the test solution, apart from the principal spot,
is not more intense than the spot in the chromatogram
obtained with the reference solution (0.5 per cent).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 ·C for 3 h.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 gin 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchknic acid, determining the end-point
potentiometrically (2.2. 2fJ).

1 mL of 0.1 M perchloric acid is equivalent to 44.46 mg of
C,,l{,.N,O,S.

STORAGE
Store protected from light.
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II-1I2 Levornethadone Hydrochloride

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free waterR and dilute [0

50.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method1l).

Acidity or alkalinity
Dilute 10 mL of solution S to 25 rnL with carbon dioxide-free
waterR. To 10 mL of the solution add 0.2 rnL of methylred
solution Rand 0.2 rnL of 0.01 M sodium hydroxide.
The solution is yellow. Add 0.4 rnL of 0.01 M hydrochlom
acid. The solution is red.

Specific optical rotation (2.2.7)
-125 to -135 (dried substance), determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of thesubstance to be
examined in the mobile phase and dilute to 100.0 rnL with
the mobile phase.
Reference solution (a) Dilute 1.0 rnL of the test solution to
50.0 rnL with the mobile phase. Dilute 1.0 rnL of the
solution to 10.0 rnL with the mobile phase.

Reference solUlion (b) Dissolve 12.0 mg of imipramine
hydrochloride CRS in the mobile phase and dilute to 10 rnL
with the mobile phase. To I rnL of the solution add 5 rnL of
the test solution and dilute to 10 mL with the mobile phase.
Column:
- size: 1= 0.125 ID, 0 = 4.6 nun;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(5 1IIll);
- temperature: 25°C.

Mobile phase Mix 35 volumes of aatonitrik Rand
65 volumes of an 11.5 gIL solution of phaspharic acidR
adjusted to pH 3.6 with earaethylammonium hydroxide
solution R.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 210 am.

Equilibration About 30 min.

Injection 10 J1L.
Run time 7 times the retention time of levomethadone.
Retention time Levomethadone = about 5 min.
Systemsuitability Reference solution (b):
- reso/utUm: minimum 2.5 between the peaks due to

imipramine andlevomethadone.
Limits:
- any impurity: not more than 0.5 timesthe area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- total: not more than2.5 times the area of the principal
peakin the chromatogram obtained withreference
solution (a) (0.5 per cent);

- disregard limit. 0.25 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Dextromethadone
Liquid chromatography (2.2.29).

Test solution Dissolve 40.0 mg of thesubstance to be
examined in the mobile phase and dilute to 100.0 rnL with
the mobilephase.
Reference solution Dilute 1.0 rnL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 rnL of this
solution to 20.0 rnL with the mobile pbase.

2022

Column:
- size: 1= 0.25 m, (2) = 4.6 mm;
- stationary phase: 2-hydroxypropylbetadex for

chromatagraphy R (5 um),
- temperature: 10 "C.

Mobile phase Mix I volume of trielhylamine R adjusted to
pH 4.0 with phosphoric acidR, 15 volumes of acetomuiie R
and 85 volumes of a 13.6 gIL solution of potassium dihydrogen
phasphate R.
Flow rate 0.7 mUmin.

Detection Spectrophotometer at 210 run.
Equilibra,ion About 30 min.

Illiection IO 1'1-.
Relative retention Withreference to levomethadone:
dextromethadone = about 1.4.
Systemsuitability Test solution:
- number of theoretical plaus: minimwn 2000, calculated for

the peakdue to levomethadone;
- tailing factor: maximum 3 for the peak due to

levomethadone.
Limit:
- dextromethadone: not morethanthe area of the principal

peakin the chromatogram obtained with the reference
solution (0.5 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 40 rnL of waterR and 5 rnL
of acaic acidR. Titrate with 0.1 M silver nitrate. Determine
the end-point potentiometrically (2.2.20), using a silver
electrode.

I rnL of 0.1 M silver nurate is equivalent to 34.59 mg of
Cz,Hz.CINO.

STORAGE
Protected from light.

IMPURITIES
Spedfitd impurities A, B, C, D. E, F.

W
~C'N'::

- H

CH,

",0

~

A. (6S)-6-(dimethylarnino)-4,4-diphenyllieptan-3-one,

B. (4RS)-4-(dimethyiarnino)-2,2-diphenylpentanenitrile,
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MobUe phase B
(percent Vm

0 ..... 80100 -+ 20

Mobile phase A
(per cent JIll?

Tim.
(min)

0-50

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Practically insoluble in water. sparingly soluble in methylene
chloride, slightly soluble in ethanol (96 per cent).

IDENTIFICATION
A. Specific optical rotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison leoonotgestrel CRS.

TESTS
Specific optical rotation (2.2.7)
-35 10 -30.

Dissolve 0.200 g in methylene chloride R and dilute 10

20.0 mL with the same solvent.

Related substances
A. ImpuritiesA, B, H, K, M, 0, S, U. Liquid
chromatography (2.2.29).

Solvemmixture water R, acetmrjlriJe R (30:70 VII').

Test solution Dissolve 10.0 mg of thesubstance to be
examined in 7 mL of acetonitrile R usingsonication and dilute
to 10.0 mL with water R.
Reference solution (a) Dissolve 5 mg of levonorgestrel/or
system suitability 1 CRS (containing impurities A, H, K, M, 0
and S) in 3.5 mL of acetonitrile R usingsonication and dilute
to 5 mL with water R.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solutionto 10.0 mL with the solventmixture.
Reference solutWn (c) Dissolve 5.0 mg of levonorgestrel
jmpurity B CRS in 35 mL of auwnjlriJe R and dilute to
50.0 mL with waterR. Dilute 1.0 mL of the solution to
100.0 mL with the solventmixture.

Referenu solutWn (d) Dissolve 5.0 mg of norethiuenme CRS
(impurity U) in 35 mL of autonjtrrkR and dilute 10 50.0 mL
with water R. Dilute 1.0 mL of the solution to 100.0 mL
with me solventmixture.
Column:

- size: 1= 0.25 m, 0 ;;;: 4.6 mm;
- stationary phase: end-capped octylsj!YI silica gelfor

chromawgraphy with embedded polargroups R (5 pm);
- temperature: 30 "C.

MobjJe phase:
- mobile phase A: acelOnitn1e RJ, waterfor

chromawgraphy R (40:60 VII');
- mobUe phase B: acewninile Rl;

797-63-7

andenanliomer

andenanliomer

CH,

H3C....
N

.....CH3

H,C
H--··

312.5

~
H'C IH

OH
H H

: :
H H

o ""

~
: CN

I'"
""

D. (5RSj-6-(dimethylamino)-5-methyl-4,4-<1iphenylhexan-3­
one,

F. (2S)-2-[[(4-methylphenyl)sulfonyl]amino)penlanedioic
acid (N-J>-tosyl-L-g1ulamic acid).

Levonorgestrel
(Ph. Bur. monograph 0926)

C. (3RSj-4-(dimethylamino)-3-methyl-2,2­
diphenylbutanenitrile,

E. diphenylacetonitrile,

____________________ ""E<I

Action and use
Progestogen.

Preparations
Levonorgestrel Tablets
Levonorgesrrel and Ethinylestradiol Tablets

""E<I ~

DEFINITION
13-Ethyl-17-hydroxy-1B,19-dioor-17ct-prego-4-en-20-yn-3­
one.

Content
98.0 per cent to 102.0 per cent (driedsubstance).

Flow rate 0.7 mlJmin.

Detection Spectrophotometer at 2J5 run and, for
impurity 0, at 200 nm.
Injection 50 ~L

Identificotion of jmpulitres Use the chromatograms supplied
with levonorgeszrel for system sujUlbjJjty I CRS and the
chromatograms obtained withreference solution (a) at
215 run to identify the peaks due to impurities At H, K, M
and S, and at 200 nm to identify the peak due 10

impurity 0; use the chromatogram obtained with reference
solution (c) 10 identify the peak due to impurity B; use the
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A. 13-ethyl-17-hydroxy-I 8, 19-<linor-17a-pregna-4,8(14)­
dlen-20-yn-3-one,

~
H'C lH

OH
H

)#

H

o ""

Flow rate I mUmin.

Detection Spectrophotometer at 200 nrn.
Inj«.on 50 ~L.

Identification of impun·ties Use the chromatogram supplied
with levonorgeslrel for system suitability 2 CRS and the
chromatogram obtainedwithreference solution (a) to
identify me peaks due to impurities V and W.
Relative retention Withreference to levonorgestrel (retention
time = about 12 min): impurity W = about 0.9;
impurity V =about 1.9.

System suitabIlity Reference solution (a):
. - resdution: minimwn 2.8 between the peaks due to

impurity W and levonorgestrel.
Calculation ofpercentage amtetUs:

- for each impurity, use the concentration of
ethinylestradiol in reference solution (b).

Limits:
- impun'ty W: maximum 0.3 per cent;
- impun'ty V: maximum 0.15 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C,

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 45 mL of tetrahydrojUran R. Add 10 mL
of a 100 gILsolution of mwr nitrate R. After 1 min, titrate
with 0.1 M sadium hydroxide, determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

I mL or 0.1 M sodium hydroxide is equivalent to 31.25 mg or
C21H2S02.

STORAGE
Protected from light.

IMPURITffiS
Specified impwitjes A, BJ H, 1(, M.. 0, S, U, ~ w:
Otherdetsaabie impurili<s (thefollowing subsronces would, if
present at a sufficient levelJ be detecud by one orother of tm tests
In the monograph. Theyare limited by thegeneral acceptance
cri"rion for otherhmspecified impurities and/or by .he general
monograph Subsronces fur pharmaceutical use (2034). It is
therefore nOl necessary to identify these impun'ties fur
demonstration of complian<e. See also 5.10. Control of impuriti<s
in substances forpharmaceutical use) C, DJ G, I, J, L, N, P,
Q, R, T.

11-114 Levonorgestrel

chromatogram obtainedwith reference solution (d) to

identify the peak due to impurity U.

Relativeretention With reference to levonorgesrrel (retention
time =about 20 min): impurity H =about 0.5;
impurity U = about 0.8; impurity K = about 0.85;
impurity A = about 0.91; impurity M = about 0.95;
impurity 0 = about 1.16; impurity B = about 1.26;
impurity S =about 1.9.

Sy<tem suirobility:
- signal-to-noise ratio: minimum 60 for me principal peak

in the chromatogram obtained with reference
solution (b);

- peak-UMJal/ey ratio: minimum3.0, where Hp = height
above the baselineof the peakdue to impurity M and
HI) = height above the baseline of the lowestpoint of
the curveseparating this peakfrom the peakdue to
impurity A in the chromatogram obtained with
reference solution (8).

Calculation of percentage contents:
- correction factors: multiply the peakareas of the

following impurities by the corresponding correction
factor: impurity A =0.4; impurity M =3.1;
impurity 0 =2.6;

- for impurity BJ use the concentration of impurity B in
reference solution (c);

- for impurity U, use the concentration of impurity U in
reference solution (d);

- for impurities other man Band U, use me
concentration of levonorgestrel in reference
solution (b).

Limits:
- impurities A, B, K: for each impurity, maximum

0.3 per cent;
- impurity 0 at 200 nm: maximum 0.3 per cent;
- impun·tits M, S, U: foreach impurity, maximum

0.2 per cent;
- impurity H: maximum0.15 per cent;
- unspecified impuniies: for each impurity, maximum

0.10 per cent;
- sum of impun'tits other than 0: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

B. Impurities V and W. Liquid chromatography (2.2.29).

Solvenr mixture waterR, a"tonilri/eR (30:70 VII').
Test solution Dissolve 10.0 mg of the substance to be
examined in 7 mL of autonitrile R using sonication and dilute
to 10.0 mL with waterR.

Reference solution (a) Dissolve 5 mg of levonurgestrel for
system suirobility 2 CRS (containing impurities V and W) in
3.5 mL of acetonitn7e R using sonication and dilute to 5 mL
with waterR.
Reference solution (b) Dissolve 5.0 mg of ethinyleslTadiol CRS
in 35 mLof auwnitrile R using sonication and dilute to
50.0 mL with waterR. Dilute 3.0 mL of the solution to
100.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, (2) = 4.6 rnm;
- stationary phase: end-capped ocUldecy/silyl silica gelfur

chromatography rompatib/e with 100percentaquecus
mobile phases R (3 1U'l).

Mobile phase:
- mobile phase A: acetonitrile Rl, water for

chromatography R (40:60 VII');
- mobile phase B: waterfor chromatography R,

a"tonilri/e RI (10:90 VII');

Tim'
(min)

0-1

1 - 3

3-.
6 - 16

16·21

21 - 32

Mobile phase A
(per cent VIII)

92
92 --> 82

82

82 --> 60

60 ..... 0

o

2022

MobUe phase B
(per cent VIII)

8

8 ..... 18

18

18 40

40 100

100

www.webofpharma.com



2022 Levonorgestrel 11-115

~
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B. 13-ethyl-17-hydroxy-I 8, 19-dinor-17Cl-pregn-S(I 0)-en-20­
yn-3-one,

C. 13-ethyl-3-ethynyl-18,19-dinor-17Cl-pregna-3,5-dien-20­
yn-17-01.

diW
H,e r

OH
H H

i :
Ii H

-#

J. 13-ethyl-17-hydroxy-I 8, Ic-dinor-I'Ic-pregn-d-en-zn-yne­
3,6-dione (6-oxolevonorgesu-el),

o§P
H3e I'

. OH
H H

j !
H H

o -#

K. 13-ethyl-17P-hydroxygon-4-en-3-one (18­
methylnandrolone),

~
H,e 0

H H

~ ~
o ""

D. l3-ethyl-18,19-dinor-17Cl-pregn-4-en-20-yn-17-ol
(3-deoxolevonorgestrel»)

o
HC;' H

CH,
OH

L. 13-ethylgon-4-ene-3,17-dione (levodione),

M.13-ethyl-17-hydroxy-18,19-dinor-17,,-pregna-4,6-dien-2o­
yn-3-one (M-levonorgestrel),

Ci. 13-ethy~6«,17-dillydroxy-18,19-dinor-17Cl-pregn-4-en-20­
yn-3-one (6«-hydroxylevonorgestrel),

eH
H,e ,

OH

!
H OH

H. 13-ethyl-6p,17-dillydroxy-18,19-dinor-17Cl-pregn-4-en-20­
yn-3-one (6Jl-hydroxylevonorgestrel),

oBP
H,e lH

OH
OH H

~ ~
o -#

I. 13-ethyl-l0, 17-dillydroxy-18,19-dinor-17Cl-pregn-4-en-20­
yn-3-one (IO-hydroxylevonorgestrel),

~
H': , 0

I':' ,:,
o

N. l3-ethylgon-S(1 0)-ene-3,17-dione (l\S(IO)-levodione),

o§P
H,e r

OH
H H

~ ~
o ;

OCH,

O. 13-ethyl-17 -hydroxy-Sc-methoxy-lft,19-dinor-17Cl-pregn­
20-yn-3-one (4,S-dillydro-S,,-methoxylevonorgestrel),
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riBP
H' C /ifH

OH
H H

~ ~

° '"
d;P

H' C r
OH

,. l

I it
o '"

P. 13-ethyl-17-hydroxy-I 8, 19-dinor-17a-pregn-5-en-20-yn-3­
one (A5-levonorgestre1),

W.13-ethyl-17-hydroxy-18,19-dinor-17a-pregna-5,7,9-trien­
20-yn-3-one.

____________________ PhElI

(ph. Bur. Monograph 0401)

Levothyroxine Sodium

25416-65-3

,

':q°fu"" I I '" H .NH,

HO ~ I ~ 'c~Na'

I

C15H104NNaO..,xH,O (x '" 5) 799
(anhydrous substance)

uBP
H' C :"

OH
H

I I it it
H,CO

Q. 13-erhyl-3-methoxygona-2,5(1O)-dien-17p-ol,

R. 13-ethyl-3-methoxygona-2,5(1O)-dien-17-one,

riBP
H' C r

OH
H H

H Ii
H3CO ~ ~

Action and use
Thyroid hormone replacement.

Preparations
Levothyroxine Oral Solution
Levothyroxine Tablets

PhElI _

S. 13-ethyl-3-methoxy-18,19-dinor-17a-pregna-3,5-dien-20­
yn-17-ol,

uBP
H' C /ifH

OH
H

Ii Ii
H,CO

T. 13-erhyl-3-methoxy-18,19-dinor-17a-pregna-2,5(10)-dien­
20-yn-17-ol,

CH

ofiP
·CH,f OH

H H

~ ~
o -'"

U. 17-hydroxy-19-nor-17a-pregn-4-en-20-yn-3-one
(norethisterone),

V. 13-ethyl-3-methoxy-18,19-dinor-17«-pregna-1,3,5(1 0)­
rrien-20-yn-17-ol,

DEFINITION
Sodium (2S)-2-amino-3-[4-(4-hydroxy-3,5-dilodophenoxy)­
3,5-diiodophenyl]propanoate.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

It contains a variable quantity of water.

CHARACTERS
Appearance
Almost white or slightly brownish-yellow, fine, slightly
hygroscopic, crystalline powder.
Solubility
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent). It dissolves in dilute solutions of alkali
hydroxides.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison kvothyroxine sodium CRS.

B. To 200 mg add 2 mL of dr7uUl '"!furn: acidR. Heat on a
water-bath and thencarefully overa naked flame, increasing
the temperature gradually up to 600 ± 50 "C. Continue the
ignition until most of the black panicles havedisappeared.
Dissolvethe residue in 2 mL of water R. The solution gives
reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.500 g in 23 mL of a gently boiling mixture of
I volume of 1 M hydrochlori< acidand 4 volumes of ethanol
(96 per cen!> R. Cool and dilute to 25.0 mL with rhe same
mixture of solvents.
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Appearance of solution
Freshly prepared solutionS is not more intensely coloured
than reference solution BY3 (2.2.2, MethodII).

Specific optical rotation (2.2.7)
+ 16 to + 20 (anhydrous substance), determined on fresWy
prepared solution S.

Related substances
liquid chromatography (2.2.29). Cany out the ,estprotected
from light.
Solventmixture Mobile phase A, ethanol (96 per cen') R
(1:2 VIV).

Test solution Dissolve 25.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture. Dilute 10.0 mL of the solution to
25.0 mL with the solvent mixture.
Reference solution (a) Dissolve 2.5 mg of levothyroxine
sodium CRS and 2.5 mg of liothyronine sodium CRS
(impurity A) in the solvent mixture and dilute to 25.0 mL
with the solvent mixture. Dilute 1.0 mL of the solution to
50.0 mL with the solvent mixture.
Reference 'olulion (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the solventmixture.
Reference ,00u'ion (c) Dissolve 25.0 mg of levothyroxine
sodium CRS in the solvent mixture and dilute to 50.0 mL
with the solvent mixture. Dilute 10.0 mL of the solutionto
25.0 mL with the solvent mixture.

Reference solulion (d) Dissolve 2.0 mg of levothyroxine for
peak identification CRS (containing impurities F and G) in
10.0 mL of the solvent mixture and sonicate for 10 min.
Column:
- size: 1= 0.15 m, 0 = 4.0 turn;
- stationary phase: end-capped octadecylsi!YI silica gelfor

chromatography R (3 JUD).

Mobile phase:
- mobile phase A: dissolve 1.97 g of phosphoric acidR in

water R and dilute to 2 L with the same solvent;
- mobile phaseB: dissolve 1.97 g of phosphoric acid R in

acetom·triJe R1 and dilute to 2 L with the samesolvent;

Time MobUe phase A Moblle phase B
(min) (per cent VIV) (per cent VIV)

0-10 70 30

10·40 70 --. 20 30 --. 80

40· 50 20 80

Flow rate I rnIJrnin.

Detection Spectrophotometer at 225 IUD.

Inj~tion 25 J.lL of the test solution andreference
solutions (a), (b) and (d).

ldentification of impurities Use the chromatogram supplied
with Ievo,hyroxine for peak identlficotion CRS and the
chromatogram obtained with reference solution (d) to
identify the peaks due to impurities F and G.

Relative retention With reference to levothyroxine (retention
time = about 11 min): impurity A = about 0.5;
impurity F = about 2.0; impurity G = about 2.4.

System suitability Reference solution (a):
- resolution: minimum 5.0.between the peaks due to

impurity A and levothyroxine.

Limits:
- impun"ty A: not more than the area of the corresponding

peak in the chromatogram obtained With reference
solution (a) (1.0 per cent);

Levothyroxine Sodium 11-117

- impurity F: not more than 5 times the area of the peak
due to levothyroxine in the chromatogram obtained with
reference solution (b) (0.5 percent);

- impurity G: not more than3 times the area of the peak
due to levothyroxine in the chromatogram obtained with
reference solution (b) (0.3 percent);

- unspecified impun"ties: foreach impurity, not more than
twice the area of the peakdue to levothyroxine in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

- total: maximum 2.0 percent;
- disregard It"mil: 0.5 times the area of the peakdue to

levothyroxine in the chromatogram obtained with
reference solution (b) (0.05 per cent).

The thresholds indicated underRelated substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

Water (2.5.32)
6.0 per cent (Q 12.0 per cent, determined on 0.100 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
lnj«lion Test solutionand reference solution (c).
Calculate the percentage contentof CISHH)~NNa04 taking
into account the assigned content of lewthyroxine
sodium CRS.

STORAGE
In an airtight container) protected from light, at a
temperature of 2 °C to 8 "C.

IMPURITIES
Specified impurities A, F, G.

Otherdetectable impurities (the follm»ing substances would, if
present at a sufficient level) be deteaed by one or other of the tests
in 'he monograph. They arelimired Iry thegeneral acceptanee
criterion for otherlunspecified impurities. II istherefore no'
necessary w identify these impunlie.s for demonstration of
compliance. Seealso 5.10. Control of impun"lies in substances for
pharmaceutical use) B, C} D} E, H, I, J} K.

I

q olli""'I I'" H.NH,

HO~ I.-::? 'CO:!H

I

A. (2S)-2-arnino-3-[4-(4-hydroxy-3-iodophenoxy)-3,5­
dliodophenyljpropancic acid (liothyronine),

B. (2S)-2-arnino-3-[4-(3-chloto-4-hydroxy-5-iodophenoxy)­
3,5-d.iiodophenyl]propanoic acid,

I

qo~~I I"", Co,H
HO ,

I

C. [4-(4-hydroxy-3-iodophenoxy)-3,5-diiodophenyl]acetic
acid (triiodothyroacetic acid),
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I

'qOQ""I 1# CO,H
HO ,

,
D. [4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl]acetic

acid (tetraiodothyroacetic acid),

D °x)y'?' I I "" H .NH,

HO ~ I # CO;:H

E. (2S)-2-aOOno-3-[4-(4-hydroxyphenoxy)-3,5­
diiodophenyl]propanoic acid (diiodothyronine),

Lidocaine
(ph. Eur. Monograph 0727)

234.3

Action and use
Local anaesthetic; Class I antiarrhythntic.

Preparation
LidocaineOintment

137-58-6

'I
I

F. (2S)-2-antino-3- [4-[4-(4-hydroxy-3,5-dilodophenoxy)-3,5­
dilodophenoxy)-3,5-diiodophenyl)propanoic acid,

G. unknown structure,

H. 4-(4-hydroxy-3,5-diiodophenoxy)-3,5-dilodobenzoic acid,

I. 4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodobenzaldehyde,

J. (2S)-2-antino-3-[4-(4-hydroxy-3-iodophenoxy)-3­
iodophenyl]propanoic acid,

I

'q0'(}y?' I 1 "" H .NH,

HO "" # Co,H,
K. (2S)-2-aOOno-3-[ 4-(4-hydroxy-3,5-diiodopbenoxy)-3­

iodophenyl]propanoic acid.
____________________ PIlE"

PIlE" _

DEFINITION
2-(Diethylamino)-N-(2,6-dimethylphenyl)acetaOOde.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Sclubllity
Practically insoluble in water, very soluble in ethanol
(96 per cent) and in methylene chloride.

IDENITFICATION
First identification: A.
Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison lidoco,'ne CRS.

B. Melting point (2.2.14): 66 "C to 10 ·C, determined
withoutprevious drying.
C. To about 5 mg add 0.5 mL offuming nilric acidR.
Evaporate to dryness on a water-bath, cool, and dissolve the
residue in 5 mL of acetone R. Add 0.2 mL of alcoholic
poUlSSium hydroxide so/ution R. A green colour develops.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve50.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference So/lilian (a) Dissolve 50.0 mg of
2,6-dimethylaniline R (impurity A) in the mobile phase and
dilute to 100.0 mL with the mobile phase. Dilute 10.0 mL of
this solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of 2-<hlorcrN-(2,6­
dimethyiphet!Yl)acelamide R (impurity H) in the mobile phase
and dilute to 10.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution '0
10.0 mL with the mobile phase.

Reference solution (d) Mix 1.0 mL of reference solution (a),
1.0 mL of reference solution (b) and 1.0 mL of reference
solution (c), then dilute to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 = 3.9 mID;
- stationary phase: end-copped polar-embedded octade<ylsilyl

amorphous organosilica polymer R (5 um);
- temperature: 30 'c.
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Mobile phase Mix 30 volumes of acetonitrile for
chromatography R and 70 volumes of a 4.85 gIL solution of
potassium dihydrogen phosphate R previously adjusted to
pH 8.0 with strong sodium hydroxide solution R.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 230 om.
Injection 20 ~L.

Run time 3.5 times the retention time of lidocaine.
Rdat;ve retention Wir:h reference to lidocaine (retention
time =about 17 min): impurity H =about 0.37;
impurity A = about 0.40.

Systemsuitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities Hand A.

Limits:
- impuniy A: not more than the area of me corresponding

peakin the chromatogram obtained with reference
solution (d) (0.01 per cent);

- unspecified impuruies: for each impurity) not more than tile
area of the peakdue (0 lidocaine in the chromatogram
obtainedwith reference solution (d) (0.10 per cent);

- weal: not more than 5 times the area of the peak due to
lidocaine in the chromatogram obtained with reference
solution (d) (0.5 per cent);

- disregard limit: 0.5 times the area of me peakdue to

lidocaine in the chromatogram obtained with reference
solution (d) (0.05 per cent).

Chlorides (2.4.4)
Maximum 35 ppm.
Dissolve 1.4 g in a mixtuie of 3 rnLof dilute nitric acid Rand
12 mL of waterR.

Sulfates (2.4.13)
Maximwn 0.1 per cent.
Dissolve 0.2 g in 5 mL of ethanol (96 per<en!> R and dilute
to 20 mL with d~tilled water R.

Water (2.5.12)
Maximwn 1.0 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
To 0.200 g add 50 mL of anhydrous acetic acidR and stir
until dissolution is complete. Titrate with 0.1 M perchlotic
acid, determining the end-point potentiometrically (2.2.211).
I mL of 0.1 M perehloric acid is equivalent to 23.43 mg
ofCHH22NzO.

IMPURITIES
Specified impurities A.
Otherdetectable impurities (thefolWwing substances would, if
present at a suffitient level, bedetected by one orother of the tests
in the monograph. They are limited by the general acceptance
criterion for otherlunspecified impurities and/or by the general
monograph Subslances for pharmaceutical use (2034). It ~
therefore not n«essary /Q identify these impurities for
demonstration of compliance. See abo 5.10. Control of impurities
in substanas forpharmaceutical use) B, C, D, E, F, G, H,
I, s.

CH,

A NH
'

U CHs

A. 2,6-<1imethylaniline,

Lidocaine II-119

B. 2-(diethylazinoyl)-N-(2,6-dimethylphenyl)acetamide
(lidocaine N-oxide),

C. N-(2,6-dimethylphenyl)acetamide,

D. N-(2,6-dimethylphenyl)-2-(ethylamino)acetamide,

E. 2,2'-iminobis(N-(2.6-dimethylphenyl)acetamide),

F. 2-(diethylamino)-N-(2,3-dimethylphenyl)acetamide,

G. N-(2.6-dimethylphenyl)-2-(I-methylethyl)amino)
acetamide,

J:--~la
Uo

CH,

H.2-chloro-N-(2,6-dimethylphenyl)acetamide,

I. 2-(diethylamino)-N-(2,4-dimethylphenyl)ac«amide,

J. 2-(diethylamino)-N-(2,5-dimethylphenyl)acetamide.
____________________ PhEur
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PhEIr _

Testsolution Dissolve 50.0 mg of the substance to be
examined in the mobile phaseand dilute to 10.0 mL with
the mobile phase.
Reference sdiuion (a) Dissolve 50.0 mg of
2,6-dimethylaniline R (impurity A) in the mobile phase and
dilute to 100.0 mL with the mobile phase. Dilute 10.0 mL of
the solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of 2-ehIonrN-{2,6­
dimethy/phenyl)ae<tamide R (impurity H) in the mobile phase
and dilute to 10.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase.

Reference solution (d) Mix 1.0 mL of reference solution (a),
1.0 mL of reference solution (b) and J.O mL of reference
solution (c), and dilute to 100.0 mL with the mobile phase.

Column:
-" size: 1= 0.15 m, 0 = 3.9 nun;
- stationary phase: end-capped polar-embedded octadecylsi1yl

amorphous organosilica polymer R (5 J1IIl);
- temperature: 30 ·C.

Mobile phase Mix 30 volumes of a«lOnitrile for
chromatography R and 70 volumes of a 4.85 gIL solution of
potassium dihydrogen phosphate R previously adjusted to
pH 8.0 with strong sodium hydroxide solution R.
F/Qw rate 1.0 mIlmin.

Detection Spectrophotometer at 230 nm.
Injection 20 j.tL of the test solutionand reference
solutions (a), (b) and (d).

Run time 3.5 times the retention time of lidocaine.
Identification of impuritks Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurity A; use the chromatogram obtained with reference
solution (b) to identify the peak due to impurity H.

Relative retention Withreference to lidocaine (retention
time =about 17 min): impurity H =about 0.37;
impuriry A = about 0.40.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities H andA.
Limits:
- impurUy A: not more than thearea of the corresponding

peak in the chromatogram obtained with reference
solution (d) (0.01 per cent);

- unspecified impun·ties: for each impurity, not more thanthe
area of the peak due to lidocaine in the chromatogram
obtainedwith reference solution (d) (0.10 per cent);

- total: not more than 5 times the area of the peakdue to
lidocaine in the chromatogram obtained with reference
solution (d) (0.5 per cent);

- disregard limit: 0.5 times the area of the peakdue to
lidocaine In the chromatogram obtained with reference
solution (d) (0.05 per cent); do not disregard the peak
due to impurity A .

Water (2.5.12)
5.5 per cent to 7.0 per cent, determined on 0.25 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.220 g in 50 mL of ethanol (96 pere<nt) R and add
5.0 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

6108-05-0288.8

Action and use
Localanaesthetic; ClassI antiarrhythmic.
Preparations
Lidocaine Gel

Lidocaine and Chlorhexidine Gel
Lidocaine Injection
Lidocaine and Adrenaline InjeetionlLidocaine and
Epinephrine Injection
Lidocaine Intraocular Injection
Lidocaine Sterile Solution

Lidocaine Hydrochloride
Monohydrate
lidocaine Hydrochloride

(Ph. Bur. monograph 0227)

DEFINITION
2-(Diethylamino)-N-(2,6-dimethylphenyl)acetamide
hydrochloride monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENflFICATION
First identification: B, D.
Second identification: A, C, D.
A. Melting point (2.2.14): 74"C to 79 "C, determined
without previous drying.
B. Infrared absorption spectrophotometry (2.2.24).

Comporison Iid«aine hydrochloride CRS.
C. To about 5 mg add 0.5 mL offuming nUri< acidR.
Evaporate to dryness on a water-bath, cool and dissolve the
residue in 5 mL of a«lOne R. Add 0.2 "..1.of alcolw1ie
potassium hydroxi'de solution R. A green colouris produced.
D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

pH (2.2.3)
4.0 to 5.5.

Dilute 1 mL of solution S to 10 mL with carbon dwxide-jru
waterR.

Related substances
Liquid chromatography (2.2.29).
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I mL of 0.1 M sodium hydroxide is equivalent to 27.08 mg
of C 14H23CJN,O.

STORAGE
Protected from light.

IMPURITIES
Specified impuriries A.
Otherdetectable impurities (the following substane<s would, if
present at a sufficient level, bedeuaed by oneor other of the tests
in the monograph. They are/imired by thegeneral acceptance
crirerion for ather/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). 1. is
therefore notnecessary to i'dentify these impurities for
demonstration of compliance. See also 5.JO. Control of impunOties
in substances for pharmaceutical use) B, C, V, E, F, G, H, 1,
J, K.

CH,

)y~If'CI
UCH~

H.2-chloro-N-(2,6-dimethylphenyl)acetamide,

I. 2-(diethylamino)-N-(2,4-dimethylphenyl)acetamide,

A. 2,6-dimethylaniline,

J. 2-(diethylamino)-N-(2,5-dimethylphenyl)acetamide,

K. N-(2,6-dimethylphenyl)-2-(ethylmethylamino)acetamide.
___________________ '''''''

(Ph. Eur. monograph 0583)

Lincomycin Hydrochloride **** ** ** ****

M,

481.0

447.0

ClaH35CIN2°aS.H20

C17H:;3CIN2~S.H20

Molecular fonnula

f
,t 'H ~Hq.H

'" ~--- CH,
H-- (HO 0

o OH

R S,
OH CH3

Unoomycin CH3
Uncomycln B H

Compound R

B. 2-(diethylazinoyl)-N-(2,6-dimethylphenyl)acetamide
(lidocaine N 2-oxide),

C. N-(2,6-dimethylphenyl)acetamide,

D. N-(2,6-dimethylphenyJ)-2-(ethylamino)acetamide,

PhE" _

DEFINTIlON
Mixture of antibiotics produced by Streptomyces lincolnensis
var. lincolnensis or obtained byany othermeans, the main
component being methyl 6,8-dideoxy-6-[[[(2S,4R)-I-methyl­
4-propylpyrrolidin-2-yl]carbonyl]amino]-I-thio-D-erythro-«-D­
ga/act<>-octopyranoside (lincomycin) hydsochloride
monohydrate.

Content
- sum of the contents of lincomycin hydrochloride and

lincomycin B hydrochloride: 96.0 per cent to 102.0 per cent
(anhydrous substance);

7179-49-9Lincomycin hydrochloride monohydrate

Action and use
Antibacterial.

Preparations
Lincomycin Capsules
Lincomycin Injection

E. 2-2'-(azanediyl)bis[N-(2,6-dimethylphenyl)acetamidej,

F. 2-(diethylamino)-N-(2,3-dimethylphenyl)acetamide,

G. N-(2,6-dimethylphenyJ)-2-[(I-methylethyl)
amino]acetamide,
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- lincomycin B hydrochlon"tk: maximum 5.0 per cent
(anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solublllty
Very soluble in water, slightly soluble in ethanol
(96 per cent), very slightly soluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison lincomycin hydrochloride CRS.
B. Dissolve 0.1 g in waw R and dilute to 10 mL with the
same solvent. The solutiongives reaction (a) of chlorides
(2.3.1).

TESTS
. Solution S

Dissolve 2.0 g in carbon dioxide-jree water R and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solutionY6 (2.2.2, Method II).

pH (2.2.3)
3.5 to 55 for solution S.

Specific optical rotadon (2.2.7)
+ 135 to + 150 (anhydrous substance).

Dissolve 1.000 g in waW R and dilute 10 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to be
examinedin me mobile phase and dilute to 10.0 mL with
the mobilephase.
Reference solmWn (a) Dissolve 25.0 mg of lincomycin
hydrochloride CRS in the mobile phase and dilute 10 10.0 mL
with the mobile phase.

Reference solution (b) Dissolve 5 mg of lincomycin
hydrochloride for system suitabiliry CRS (containing
impurities A, Band C) in 2 mL of the mobile phase.

Reference solution (c) Dilute 2.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Reference solutWn (d) Dilute 1.0 mL of reference solution (c)
10 20.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped ocrylsi(yl silica

gelfor chromawgraphy R (5 um),
- temperature: 50 "C.

Buffer solution pH 6.1 Dissolve 34 g of phosphoric acidR in
900 mL of waterfor chromawgraphy R, adjust 10 pH 6.1 with
concentrated ammonia R and dilute 10 1000 mL with waW for
chromawgraphy R.
Mobile phase methanol R, acetonitrile RJ, buffer solution
pH 6.1 (8:17:75 VIV/V).

Flow rate I mlJmin.
Detection Spectrophotometer at 210 run.
injection 20 J.1L of the test solution and reference
solutions (b), (c) and (d).

Runtime 5.5 times the retention timeof lincomycin.
Relativeretention With reference (0 lincomycin (retention
time = about 10 min): impurity C = about 0.4;
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lincomycin B = about 0.5; impurity A = about 0.7;
impurity B =about 1.2 and 1.3.

System suitability Reference solution (b):
- resolution: minimum 1.8 between the peak due to

lincomycin and the t" peakdue [0 impurity B.
Limits:
- impun",y A: not more than 5 times the area of the

principal peak in the chromatogram obtained with
reference solution (d) (0.5 per cent);

- sum of the areas of the peaks due to impun"ty B: not more
than 5 times the area of the principal peakin the
chromatogram obtainedwith reference solution (d)
(0.5 per cent);

- impun"'Y C: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (d) (0.2 per cent);

---..,. unspecified impurities: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (d) (0.10 per cent);

- total: normore than the area of the principal peak in the
.chromatogram obtained with reference solution (e)

I (2.0 per cent);
- disregard limit: 0.5 times the area of the principal peak in

the chromatogram obtained withreference solution (d)
(0.05 per cent).

Water (2.5.12)
3.1 per cent to 4.6 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.5 per cent, detennined on 1.0 g.

Bacterial endotoxin. (2.6.14)
Less than 0.50 ill/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances with the following modification.
ltifuticn Test solution and reference solutions (a) and (e).

Calculate the percentage content of C18H3SClN206S
(lincomycin) and C 17H"CIN,O.S (lincomycin B) laking into
account the assigned content of ClsHJsClN206S in
lincomycin hydrochloritk CRS. Determine the content of
lincomycin by comparing with the area of the peakdue to
lincomycin in the chromatogram obtained with reference
solution (a)" Determine the content of lincomycin B by
comparing with the areaof the peakdue to lincomycin in the
chromatogram obtainedwith reference solution (c).

STORAGE
At a temperature not exceeding30 "C. If the substance is
sterile, store in a sterile, airtight, tamper-evident container.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impurities (me following substances would, if
pr.:.<ent at a su/ficient level, be detected by oneor otner of the tests
in the monograph. They are limited by me general acceptance
cruerion for otherhmspecified iinpurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
there/we not necessary to identify these impun"lies for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) D, E, F.
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2022 LinoleoyI Macrogolglycerides II-123

Linoleoyl Macrogolglycerides
(Ph. Eur. monograph 1232)

Action and use
Excipient.

**** ** ** ****

A. methyl 6,8-<lideoxy-6-[[[(2R,4R)-I-methyl-4­
propylpyrrolidin- 2-yl]carbonyl]amino]- I-thio-D-erythro-<.<­
o-galacro-octopyranoside (a-amide epimer),

B. methyl 6,8-<1ideoxy-6-[[[(2S,4EZ)-I-methyl-4­
propylidenepyrrol idin-2-yl]carbonyl] amino]-I -thio-n­
erythro-«-D-ga/cuto-octopyranoside (propylidene
analogues),

C. methyl 6,8-dideoxy-6-[[[(2S,4R)-4-propylpyrrolidin-2-yl]
carbonyl]amino]- I -thio-D-erythro-o:-tv-galaao­
oetopyranoside (N-desmethyl lincomycin),

D. methyl 6,8-dideoxy-6-[[[(2S,4R)-I -methyl-4­
propylpyrrolidin-2-yl]carbonyl]amino]- I-thio,L-thrro-o:-D­
galacto-ocropyranoside (7-epi-lincomycin),

E. (2S,4R)- I -methyl-4-propylpyrrolidine-2-carboxylic acid
(4-propyl hygric acid),

F. methyI6-amino-6,8-dideoxy-I-thio-D-erythro-<.<-D-galcu/l}­
oetopyranoside (methyl- I -thiolincosarninide).

___________________ POE"

PO"' _

DEFINITION
Mixtures of monoesters, diestersand triestersof glycerol and
monoesters and diesters of macrogols.
They are obtained by partial alcoholysis of an unsaturated oil
mainly containing triglycerides of linoleic «9Z,12Z)-oetadeca­
9,12-dienoic) acid, using macrogol with a mean relative
molecularmass between300 and 400, or by esterification of
glycerol and macrogol with unsaturated fatty acids,or by
mixing glycerol estersand condensates of ethylene oxide with
the fatty acids of this unsaturated oil.

CHARACTERS
Appearance
Amber, oily liquid which maygive rise to a depositafter
prolongedperiodsat 20 QC.

Solubility
Practically insoluble but dispersible in water, freely solublein
methylenechloride.

Relative density
About 0.95 at 20 "C.

Refractive index
About 1.47 at 20 "C.

Viscosity
About 35 rnl'a-s at 40 "C.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 1.0 g of the substance to be examined
in methylene chloride R and dilute to 20 mL with the same
solvent.
Plate TLC silica gelplate R.
Mobile phase hexaneR, ether R (30:70 VIV).

ApplicatWn 10 ilL.
Development Over a path of 15 em.

Drying In air.
Detection Spray with a 0.1 gILsolutionof rhodamine B R in
ethanol (96 per cen!> R and examine in ultraviolet light at
365 nm.
Results The chromatogram shows a spot due to triglycerides
with an RF value of about0.9 (Rn 1)_and spots due to
1,3-diglycerides (R" 0.7), to 1,2-<liglycerides (R" 0.6), to
monoglycerides (Rn 0.1) and to esters of macrogol (Rn 0).

B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 2.0, determined on 2.0 g.

Hydroxyl value (2.5.3, Method A)
45 to 65, determlned on 1.0 g.

Iodine value (2.5.4, Method A)
90 to IIO.

Peroxide value (2.5.5, MethodA)
Maximum 12.0, determined on 2.0 g.
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II-124 Linseed Oil

Saponification value (2.5.6)
150 to 170, determined on 2.0 g.

Alkaline impurities
Introduce 5.0 g into a test tube and carefully add a mixture,
neutralised if necessary with 0.01 M hydrochloric acidor with
0.01 M sodium hydroxide, of 0.05 rnL of a 0.4 gIL solution of
bromophenol blueR in ethanol (96 percent) R, 0.3 rnL of
waterR and 10 rnL of ethanol (96 percent) R. Shake and
allow to stand. Not more than 1.0 rnL of 0.01 M hydrochloric
add is required [0 change the colourof the upperlayer to
yellow.

Free glycerol
Maximum 3.0 per cent.

Dissolve 1.20 g in 25.0 rnL of methylem chloride R. Heat if
necessary. Aftercooling, add 100 mL of water R. Shakeand
add 25.0 mL ofperiodic acetic acidsolution R. Shake and allow
to stand for 30 min. Add 40 rnL of a 75 gIL solution of
potassium iodide R. Allow to stand for I min. Add 1 rnL of
starch solution R. Titrate the iodine with O. J M sodium
thiosulfate. Carry out a blank titration.

I mL of 0.1 M sodium thiosulfate is equivalent to 2.3 mg of
glycerol.

Composition of fatty acids (2.4.22, MethodA)
Composition of thefatty-acid fraction of the subs..nce:
- palmitic acid: 4.0 per cent to 20.0 per cent;
- stearic acid: maximum 6.0 per cent;
- olei: acid: 20.0 per cent to 35.0 per cent;
- linoleic acid: 50.0 per cent to 65.0 per cent;
- linolenic add: maximum 2.0 per cent;
- arachidic acid: maximum 1.0 per cent;
- eicosenoic add: maximum 1.0 percent.
Ethylene oxide and dioxan (2.4.25)
Maximum I ppm of ethylene oxide and maximum 10 ppm
ofdioxan.

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g. Use a mixture
of 30 volumes of anhydrous mtlhanolRand 70 volumes of
methylene chlaricle R as solvent.

Total ash (2.4.16)
Maximum 0.1 per cent.

STORAGE
Protected from light.

LABELLING
The labelstates the type of macrogol used (mean relative
molecularmass) or the numberof units of ethylene oxide per
molecule (nominal value).

FUNCTIONAIJTY-RELATED CHARACTERISTICS
This section prooides infonnalion on characteristics that an?
recognised as being relevant rontrol parameters forone ormore
functions of thesubstanu when used as an excipient (see chapter
5.15). Some of thecharacteristics described in the Functionality­
related characteristics section may also bepresent in themam/awry
part of the monograph since they also represent mandatory quality
criteria. In such cases, a cross-referena to the tests described in the
mandatory part is included in theFunctionaJity-rtlated
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal produce by improving the consistency
of the m,>nufacturing process and theperformance of the medicinal
product (luring use. W'here control methods arecited, they an?
r«ogniseJ as being suitable for thepurpose, butother methods can
also be used. Wherever results for a particular charaaeristk are
reported, the control method must be indicated.
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Thefollowing characteristics may be relevant for li'lOleoyl
maerogolglyeerides usedas self-emuuifying agenlS and solubuism.

Hydroxyl value
(see Tests).

Saponificadon value
(see Tests).

Composition of fatty acids
(see Tests).
___________________ PhE"

Virgin Linseed Oil
(Ph. Eur. monograph 1908)
PhE,; _

DEFINITION
Patty oil obtained by cold expression from ripe seeds of
Linum usitatissimum L. A suitable antioxidant may be added.

CHARACTERS
Appearance
Clear, yellow or brownish-yellow liquid, on exposure to air
turning dark and gradually thickening. When cooled, it
becomes a soft mass at about -20°C.

Solubility
Very slightly soluble in ethanol (96 per cent), miscible with
light petroleum.

Relative density
About 0.931.

Refractive Index
About 1.480.

IDENTIFICATION
Fi", identification: B, C.
Second identification: A, B.
A. Ideotification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained is similar to the
corresponding chromatogram shownin Figure 2.3.2.-1.
B. Iodine value (see Tests).

C. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 4.5.

Iodine value (2.5.4)
160 to 200.

Peroxide value (2.5.5, MethodA)
Maximum 15.0.

Saponification value (2.5.6)
188 to 195; carry out the saponification for I h.

Unsaponifiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.

Composition of fatty acids
Gas chromatography (2.4.22, MethodC). Use the calibration
rnixture in Table 2.4.22.-3.

Composition of thefatty-aeid fraction of theou:
- fally acids IOith a chain length less than C,,: maximum

1.0 per cent,
- palmitic acid: 3.0 per cent to 8.0 per cent,
- palmitoleic acid: maximum 1.0 per cent,
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2022 Liothyronine Sodium 11-125

PIlE" _

_~ Pl>EIr

Time MobUe phase A MobUe phase B
(min) (per cent VIJI) (per cent VIII)

0-3 75 25

3-4 75 ..... 70 25 ..... 30

4 - 14 70 30
14 - 44 70 -l 20 30 ---> 80

44 - 54 20 80

D. To about 50 mg in a porcelain dishadd a few dropsof
sulfuric add R and heat. Violetvapour is evolved.
E. To 200 mg add 2 mL of dihue sulfuric acidR. Heat on a
water-bam and then carefully over a naked flame, increasing
the temperature gradually up to about600°C. Continue the
ignition until most of the particles have disappeared. Dissolve
the residuein 2 mL of waterR. The solution gives
reaction (a) of sodium (2.3.1).

TESTS
Specific optical rotation (2.2.7)
+ 18.0 to + 22.0 (dried substance).

Dissolve 0.200 g in a mixture of I volwne of 1 M hydrochlori<
acid and 4 volumes of ethanol (96 perWlU R and dilute '0
20.0 mL with the same mixture of solvents.

Related substances
Liquid chromatography (2.2.29). Protea the rolutionsfrom ligh'
/hroughou' the <esc
Solution A Mix 10 volumes of mobile phase A with
90 volwnes of methanol R.
Solution B Mix 30 volwnes of mobile phase Band
70 volumes of mobile phase A. Mix equa! volwnes of this
solution with solutionA.
Test solution Dissolve 20.0 mg of thesubstance to be
examined in 20 mL of solution A. Dilute 4.0 mL of this
solution to 20.0 mL with solutionB.
Reference solution (a) Dissolve 2.5 mg of lewthyroxine
sodium CRS (impurity A) and 2.5 mg of liothyronine
sodium CRS,insolutionA and dilute to 25 mL with the same
solution. Dilute 1.0 mL of this solution to 50.0 mL with
solution B.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with solution B.
Reference solution (c) Dissolve the contents of a vial of
I;,,/hyronine for peak idenaflca,;"n CRS (containing impurities
A, B, C, D and E) in solution B and dilute to 1.0 mL with
thesame solution.
Reference sdution (d) Dissolve 20.0 mg of I;"thyronine
sodium CRS in 20 mL of solution A. Dilute 4.0 mL of this
solution to 20.0 mL with solution B.
Blank solution Solution B.

Column:
- size: 1= 0.15 m, 0 = 4.0 mm;
- stationary phase: 'nd-eapped octadecy/si(yl silica gelfor

chromatography R (3 urn).

Mobile phase:
- mobilephase A: dissolve 9.7 g of sdfamic acid R in wa'erR

and dilute to 2000 mL with the samesolvent; add 1.5g
of sodium hydroxid, R and adjust to pH 2.0 with 2 M
sodium hydroxidi;

- mobile phaseB: acetonitrile RJj

Flow rate 1 mUmin.

Detection Spectrophotometer at 225 om.
Injection 25 ~ of the test. solution and reference
solutions (a), (b) and (c).

55-06-1

**** ** ** ****

673

(Ph. Eur. monograph 0728)

Action and use
Thyroid hormone replacement.

Preparation
Liothyronine Tablets

Liothyronine Sodium

DEFINITION
Sodiwn (2S)-2-amino-3-[4-(4-hydroxy-3-iodophenoxy)-3,5­
diiodophenyl)propanoate.

Content
95.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly coloured, hygroscopic powder.

Solubility
Practically insoluble in water; slightly soluble in ethanol
(96 per cent). It dissolves in dilutesolutions of alkali
hydroxides.

IDENTIFICATION
First identification: A, C, E.
Second identification: A. B, D, E.
A. Specific optical rotation (see Tests).
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Tes' solution Dissolve 10.0 mg in 0.1 M sodium hydroxide
and dilute to 100.0 mL with the same solvent.
Spearal rang' 230-350 om.

Absorption maximum At 319 om.

Specific absorbance at the absorption maximum 63 to 69 (dried
substance).
C. Infrared absorption spectrophotometry (2.2.24).

Comparison liothyronin' sodium CRS.

- stearic acid: 2.0 per cent [0 8.0 per cent,
- oleic acid: 11.0 per cent to 35.0 per cent,
- linoleic add: 11.0 per cent to 24.0 per cent,
- linolenk add: 35.0 per cent (0 65.0 per cent,
- arachidic acid: maximum 1.0 per cent.

Cadmium
Maximum 0.5 ppm) determined as described in general
method 2.4.27. Heavy metals in herbal drugs and herbal drug
preparations.
Water (2.5.32)
Maximum 0.1 per cent) determined on 1.00 g.

STORAGE
In an airtight container, protected from light.
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II-126 Lisinopril Dihydrate

Identification of impurities Use the chromatogram obtained
with reference solution (c) (0 identify the peaks due to
impurities A, B, C, D and E.
- relative retention with reference to liothyronine (retention

time = about 14 min): impurity B = about 0.2;
impurity E =about 0.5; impurity A =about 1.4;
impurity C = about 2; impurity D = about 2.4.

System sU;Ulbility:
- resolution: minimum 5.0 between the peaks due to

impurity A and liothyronine in the chromatogram
obtained with reference solution (a).

Limits:
- impun"ty A: not more thanthe area of the corresponding

peak in the chromatogram obtainedwith reference
solution (a) (1.0 per cent);

- impurity E: not more than 5 times the area of the peak
due to liothyronine in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- impurities B, C: for each impurity, not more than 3 times
the area of the peak due to liothyronine in the
chromatogram obtainedwith reference solution (b)
(0.3 per cent);

- impurity D: not more thantwice the area of the peakdue
to liothyronine in the chromatogram obtained with
reference solution (b) (0.2 per cent);

- unspecified impuritks: for each impurity, not more thanthe
area of the peakdue to liothyronine in the chromatogram
obtained withreference solution (b) (0.10 per cent);

- total: not more than twice the area of the peakdue (0

liothyronine in the chromatogram obtained with reference
solution (a) (2.0 per cent);

- disregard limit: 0.5 times the areaof the peak due to
liothyronine in the chromatogram obtained with reference
solution (b) (0.05 per cent).

Chlorides
Maximum 2.0 per cent, expressed as NaCl (dried substance).

Dissolve 0.500 g in a 2 gIL solution of sodium hydroxide R
and dilute to 100 mL with the same solvent. Add 15 mL of
dilute nitnc acidR and titrate with 0.05 M s'-lfJer nitrate,
determining the end-point potentiometricaUy (2.2.2fJ).

1 mL of 0.05 M silver nitrate is equivalent (0 2.93 mg of
NaCl.

Loss on dry10g (2.2.32)
Maximum 4.0 per cent, determined on 0.500 g by drying in
VQCUQ at 60 -c,
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A. (2S)-2-amino-3-[4-(4-hydroxy-3,5-diiodophenoxy)-3,5­
dliodophenyl)propanoic acid (Ievothyroxine),

B. (2S)-2-amino-3-(4-hydroxy-3,5-diiodophenyl)propanoic
acid (diiodotyrosine),

C. [4-(4-hydroxy-3-iodophenoxy)-3,5-diiodophenyl)acetic
acid (ttiiodothyroacetic acid),

':qOQ~"" I I "'" Co,HHO I

I

D. [4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetic
acid (tetraiodothyroacetic acid),

E. (2S)-2-amino-3-[4-(4-hydrox}phenoxy)-3,5-diiodophenyl]
propanoic acid (diiodothyronine).

___________________ PhHr

Lisinopril Dihydrate
ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
lnj«lion Test solution and reference solution (d).
Calculate the percentage content of ClsHllI~a04 from
the declared content of liorhyronine sodium CRS.

STORAGE
In an airtight container, protected from light, at a
temperature between 2 °C and 8 °C.

IMPURITIES
Specified impurities A, B, C, D, E.

(Ph. Eur. monograph 1120)

('l 0 H

~~0NXCo,H
Ho,C HH) U
H,N---.r-

441.5

Action and use
Angiotensin conveningenzyme inhibitor.

Preparations
Lisinopril Oral Solution

Lisinopril Tablets

. 2H,0

83915-83-7
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PhE" ~ _

DEFINITION
(2S)-1-[(2S)-6-Amino-2-[[( IS)-I-carboxy-3­
phenylpropyl)amino]hexanoyl]pyrrolidine-2-carboxylic acid
dihydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water, practically insoluble in anhydrous ethanol
and in heptane.

IDENTIFICATION
A. Specific optical rotation (2.2.7): -47 to -43 (anhydrous
substance).

Dissolve 0.5 g in zinc acetate solution R and dilute to 50.0 mL
with the same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison lisinopril dilrydrate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solutUm Dissolve 50.0 mg of me substance to be
examined in mobile phaseA and dilute to 10.0 mL with
mobile phase A.
Reference solution (a) Dissolve 5 mg of lisinopril for system
suitaMity A CRS (containing impurities A and E) in mobile
phase A and dilute to 1 mL with mobile phase A.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solutUm (t) Dissolve the contents of a vial of
lisinopri/ impurityF CRS in 1 mL of mobile phase A.
Reference solution (d) Dissolve 5 mg of lisinopril for peak
identification CRS (containing impurity G) in mobile phase A
and dilute to 1 mL with mobile phase A.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped oetadecylsi/yl

silica gelfor ehromatography R (5 ~m);

. - temperature: 50 °e.
Mobile phase:
- mobile phaseA: mix 3 volumes of acetonitrile Rt and

97 volumes of a 3.12 gIL solution of sodium dihydrogen
phosphate R previously adjusted to pH 3.8 with dilute
phosphoric acidR;

- mobile phase B: mix20.5 volumes of aaumitrile Rl and
79.5 volumes of a 3.12 gIL solution of sodium dihydrogen
phosphate R previously adjusted to pH 3.5 with dilute
phosphoric acidR;

Lisinopril Dihydrate 11-127

Identification of impuruies Use the chromatogram supplied
with lisinopril for system suitability A CRS and the
chromatogram obtained withreference solution (a) to
identify the peaks due (Q impurities A and Ej use the
chromatogram obtained withreference solution (c) to identify
the peak due to impurity F; use the chromatogram supplied
with lisinopn1 for peak identification CRS and the
chromatogram obtainedwith reference solution (d) to
identify the peak due to impurity G.

Relativeretention With reference to lisinopril (retention
drne = about 14 min): impurity A = about 0.7;
impurity E =about 1.2; impurity F =about 1.9;
impurity G = about 2.9.

Svuem suitability:
- resolution: minimum 1.5 between the peaksdue to

lisinopril and impurity E in the chromatogram obtained
with reference solution (a);

- signal-eo-noise ratio: minimum 45 for the principal peakin
the chromatogram obtainedwith reference solution (b).

Calculation of percentage contents:
- correction factor: multiply the peak area of impurity F by

2.1;
- for each impurity, use the concentration of lisinopril

dihydrate in reference solution (b).

Limits:
- impmities A, E, F: for each impurity, maximum

0.2 per cent;
- impun'ty G: maximum 0.15 per cent;
- unspecified impuruies: for each impurity, maximum

0.10 per cent;
- IOtal: maximum 0.5 per cent;
- reponing threshold: 0.05 per cent; disregard any peak with a

retention time less than 3 min.
Water (2.5.12)
8.0 per cent to 9.5 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 50 mL of waterR. Titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20) at the 1S[ point of inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 40.55 mg of
C2IH:uN305'

IMPURITIES
Specified impuriti<s A, E, F, G.

Otherdetectable impun't/es (the following substances would, if
present at a sufficient level, be detected by oneor ocher of the tests
in the monograph. They a.. limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). Ie is
therefore n'ot necessary to identify these impuniies for
demonstration of compliance. See also 5.10. Control of impuriti<s
in substances forphannaceutiazl use) B, C, D, H, I, J.

Time
(min)

0-2

2 - 37

37 - 62

Moblle phase A
(per cent Y/JI)

100

100 ..... 0

o

MobIle phase B
(pcr cent V/l?

o
0 ..... JOO

100

~NH2 erc enenuomer

H02C H

A. (2RS)-2-amino-4-phenylbutanoic acid,

Flow rate 1.6 mUmin.
Detection Spectrophotometer at 210 om.

Injection 50 J1L.
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II-128 Lithium Carbonate

B. 4-methylbenzenesulfonic acid,

C. (2S)-2-[(3S,8aS)-3-(4-aminobutyl)-1,4­
dioxohexahydropyrrolo[I,2-ajpyrazin-2(1H)-ylj-4­
phenylbur.anoic acid (S,S,S-diketopiperazine)J

D. (2S)-2-[(3S,8aR)-3-(4-aminobutyl)-1,4­
dioxohexahydropyrrolo[I,2-a]pyrazin-2(1H)-yl]-4­
phenylbutanoic acid (R,S,S-diketopiperazine),

E. (2S)-1-[(2S) -e-amino-z-[[(I R)-I-<:arboxy-3-phenylpropylj
amino]hexanoyljpyrrolidine-2-carboxylic acid (lisinopril R,
S,S-isomer),

2022

H. (2S) -6-amino-2-[[(I S)-I-carboxy-3-phenylpropyl]
amino]hexanoic acid,

~~0N~C02H
H<¥ HH) U
HN~

1\ 0H
~ CO,H

I. (2S)-I-[(2S)-2,6-bis[[(IS)-I-earboxy-3­
phenylpropyl]aminojhexanoyl]pyrrolidine-2-carboxylic
.acid,

J. (2S)-I-[(2S)-6-[(2S)-6-amino-2-[[(IS)-I-carboxy-3­
phenylpropyljamino]hexanamido]-2-[[(IS)-I-<:arboxy-3­
phenylpropyl]amino]hexanoyljpyrrolidine-2-carboxylic
acid.

______~ Phfor

Lithium Carbonate
(Ph. Eur. monograph 0228)

ll2CO, 73.9 554-13-2

F. (2S)-I-[(2S)-6-amino-2-[[(IS)-I-<:arboxy-3­
cyclohexylpropyl]amino]hexanoyl]pyrrolidine-2-carboxylic
acid (cyclohexyl analogue),

G. (2S)-1-[(2S)-6-amino-2-[[(2S)-I-[[(5S)-5-[[(1 S)-I­
carboxy-3-phenylpropyljamino]-6-[(2S)-2­
carboxypyrrolidin-I-ylj-6-oxohexyljaminol-I-oxo-t­
phenylbutan-2-yljaminojhexanoyl)pyrrolidine-2-<:arboxylic
acid (lisinopril dimer),

Action and use
Prophylaxis of affective disorders.

Preparadons
Lithium Carbonate Tablets

Lithium Carbonate Prolonged-release Tablets

Phfor _

DEFINITION
Content
98.5 per cent to 100.5 per cent.

CHARACTERS
Appearance
Whiteor almostwhite powder.
Solubility
Slightly soluble in water, practically insoluble in ethanol
(96 per cent).

IDENflFICATION
A. When moistenedwith hydrochloric acid R, it gives a fed
colour to a non-luminous flame.
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B. Dissolve 0.2 g in 1 mL of hydrochloric acidR. Evaporate to
dryness on a water-bach. The residue dissolves in 3 mL of
ethanol (96 percenv R.
C. It gives the reaction of carbonates (2.3.1).

TESTS
Solution S
Suspend 10.0 g in 30 mL of distiUed waterR and dissolve by
the addition of 22 mL of nitri< acidR. Add dilute sodium
hydroxide solution R until the solutionis neutral and dilute to
100 mL with distilled waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method Il).

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 2.5 mL of solution S to 15 mL with water R.

Sulfates (2.4.13)
Maximum 200 ppm.

Disperse 1.25 g in 5 mL of distilled water R and dissolve by
adding 5 mL of hydrochloric acidR J. Boil for 2 min. Cool
and add dilute sodium hydroxide solution R until neutral. Dilute
to 25 mL with distilled water R.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 0.5 g.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 rnL of solution S to 15 rnL with distiUed water R.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.
Magnesium (2.4.6)
Maximum 150 ppm.

Dilute 1 rnL of solution S to 10 rnL with water R. Dilute
6.7 rnL of this solution to 10 mL with water R.

Potassium
Maximum 300 ppm.
Atomic emission spectrometry (2.2.22~ Method l).

Testsolution Dissolve 1.0 g in 10 rnL of hydrodJloric acidRJ
and dilute to 50.0 mL with waterR.
Reference solutions Prepare the reference solutions using a
solution of potassium chloride R containing 500 Ilg of K per
mlllilitre, diluted as necessary with waterR.

Wavekngth 766.5 urn.

Sodium
Maximum 300 ppm.

Atomic emission spectrometry (2.2.22, Method I).

Test solution Dissolve 1.0 gin 10 rnL of hydrochloric acid Rl
and dilute to 50.0 rnL with water R.
Reference solutions Prepare the reference solutions usinga
solution of sodium chloride R containing 500 pg of Na per
millilitre, dilutedas necessary with waterR.
Wavelength 589 urn.

ASSAY
Dissolve 0.250 g in 50 mL of carbon dioxide-free water R.
Titrate with 1 M hydrochloric acid, determining the end-point
potentiometrically (2.2.20). Read the volume added at the
2nd point of inflection.
I rnL of 1 M hydrochloric acidis equivalent to 36.95 mg
of Li,CO,.
___~ ~ PIIEur

Lithium Citrate II-129

Lithium Citrate
(Ph. Eur. monograph 0621)

C.H,Li,O,,4H,O 282.0

Action and use
Prophylaxis of affective disorders.

Preparation
Lithium Citrate OralSolution

PIIEur _

DEFINITION
Trilithium 2-hydroxypropane-l,Z)3-tricarboxylate
tetrabydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white, fine crystalline powder.

SolubUlty
Freelysoluble in water) slightly solublein ethanol
(96 per cent).

IDENTIFICAnON
A. Whenmoistened with hydrochloric acid RJ h givesa red
colour to a non-luminous ttame.
B. Dilute 3 rnL of solution S (see Tests) to 10 rnL with
waterR. Add 3 mL of poumiumfmiperiodate solution R.
A whiteor yellowish-white precipitate is formed.
C. To I rnL of solution S add 4 rnL of water R. The solution
gives the reaction of citrates (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distiOed water R and dilute to 100 mL wirh the same solvent.

Appe~ceofsmution

Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of phenolphthalein
solution R. Not more than 0.2 mL of 0.1 M hydrodJloric acid
or 0.1M sodium hydroxide is required to change the colour DC
the indicator.

Readily carbonisable substances
To 0.20 g of the powdered substance to be examined add
10 rnL of su!/uri< acidR and heat in a water-bath at
90 ± 1 °C for 60 min. Cool rapidly. The solutionis not
more intensely coloured than reference solution Y2 or GY2

(2.2.2, MethodII).

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 rnL of solution S to 15 rnL with water R.

Oxalates
Maximwn 300 ppm, calculatedas anhydrous oxalate ion.
Dissolve 0.50 g in 4 rnL of water R, add 3 rnL of hydrochlorii;
acid Rand 1 g of zinc R in granules and heaton a water-bath
for 1 min. Allowto standfor 2 min, decant the liquid into a
test-tube containing 0.25 mL of a 10 gIL solution of
phenylhydrazine hydrochloride R and heat to boiling. Cool
rapidly, transfer to a graduated cylinder and add an
equal volume of hydrodJloric acidRand 0.25 mL of potassium
jern"cyanide solution R. Shake and allow to standfor 30 min.
Ariy pinkcolourin the solution is not more intense than that
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in a standard prepared at the same time and in the same
manner using 4 mL of a 0.05 gIL solution of oxalic acid R.

Sulfates (2.4.J3)
Maximum 500 ppm.

To 3 mL of solution S add 2 mL of hydnxhloric acidRI and
dilute to 17 mL with distilled water R. Prepare the reference
solution using 15 mL of a mixture of 2 mL of hydrochI<Jric
acid RJ and 15 mL of tulfare standard solution
(10 ppm SO,) R and compare the opalescence after 15 min.

Water (2.5.12)
24.0 per cent to 27.0 per cent, determined on 0.100 g. After
adding the substance to be examined, stir for 15 min before
titrating. Cany out a blank titration.

ASSAY
Dissolve 80.0 mg in 50 mL of anhydrous acetic acidR,
heating to about 50°C. Allow to cool. Titrate with 0.1 M
perchloric add, using 0.25 mL of naphtholhenzein solution R as
indicator, until the colour changes from yellow to green.

I mL of O. J M perchWric acid is equivalent '0 7.00 mg
of C.H,Li>O,.
STORAGE
In an airtight container.
____________________ P/lE<I

Live Biotherapeutic Products for
Human Use
(ph. Eur. monograph3053)

PhE<I _

DEFINITION
Live biotherapeutic products (LBP) are medicinal products
containing live micro-organisms (bacteria or yeasts) for
human use.

LBP are administered orally or vaginally and are available in
different pharmaceutical forms.

LBP may contain one or multiple microbial strains from me
same or different species of micro-organisms. The quantity of
living bacteria or yeasts is determined by counting viable and
culturable micro-organisms of the intended sttain(s).

Faecal microbiota transplantation (FMT) and products
intended as gene therapy agents are excluded from this
monograph.

PRODUCTION
GENERAL PROVISIONS
The production method for a given product must have been
shown to yield consistently an LBP comparable with me
batchfes) of proven clinical efficacy and safety in man,
Suitable in-process controls ensure that the production
process is under control and consistently produces LBP of
deftned quality.

LBP are produced using a seed-lot system. The methods of
preparation are designed to maintain the viability of me
micro-organisms. Stabilisers and other excipients of
controlled microbiological quality may be added.

Where LBP are produced using substances of human or
animal origin) the requirements of general chapter 5.1.7.
Viral safely apply. The production process is optimised to
consistently minimise or remove adventitious agents and
toxic or other impurities.

In the production of a ftnal lot of LBP, the number of
subcultures of a bacterium or yeast) from the master seed lot,
shall not exceed that used for production of the LBP shown
to be satisfactory in clinical trials with respect to quality)
safety and efficacy.

Consistency of production is important to ensure the quality
ofLBP. Limits for process parameters and for tests carried
out during production and on the final lot may be in the
form of maximum values) minimum values, or tolerances
around a given value. Limits are based on the results found
for batches tested clinically and those used to demonstrate
consistency of production. These limits may subsequently be
refined on a statistical basis in the light of production data.

CHARACTERISATION OF THE MICRO-ORGANISM
(S)
The characterisation of the micro-organism(s) is carried out
at the strain level. The strain used for master seed lots is
identified by historical records that include information on its
origin, subsequent manipulation and the tests used to
characterise the strain. Characterisation includes
determination of the phenotype and genotype of the strain,
using methods such as macroscopic and microscopic
methods, biochemical tests) molecular genetic tests)
sequencing or mass spectrometry. The strain must be
phenotypically and genotypicaUy stable. Antimicrobial
resistance is determined and any resistance transferable from
the micro-organism to the relevant microbiota is investigated
and excluded. The presence of virulence factors must be
investigated and evaluated with respect to safety.

For products to be administered orally, survivability of the
micro-organism(s) in the human gut is demonstrated by in
vitro gastric acid and bile resistance testing.

SEED-LOT SYSTEM
A seed-lot system is used. Suitable measures are taken to
ensure that adventitious agents and toxic or other impurities
are not present in master or working seed-lots. When a
master seed-lot is replaced, the new master seed-lot must be
fully characterised and the critical steps in the production
process revalidated to the extent required to demonstrate that
no adverse change has occurred in the quality, safety and
efficacy of the product.

CULTURE MEDIA
Culture media are sterile and, as far as possible, free from
ingredients known to cause toxic) allergic or other
undesirable reactions in humans; if inclusion of such
ingredients is necessary) it is demonstrated that the residual
amount in the final lot does not adversely affect product
sefety,

GROWTH AND HARVESTING
Each strain is cultured and the culture is examined for purity
by suitable tests. These tests may include inoculation into
suitable media, examination of colony morphology and
microscopic examination. The culture is harvested under
defined conditions and may be stored under appropriate
conditions.

INTERMEDIATE PRODUCTS
When intermediate products are stored, a storage period
justified by stability data is established for each intermediate,

Test for microbIal contamination
Each intermediate is shown to comply with defined
in-process limits using a suitable method.
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FINAL BULK
The final bulk may contain a single strain or a mixture of 2
or more strains. Stabilisers and other excipients may be
added depending on the dosage Conn.

FINAL LOT
When the final lot is an aqueous suspension, it is distributed
into sterile, tamper-evident containers (3.2).

The final lot complies with the requirements under
Identification, Tests and Assay. Certain tests prescribed for
the final lot may be carried out on the final bulk, provided it
has been demonstrated that subsequent manufacturing
operations do not affect compliance.

IDENTIFICATION
Each micro-organism is identified by a suitable method.

TESTS
Appearance
It complies with the establishedspecification.

Microbial contamination
Microbiological examination of LBP is performed according
to the methods given in general chapters 2.6.36 and 2.6.38.

When an acceptance criterion for microbial contamination is
prescribed it is interpreted as follows:
- 101 CFU: maximum acceptable count > 20;
- 102 CFU: maximum acceptable count e 200;
- 103 CFU: maximum acceptable count e 2000.

Acceptance criteria based upon the aerobic microbial
contamination count (AMCC) and the combined yeasts!
moulds contamination count (YMCC) are given in
Table 3053.-1.

In addition to the micro-organisms listed in Table 3053.-1,
tests for other pathogens may be carried out based on a risk
assessment (e.g. specific environmental contaminants,
anaerobic contaminants (e.g. Clostridia».

The significance of other micro-organisms recovered is
evaluated in terms of:
- intended recipient: risk may differ for neonates, infants,

the debilitated;
- use of immunosuppressive agents, corticosteroids;
- presence of disease, wounds, organ damage.

pH (2.2.3)
It complies with the limit approved for the particular
product.

Water (2.5.12), Loss on drying (2.2.32) or Water activity
(2.9.39)
It complies with the limit approved for the particular
product.

ASSAY
Number of live micro-organisms
The number of micro-organisms, expressed in CFU, is
determined by a suitable microbial enumeration test, for
example by the pour-plate method or surface-spread method.

The potency of each strain is expressed in CFU/g, CFU/mL,
or CFU/unit; it is not less than the stated value or it is within
the stated range.

The potency may be expressed in number of viable ceUS/mL
based on viable-cell assay, in agreement with the competent
authority.

Table 3053.-1. - A«ejJrance criteria for microbiological quah·ty of
LBP

Route of
Ai\tCC· YMCC" Specified

adm1nJstralion
(CFU/g (CFU/g mlceo-

or CFU/mL) or CFU/mL) organisms*"'

Non-aqueous Absence or

preparations for 10' 10' Es<heridlio

oral use
ctJli***· (I g or

I mL)

Aqueous Absence or
preparations Icr 10' 10' Escherichia

oral use
cdi.... (I gor

1 rnL)
,

Absence or
&udomonM

onugilll1SQ (1 g
or 1 mL)

Absence or
Vaginal use 10' 10' Staphyloc«au

all1'eU.l(lgor
I mL)

Absence or
CanJitla albieans
(I gorlmL)

* If it is not possible to determine che At'rlCC due co the absence of II.

suitable method for the LBP. then test for the absence of tbe rollowing
specified micro-organisms using the methods in general chapter 2.6.18: bile-
tolerant Gram-negative baeteria(l) (I g or I rnL)JP. aemginoro (1 g or
1 mL), S. alO'lW (J g or I mL), Salmonella spp. (10 g or 10 mL). Tests ror
other parhogens may be carried out based on a risk assessment (e.g. specific
environmental contaminants).
(I) If the LBP consists ofE. cdl~ test for !he absence or Enterobacteriaceae
and other Gram-negative bacteria using suitable culture media instead of
testing for the absence or bile-tolerant Gram-negative bacteria.

"Ifit is not possible to determine the YMCC due to the absence ora
suitable method for the LBP, chen test for the absence of C. albkam and tesr
for pathogenic moulds based on a risk assessment.

• .. If !he LBP consists or BatilllUspp. spores, Lest for the absence ofBodllw
cemu in addition to the cestsdescribed in !he table.
,,"en, If the UP consists or E. colJ~ the test for E. eeli should be replaced by
another test for tbe absence of faecal contaminants by resting for Enuroctxcw
jlJ«Q1is and EntnJJ«J«Uljaroum as indicators. A seardJ.for other pathogens
may be carried out based on a risk assessment (e.g. pathogenic E. roh).

STORAGE
Liquid LBP are not to be frozen.

LABELLING
The label ,tates:
- the name of the strain(s);
- the route of administration;
- the storage conditions;
- the expiry date;
- the potency of each strain expressed

in cFli/mL, CFU/g, CPU/unit or viable cellsfmL;
- the naf\le of any stabilisers and other excipients;
- where applicable, for freeze-dried preparations to be

reconstituted before use:
- the name, composition and volume of the

reconstituting liquid to be added;
- the storage conditions and the period of time within

which the LBP is to be used after reconstitution.
___________________ PhE"
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PhEu _

DEFINITION
2-[(2R,6S)-6-[(2S)-2-Hydroxy-2-phenylethyll-l­
methylpiperidin-2-yl]-I-phenylethanone hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, microcrystalline powder.

Solubility
Sparingly soluble in water, freely soluble in ethanol
(96 per cent), soluble in methylene chloride.

IDENllFlCATION
First identification: A, B.
Second identificaMn: B, C.'
A. Infrared absorption spectrophotometry (2.2.24).

Comporison lobeline hydrochloride CRS.
B. Solution S (see Tests) gives reaction (a) of chlorides
(2.3.1).

C. Examine the chromatograms obtained in the test for
foreign alkaloids.
Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (b).

TESTS
Solution S
Dissolve 0.250 g in carbon dioxide-free water R prepared from
distiUed waterR and dilute to 25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2. I) and colourless (2.2.2, Method II).

pH (2.2.3)
4.6 to 6.4 for solution S.

Specific opdcal rotation (2.2.7)
-55 to -59 (dried substance), determined on solution S.

Foreign alkaloida
Thin-layer chromatography (2.2.27).

Teu sohuion (a) Dissolve 0.10 g of the substance to be
examined in methanol R and dilute to 5.0 mL with the same
solvent.
Testsolution (b) Dilute I mL of test solution (a) to 10 mL
with methanol R.
Reference solution (a) Dilute 0.1 mL of test solution (a) to
10 mL with methanol R.
Reference solution (b) Dissolve 10 mg of lobeline
hydrochloride CRS in methanol R and dilute to 5 mL with the
same solvent.

Plate TLC silica gelGF254 plate R.

Mobile phase diethylamine R, cyclohexane R (10:90 VIV).
Application I 0 ~L.

Deudopmem Over 2/3 of the plate.

Drying At 120 "C.

Detection Examine in ultraviolet light at 254 nm.
Limits In the chromatogram obtainedwith test solution (a):
- any impurity: any spot, apart from the principal spot, is

not more intense man the spot in the chromatogram
obtained with reference solution (a) (l per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 10.0 mg of the substance to be
examined in me mobilephase and dilute to 10.0 mL with
the mobile phase.

Reference solution (aJ Dilute 1.0 mLof the test solution to

100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solUMn (b) Dissolve 5 mg of phenytoin CRS in the
mobile phase and dilute to 100.0 mL with the mobile phase.
To 1 mL of me solution add 0.1 mL of me test solution and
dilute to 25 mL with the mobile pbase.

Column:
- size: 1= 0.25 m, 0 = 4 mm,
- statUmary phase: spherical end-eapped oClylsi/y1 silka gelfor

chromatography R (5 urn).

Mobile phase Dissolve 1.0 g of sodium methanesulfonate R
and 250 g of disodium hydrogen phosphate dihydrate R in a
mixture of 3 volumes of a 6.7 per cent VIV solution of
phosphoric acidR, 29 volumes of acetonitrile R and 70 volumes
of water R and dilute to 1000 mL with the saroe mixture of
solvents.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 210 nm.
Injection I0 ~.
Runtime 2 times the retention time of lobeline which is
about 17 min.
System suitabIlity Reference solution (b):
- resolution: minimum 4.0 between the peaks due to

phenytoin and to lobeline.

Limits:
- any impun"ty: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.1 per cent),

- total: maximum of 2 times: the area of the principal peak
in the chromatogram obtained withreference solution (a)
(0.2 per cent),

- disregard level: 0.5 times the area of the principal peak in
the chromatogram obtained W,ith reference solution (a)
(0.05 per cent). ,-

Sulfates (2.4.13)
Maximum0.1 per cent) determined on solution S.

Loss on drying (2.2.32)
Maximum 1.0 per cent) determined on 1.000 g in vacuo.

Sulfated ash (2.4. I 4)
Maximum0.1 per cent) determined on the residueobtained
in the test for loss on drying.

ASSAY
Dissolve 0.300 g in 50 mL of ethanol (96 percenlJ R.
Add 5 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.2(J), using 0.1 M sodium

134-63-4

o

373.9

CH, I
H ~.......,._,-/ """ • HCI

H OH

Action and use
Respiratory stimulant.

Lobeline Hydrochloride
(Ph. Eur. monograph 1988)
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D. acetophenone.
___________~ PhEU'

CHARACTERISTICS
A fine, yellowish white to greenish yellowpowder.
Very soluble in ethanol (96%) and in methanol; slightly
soluble in acetone; very slightly soluble in water.
It exhibits polymorphism,

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of lofepramine
hydrochloride (101m A) (RS 399A).
B. 2 mL of a 1% wlv solution in ethanol (96%) complies with
the test for chlorides, Appendix VI.

TESTS
Related substances
Carry out the method for liquid chromawgraphy,
Appendix ill D, using the following solutions. Solution (I)
contains 0.1 % wlv of the substance being examined in the
mobile phase. For solution (2) dilute 1 volumeof solution
(I) to 200 volumes with the mobile phase. Solution (3)
contains 0.0002% wlv each of desipramine
hydrochloride BPCRS and imipramine hydrochloride BPCRS in
the mobile phase.
Inject 20 ~ of solutions (I) and (2). Inject 20 ~L of
solution (3) and allow the chromatography to continue for
4 times the retention timeof the principal peak.
The chromatographic procedure may be carried out using
(a) a stainless steel column (25 ern x 4.6 rom) packed with
base-deaaieaud end-capped O<lylsilyl silica gelfor chromatography
(5 pm} (Lichrospher 60 RP-select B is suitable) maintained
at 50°, (b) as the mobile phase with a flow rate of 1.5 mL
per minute a 0.09% wlv solution of sodium dock<yl sullate in a
mixtureof 550 volumesof aatonitrile,325 volumes of water
and 125 volumes of a buffer solution of pH 1.0 containing
0.015% wlv ofglYcine, 0.018% w/v of sodium chloride and
0.44% wlv of hydrochloric acid and (c) a detection wavelength
of 254 urn.
The test is not valid unless) in the chromatogram obtained
with solution (3), the resolution factor between the two
principal peaks is at least0.9.
In the chromatogram obtained with solution (1) the area of
any secondary peak is not greater than the area of the peak in
the chromatogram obtained with solution (2) (0.5%) and the
sum of the areas of any secondary peaks is not greater than
twice the area of the peakin the chromatogram obtained
with solution (2) (1%).

Loss on drying
When dried at a temperature of 1000 at a pressure not
exceeding 0.2 kPa) loses not more than 0.5% of its weight.
Use I g.

ASSAY
Carry out the method for liquid chromawgraphy,
Appendix III D, using the following solutions. Solution (I)
contains 0.02% wlv of the substance being examined in the
mobile phase. Solution (2) contains 0.02% wlv of lofepramine
hydrochloride BPCRS in the mobile phase.

The chromatographic procedure described underthe test for
Related substances may be used.
Inject 20 J.lL of each solution.
Calculate the content of C26H21CIN20,HCI from the
chromatograms obtained and using the declared content of
C,JI27CIN,O,HCI in lolepramine hydrochloride BPCRS.

26786-32-3

,HCI

455.4

Lofepramine Hydrochloride

~
VNJlJ~lcl
~N "'",

CH, 0

c,JI27CIN,O,HCI

hydroxide, Read the volumeadded between the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 37.39 mg of
C22H2SCIN02o

STORAGE
Protected from light.

IMPURITIES

A. 2-[ (2S,6R)-6-[(2R)-2-hydroxy-2-phenylethyl)-l­
methylpiperidin-2-yl]-I-phenylethanone «+)-Iobeline),

H'C:rO

()

C. mts<>-(l R,I 'S)-2,2'-[(2R,6S)-I-methylpiperidine-2,6-diyl]
bis(l-phenylethanol) (Iobelanidine),

B. 2,2'-[(2R,6S)-I-methylpiperidine-2,6-diyl]bis(l­
phenylethanone) (Iobelanine),

o

Action and use
Monoamine reuprake inhibitor, tricyclic antidepressant.

Preparation
Lofepramine Tablets

DEFINITION
Lofepramine Hydrochloride is 5-(3-[N-(4-chlorophenacyl)-N­
methylamino] propyl) I0, ll-dihydro-5H-dibenz[bJ] azepine
hydrochloride. It containsnot less than98.5% and not more
than 101.0% ofC2.H27CIN,O,HCI, calculated with
reference to the dried substance.
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G. imipramine,

(yCI

Br~
o

**** ** ** ****(ph. Bur. monograph 0918)

H.2_bromo_4'_chloroacetophenone.

Lomustine

CO,H

P
CI

B. 4-chlorobenzoic acid,

A. I-merhylamino-4'-chloroacewphenone,

STORAGE
Lofepramine Hydrochloride should be kept in an airtight
container and protected from light.

IMPURITffiS

'''''" -------------------

13010-47-4233.7

Action and use
Cytotoxicalkylatiog agent.

Preparation
l..omustine Capsules

C. desipramine,

DEFINITION
1-(2-Chloroethyl)-3-cyclohexyl-l-nitrosourea.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow,crystalline powder.

Solubility
Practically insoluble in water, freely soluble in acetone and in
methylene chloride, solublein ethanol (96 per cent).
Cany oul the testsprotected from lighl and prepare aU the
solulWns immediatelY before use.

IDENI1FICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison lomustine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Phosphate buffer solulion Dissolve 1.36 g of potassium
dihydrogen phosphate R in 900 mL of water R, adjust to
pH 3.0 with dilute phospho";'; acid R and dilute to 1000 mL
with waterR.
Testsolution Dissolve 50.0 mg of the substance [0 be
examined in acetonitrile Rl and dilute to 10.0 mL with the
same solvent.
Reference solution (a) Dissolve 5.0 mg of di<ycro~/urea R
(impurity C) in methanol R and dilute to 10.0 mL with the

CI

F. N,N-bis(4'-chlorophenacy1)desipramine bromide,

~VNV (yCI

~N'~
HaC' 0 Br
o

E. N-fonnyldesipramine,

D. iminodibenzyl,
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2022 Loperamide Hydrochloride II-l3S

same solvent. Dilute J.O mL of the solution to 50.0 mL with
acetonitrile RI. Mix 1.0 mL of this solution and 1.0 mL of
the test solution.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with acetonitrile RI. Dilute 1.0 mL of this solution
to 10.0 mL with acewnitri/, RJ.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: end-capped oaylsilyl SIlica gd for

chromalOgraphy R (5 pm),
- temperature: 40°C.
Mobil, phase:
- mobile phase A: acetonitrile RJ, phosphate buffer solution

(20:80 V/I');
- mobile phase B: phosphate buffer solution,autonitrilt RI

(24:76 V/I');

STORAGE
Protected from light.

L'dPURITIES
Otherdetectable impurities (thefollowing subSlanees would, if
present at a sufficient leuel, bedeteaed by oneor other of the tests
in the monograph. They are limited I>y the general acceptance
criterion for ather/unspecified impurities and/or I>y thegeneral
monograph Substances for pharmaceutical use (2034). II is
therefore not neussaryto identify these impun"ties for
demonstration of compliance. See also5./0. Conlrol ofimpurilies
in substances forpharmaceutical use) A} B} C.

A. 1,3-bis(2-<:hloroethyl)urea,

Tim, Mobile phase A MobUe phase B
(min) (per cent V/J? (per cent VIP)

0-2 75 25

2 - 17 75 --> 40 25 ..... 60

17 - 34 40-> 30 60 -070

34 - 42 30 70
B. 1-(2-cbloroethyl)-3-eyclohexylurea,

____________________ PhE<I

P>E<I _

34552-83-5

HCI

513.5

C'U/(I/OH

~
N kH'

....CH3
o

~

(ph. Bur. monograph 0929)

Action and use
Opioid receptor agonist; antidiarrhoeal.

Preparations
Loperamide Capsules
Loperamide 0",1 Solution

Loperamide OralSuspension
Loperamide Tablets

Loperamide Orodispersible Tablets

C. 1.3-dicyclohexylurea.

Loperamide Hydrochloride

DEFINITION
4-[4-(4-Chlorophenyl)-4-hydroxypiperidin-l-yIJ-N~V­

dimethyl-2,2-diphenylbutanamide bydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 205 run.

Injection 20 ~L.

Identification of ;mpun"t;es Use the chromatogram obtained
with reference solution (a) to identify thepeak due to
impurity C.

Relative retention Withreference to lomustine (retention
time = about 23 min): impurity C = about 0.7.

System snitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurity C and lomustine.
Calculation of percentage omena:
- for each impurity, use the concentration of lomustine in

reference solution (b).

Limits:
- unspecified impuniks: for each impurity, maximum

0.10 per cent;
- total: maximwn 0.2 per cent;
- reporting threshold: 0.05 per cent.

Chlorides (2.4.4)
Maximum 500 ppm.
Dissolve 0.24 g in 4 mL of methanol R and add 20 mL of
water R. Allow to stand for 20 min and filter, To 10 mL of
the filtrate, add 5 mL of methanol R. When preparing the
standard, replace the 5 mL of waterR with 5 mL of
methanol R.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
a desiccator at a pressure not exceeding 0.7 kPa for24 h.

ASSAY
Dissolve 0.200 g in about 3 mL of ,thanol (96 percent) R
and add 20 mL of a 200 gIL solution of potassium
hydroxide R and boil undera reflux condenser for 2 h.
Add 75 mL of waterRand 4 mL of nilric acid R. Cool and
titrate with 0.1 At! silver nitrate, determining the end-point
potentiometrically (2.2.211). Cony out a blank titration.

I mL of O. I M siiwr nitrate is equivalent to 23.37 mg
of C,HI6CJN,O,.
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II-136 Loperamide Hydrochloride

CHARACTERS
Appearance
White or almost white powder.

Solubility
Sligbtly soluble in water, freely soluble in ethanol
(96 per cent) and in methanol.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison loperamide hydrochloride CRS.
If the spectra obtainedshow differences, dissolvethe
substance to be examined and the reference substance
separately in the minimum volumeof methylene chloride R,
evaporate [Q dryness and record new spectra usingthe
residues.

TESTS
Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance ro-be
examined in methanol Rand dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 10.0 mg ofloperamidefor
system SIn'toMlicy CRS (containing impurities AJ B, D, E,
G and H) in methanol R and dilute to 1.0 mL with the same
solvent.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with merhanol R.
Column:
- size: 1= 0.10 ID, (2) = 4.6 mrn;
- stationary phase: base-dea<.....ted end-eapped oct<uJecylsiJy/

silica gelfor chromatography R (3 ~m);

- temperature: 35 ·C.
Mobile phase:
- mobik phase A: 17.0 gIL solution of tetrabuty/ammonium

hydrogen m!fateRl;
- mobile phase B: acewnilrile for chromatography R;

2022

above the baselineof the lowest point of the curve
separating this peak from the peak due to impurity A.

Calculation 0/percentage contents:
- C<»7«tWn factor: multiply the peakarea of

impurity D by 1.7;
- for each impurity, use the concentration of loperamide

hydrochloride in reference solution (b).

Limits:
- impurilies BJ D: for each impurity, maximum0.2 per cent;
- unspedfied impurities: foreach impurity, maximum

0.10 per cent;
- total: maximum0.3 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determinedon 1.000 g by drying in
an oven at 105 ·C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 mL of ethanol (96 percen!> R and add
5.0 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 51.35 mg of
C'9H,.Cl,N,O,.

STORAGE
.Protected from light.

IMPURITIES
Specified impuritUs B, D.
Otherdete<table impurities (thefollowing substances V»U1d, if
present at a sufficient level, be derected by oneorotherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharma<e«ticaI use (2034). It is
therefore not necessary to identify there impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances jor pharmaceutical use) A, CJ E, F, G, H.

Flow rale 1.5 mllmin.
Deuction Spectrophotometer at 220 nm.
Irrj",tion 10 ~L.

Identification of impurilies Use the chromatogram supplied
with loperamide for system suitability CRS and the
chromatogram obtainedwith reference solution (a) to
identify the peaksdue to impurities A, B, 0, E, G and H.
Rdative retention With reference to loperamide (retention
time =about 6 min): impurity D = about 0.8;
impurity G = about 1.20; impurity H = about 1.25;
impurity E =about 1.45; impurity A = about 1.50;
impurity B = about 1.9.

System suirability Reference solution (a):
- peak-to-Val/ey ratio: minimum 1.5, where Hp =height

above the baseline of the peak due to impurity G and
H; = height above the baseline of the lowest point of the
CUIVe separating thispeakfrom the peak due to
impurity H; minimum 1.5, whereHp = heightabove the
baseline of the peak due to impurity E and H. = height

TIm.
(min)

0- 15

15 - 17

Mobile phase A
(per cent YIJI)

90 --> 30

,0

MobUc phase B
(per cent YIJI)

10 -+ 70

70

CI

I""
""

A. 4-[4-(4'-chloro-[l, I '-biphenyl]-4-yl)-4-hydroxypiperidin­
l-yl]-N,N-dimethyl-2,2-diphenylbutanamide,
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B. 4-(4-chlorophenyl)-I,I-bis[4-(dimethylamino)-4-oxo-3,3­
diphenylbutyl]-4-hydroxypiperidin-I-ium,

CI~/(

f c5"
N

"
C. 4-(4-chlorophenyl)piperidin-4-o1,

D. 4-(4-hydroxy-4-phenylpiperidin-I-yl)-N,N-dimethyl-2,2­
diphenylbutanamide,

E. I ,4-bis[4-(4-chlorophenyl)-4-hydroxypiperidin-I-yl]-2,2­
diphenylbutan-f-one,

F. (I r,4r)-4-(4-chlorophenyl)-I-[4-(N,N-dimethylamino)-3,3­
diphenyl-4-oxobutyl]-4-hydroxypiperazine l-oxide
(loperamide oxide),

Loperamide Oxide Monohydrate 11-137

G. (I s,4s) -4-(4-chlorophenyl)-I- [4-(N,N-dimethylamino)-3,3­
diphenyl-4-oxobutyl]-4-hydroxypiperazine I-oxide,

CI

H.4-[4-(4-chlorophenyl)-3,6-dihydropyridin-I(2H)-yl]-N,N­
dimethyl-2,2-diphenylbutanamide.

_________________ Ph£<l

Loperamide Oxide Monohydrate
(Ph. Bur. mQ1lograph 1729)

~
CI

0" I
: ""

..~

%
0 ' ~"3

....CH3

¥ 0
~

c"H"CIN20" H20 511.1

Action and use
Opioid receptor agonist; antidiarrhoeaJ.

PhE" _

DEFINITION
4- [""0$-4-(4-Chlorophenyl)-4-hydroxy-I-oxidopiperidin-l­
yl)-N,N-dimethyl-2,2-diphenylbutanamide monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder, slightiy hygroscopic.
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II-l3S Loperamide Oxide Monohydrate

Solubility
Practically insoluble in water, freely soluble in alcohol and in
methylene chloride.

mp
About 152 °CJ with decomposition.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison loperamide oxide monohydrate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examinedin methanol R and dilute to 10.0 mLwith the same
solvent.
Reference solution (a) Dissolve 5.0 mg of loperamide
hydrrxhloride CRS in methanol R, add 0.5 mL of the test
solution and dilute to 100.0 mL with methanol R.
Reference solution (b) Dilute 1.0 mL of the test solution 10

20.0 mL with methanol R. Dilute 1.0 mL of this solution to
25.0 mL with methanol R.
Column:
- size: 1;;;; 0.10 m, 0 ;;;; 4.6 mm,
- suuionary phase: base-deactivated octade<ylsilyl silica gelfor

chromatography R (3 flI11),
- temperature: 35 "C.

Mobile phase:
- mobile phaseA: 17.0 g/L solution of tetrabutyhunmonium

hydrogen sulfate Rl,
- mobile phase B: acetonitrile R,

Tlme Moblle phase A Mobile phase B
(min) (per cent YM (Per cent VIJI)

0- 15 90 ..... 30 10 ..... 70

15 - 17 30 70

Fluw rate 1.5 mllmin.
Detection Spectrophotometer at 220 nm.

Injection 10 flL.
Relativeretention With reference to loperamide oxide
(retention time =about7 min): impurity A =about 0.9;
impurity B =about 1.11; impurity C =about 1.13.

SystemsuiU1.biJity Reference solution (a):
- resolution: minimum 3.8 between me peaks due to

loperamide oxide and impurityA.
limits:
- impun'ties AJ B~ C: foreach impurity, not more than the

area of the principal peakin the chromatogram obtained
with teference solution (b) (0.2 per cent),

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained withreference solution (b)
(0.10 per cent),

- wlai: not more than 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.3 per cent),

- disregard limir. 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
3.4 percent to 4.2 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

2022

ASSAY
Dissolve 0.350 g in 50 mL of a mixture of 1 volume of
anhydrous acetic acidRand 7 volumes of methyl ethyl ketone R.
Titrate with 0.1 M perchloric acid using 0.2 mL of
naphtholbenzein solution R as indicator.
1 mL of 0.1 M perchloric acidis equivalent to 49.30 mg
of C29HJJCIN20J'

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impun'ties A~ BJ C.

aDo"
O~N ~",

"'CH3
"",0

~

A.4-[4-(4-cWorophenyl)-4-hydroxypiperidin-l-yl)-N,N­
dimethyl-2,2-diphenylbutanamide (loperarnide),

B. 4- [ci<-4-(4-<:Worophenyl)-4-hydroxy-I-oxidopiperidin-l­
yl)-N,N-dimethyl-2,2-diphenylbutanamide,

CI

C.4-[4-(4-<:Worophenyl)-3,6-dihydropyridin-I(2H)-yl)-N,N­
dimethyl-2,2-diphenylbutanamide.

____________________ ""£<1
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PhE" _

Time MobUe phase A MobUe phase B
(min) (per cent JlIJ.') (per cent JlIJ.')

0-60 100 0

60 - 61 100 --> 0 0-->100

61 - 81 0 100

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 215 nm.
Injection 20 J.lL of test solution (a) and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with lapinavir for system suitabi1ity CRS and the chromatogram
obtained with reference solution (c) to identify the peaks due
to impurities A, B, C, F, G, I and N; use the chromatogram
supplied with lapinavir forpeak identification CRS and the
chromatogram obtainedwithreference solution (d) to
identify the peak due to impurity D.

Relative retention r (not rG) with reference to lopinavir
(retention time = about 37 min): impurity A = about 0.03;
impurity B =about 0.07; impurity C =about 0.10;
impurity D =about 0.13; impurity F =about 0.59;
impurity G = about 0.62; impurity I = about 1.1;
impurity N = about 1.4.

System suitab#ity Reference solution (c):
- resolution: minimum 1.5 between the peaksdue to

impurities F and G.
Calculation of percentage Wltents:

- for impurity A, multiply the peak area by the
correction factor 1.6;

- for impurity B, multiply the peak area by the
correction factor 1.3;

- for impurity C, multiply the peak area by the
correction factor 1.5;

- for impurity D, multiply the peak area by the
correction factor 1.3;

- for each impurity, use the concentration of lopinavir in
reference solution (b).

Limits:
- impun"ties B, I: for each impurity, maximum

0.2 per cent;
- impurities A, C, D, F, G: for each impurity, maximum

0.15 per cent;

Reference solution (b) Dilute 5.0 mL of test solution (b) to
250.0 mL with the solventmixture.
Reference solution (cJ Dissolve 2.5 mg of lopinavir for system
suitability CRS (containing impurities A, B, C, F, G, I, N,
Q, R, S and 1) in the solvent mixture and dilute to 5.0 mL
with the solvent mixture.
Reference solution (d) Dissolve 2.5 mg of lopinavir forpeak
identification CRS (containing impurities D and 0) in the
solvent mixture and diluteto 5.0 mL with me solvent
mixture.
Column:

- size: 1= 0.25 m, iii = 4.6 mrn;
- stationary phase: end-capped oaade<y/si/yl s#ica gelfor

chromatography R (4 urn);
- temperature: 50 "C.

Mobile phase:
- mobi1e phase A: acetonitrile Rl, phosphate buffer

solution (45:55 VIII);
- mobile phase B: phosphate buffer solution,

acetonitrile Rl (25:75 VIII);

192725-17-0629

Action and use
Protease inhibitor; antiviral (HIV).

(ph. Eur. monograph 2615)

Lopinavir

DEFINITION
(2S)-N- [(IS,3S,4S)-I-Benzyl-4-[[2- (2,6­
dimethylphenoxy)acetyljamino)-3-hydroxy-5-phenylpentylj-3­
methyl-2-[2-oxotetrahydropyrimidin-I(2H)-yljbutanamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white, slightly hygroscopic powder.

Solublllty
Practically insoluble in water, verysoluble in methanol and in
methylene chloride.
It shows polymorphism (5.9).

IDENflFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lopinam"r CRS.
If the spectra obtained in the solid stateshow differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.

TESTS
Specific optical rotation (2.2.7)
-27.0 to -22.0 (anhydrous substance).

Dissolve 0.200 g in methanol R and dilute to 25.0 mL with
the same solvent.

Related substances
A. Liquid chromatography (2.2.29).

Solvern mixture aatonioile Rl, wa.... R (50:50 VIII).

Phosphate bl!ffer solution Dissolve 0.9 g of dipouusium
hydrogen phosphate Rand 2.7 g of potassium dihydrogen
phosphate R in 900 mL of water R and mix well. Adjust to
pH 6.0 with phosphoric acidR, dilute to 1000 mL with
waterR and filter.
Test solution (aJ Dissolve 50.0 mg of the substance to be
examinedinthe solventmixture and dilute to 100.0 mL with
the solvent mixture.
Test solution (b) Dilute 5.0 mL of test solution (a) to
100.0 mL with the solvent mixture.
Reference solution (a) Dissolve 50.0 mg of lopinavir CRS in
the solvent mixture and dilute to 100.0 mL with the solvent
mixture. Dilute 5.0 mL of the solution to 100.0 mL with the
solvent mixrure.
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- unspecified impurities: for each impurity, maximum
0.10 per cent;

- reporting threshold: 0.05 per cent; disregard any peak
eluting after impurity N.

B. Liquid chromatography (2.2.29) as described in test A for
related substances with the following modifications.
Mobile phase Mobile phase A. mobile phase B (30:70 VflI).

Run rime 8.3 times the retention timeof lopinavir.
Identificadon of impwilies Use the chromatogram supplied
with 1Qj>i'na'Vir for system suitability CRS and me chromatogram
obtained with reference solution (c) to identify the peaks due
to impurities Q, R, Sand T; use the chromatogram supplied
with lopinavir for peak identification CRS and the
chromatogram obtainedwithreference solution (d) (0

identify the peak due to impurity O.
Relative retention r .(not TG) with reference to lopinavir
(retention time =about 6 min): impurity N = about 104,;
impurity 0 = about 1.5; impurityQ =about 4.4j
impurity R = about 6.0; impurity S = about 7.1;
impurity T = about 8.5.
System suitability Reference solution (c):

- resolution: minimum 3.0 between the peaks due to
impurities Sand T.

Calculation of percentage contents:
- for impurity O. multiply the peak area by the

correction factor 1.3;
- for impurity Q, multiply the peak area by the

correction factor 0.7;
- foreach impurity, use the concentration of lopinavir in

reference solution (b).

Limits:
- ;mput;ties 0, Q, R, T: for eachimpurity, maximum

0.15 per cent;
- unspecified ;mpun"ties: for each impurity, maximum

0.10 per cent;
- reporting threshold: 0.05 per cent; disregard any peak

eluting before and including impurity N;
- tota! of an impnrities eluting before and including

impurity N in testA and after impurity N in testB:
maximum 0.7 per cent.

Water
(2.5.12): maximum 4.4 per cent, determined on 0.250 g.

Sulfured ash (2.4.14)
Maximum 0.2 percent, determined on 1.0 g.

ASSAY
liquid chromatography (2.2.29) as described in test A for
related substances with the following modifications.
Mobile phase Mobile phase A.
Injection Test solution (b) and reference solution (a).

Run time 1.6 times the retention timeof Iopinavir.
Calculate the percentage contentof C37H4SN405 taking into
account the assigned contentof lopinav;r CRS.

STORAGE
In an airtight container.

IMPURITffiS
Spedjied impurities A, B, C, D, F, G, I, 0, Q, R, T.
Otherdetectable impurities (the fol1awing substances would, if
present at a sufficient levelJ bedetected by tmeorother 0/the tests
in the mtmograph. They arelimited by the general acceptance
cn·terion for otherlunsperified impun'ties andlor by the general
monogroph Substances for pharmaceutical use (2014). It is
therefore notnecessary to identify these impun"ties for
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demonstration 0/compliance. SI!e also 5"10. Control of impurities
in substances forpharmaceutical use) E, H, J, K, LJ kfJ N,
P, S.

A. (2S)-N- [(IS,3S,4S) -1-benzyl-4-amino-3-hydroxy-5­
phenylpentyl]-3-methyl-2-[2-oxotetrahydropyrimidin-l
(211)-yl]butanamide,

B. (2S)-N-[(IS,3S,4S)-I-benzyH-(fonnylamino)-3-hydroxy­
5-phenylpenty1]-3-methyl-2-[2-oxotetrahydropyrimidin-1
(211)-yl]butanamide,

H,C~C;, H S 0 0'1)
C~AyNY'0~JyN

A 0 ~ OH H r CH,
~ 0 0 H,C

C. (2K)-N-[(IS.2S,4S)-I-benzyl-2-hydroxy-4-[[(2S)-3­
methyl-2- [2-oxotetrahydropyrimidin-l(211) -yl]butanoyl]
amino]-5-phenylpentyl]-3-methyl-2-[2­
oxotetrahydropyrimidin-l (2H)-yl]butanamide,

D. (lR,3R)-I-[(lR)-I-[[2-(2,6-dimethylpbenoxy)
acetyl]amino]-2-phenylethyl]-3-[[(2R)-3-methyl-2-[2­
oxotetrahydropyrimidin-l(211)-yl]butanoyl]amino]-4­
phenylbutyl hydrogen sulfate,
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E. N_[(IS,2S,4S)-4_amino_l_benzyl_2_hydroxy_5_
phenylpentylj-2-(2,6-<limethylphenoxy)acetamide,

F. N_[(IS,2S,4S)_I_benzyl-4-(formylamino)-2-hydroxy-5­
phenylpentylj-2-(2,6-dimethylphenoxy)acetamide,

G. N_[(lS,2S,4S)_(4_acetylamino)_I_benzyl_2_hydroxy_5_
phenylpentylj-2-(2,6-<limethylphenoxy)acetamide,

H. N- [(1S) -1- [(4S,6S) -t-benzyl-z-oxo-I ,3-oxazinan-6-ylj-2­
phenylethylj-2-(2,6-dimethylphenoxy)acetamide,

I. (2S)-N-[( IS,2S,4S)-I-benzyl-4-[[2-(2,6­
dimethylphenoxy)acetylj amino]-2-hydroxy-5­
phenylpentylj-3-methyl-2-[2-oxotetrahydropyrimidin-1
(2H)-yljbutanamide,

Lopinavir II-141

J. (2S)-N-[( 1S,3S,4S)-I-benzyl-4-[[2-(2,4­
dimethylphenoxy)acetyljamino)-3-hydroxy-5­
phenylpentylj -3-methyl-2- [2-oxotetrahydropyrimidin-l
(2H)-yljbutanamide,

K. (2R)-N-[(IS,3S,4S)-I-benxyl-4-[[2-(2,6­
dimethylphenoxy)acetyl)amino)-3-hydroxy-5­
phenylpentylj-3-methyl-2-[2-oxotetrahydropyrimidin-1
(2H)-yljbutanamide,

L. N,N'-(Z}-ethene-I,2-diylbis[2-(2,6­
dimethylphenoxy)acetamidej,

M.(2S)-N_[(IR,3R,4S)_I_benxyl-4_[[2_(2,6_dimethylphenoxy)
acetyl) amino]-3-hydroxy-5-phenylpentylj-3-methyl-2- [2­
oxotetrahydropyrimidin-I(2H)-yl)butanamide,

N. (2S)-N-[( IS,3R,4S)-I-benxyl-4-[[2-(2,6­
dimethylphenoxy)acetyljamino)-3-hydroxy-5-
phenyl pentylj-3-merhyl-2-[g-oxctetrahydropyrimidin-I
(2H)-yljbutanamide,
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H-142 LoprazoJam Mesilate

O. (IS,3S)-i-[(1S)-I-[[2-(2,6-dimethylphenoxy)
acetyl]aminoj-2-phenylethyl]-3-[[(2S)-3-methyl-2-[2­
oxotetrahydropyrimidin-I(2H)-yl]butanoyl] amino]-4­
phenylbutyl (2S)-3-methyl-2-[2-oxotetrahydropyrimidin-1
(2H)-yl] buranoate,

P. (2S)-N-[( IR,3S,4S)-I-benzyl-4-[[2-(2,6­
dimethylphenoxy)acetyl]amino]-3-hydroxy-5­
phenylpentylj-3-methyl-2-[2-oxotetrahydropyrimidin-l
(2H)-yljbutanamide,

Q. N-[(IS,2S,4S)-I-benzyl-4-[[2-(2,6­
dimethylphenoxy)acetyl]aminoj-2-hydroxy-5­
phenylpentylj-2-(2,6-dimethylphenoxy)acetamide,

2022

S. (IS,3S)-I-[(1S)-I-[[2-(2,6-dimethylphenoxy)
acetyl]amino]-2-phenylethylj-3- [[(2S)-3-methyl-2-[2­
oxotetrahydropyrimidin-l (2H)-yl]butanoyljaminoj-4­
phenylbutyl 2-(2,6-dimethylphenoxy)acetate,

o H

CH, r~ ':/yo HO

U CH3

T. N,N'-bis[ (IS,3S,4S)-I-benzyl-4-[[2-(2,6­
dimethylphenoxy)acetyljamino]-3-hydroxy-5-phenylpentyl]
urea.

__________________ PhE<I

Loprazolam Mesilate
H

_ \-/Nl02N-&N
fN ~NMe

7' I ~N ,CHaSOaH

CI

DEFINITION .
Loprazolam Mesilate is (Z)-6-(2-chlorophenyl)-2,4-dihydro­
2-(4-methylpiperazin-l-ylmethylene)-8-nitroimidazo[I ,2-a]
[l,4]benzodiazepin-I-onemethanesulfonate mono-hydrate.
It contains not less than 98.5% and not more than 101.0%
of C23H2ICIN603JC~03S,calculated with reference to the
dried substance.

PRODUCTION
Risk assessment should be used to evaluate the potential for
genctoxic methanesulfonate esters to be fonned in the
presence of low molecular weightalcohols. If a risk of
methanesulfonate esterfonnarion is identified through risk
assessment, these impurities shouldnot exceed the threshold
of toxicological concern.

R. (2S)-N-[(lS,3S,4S)-I-benzyl-4-[[2-(2,6­
dimernylphenoxy)acetyljaminoj-3-hydroxy-5­
phenylpentyl]-2-[3-[2-(2,6-dimethylphenoxy)acetyl]-2­
oxotetrahydropyrimidin-i (2H)-ylj-3-methylbutanamide,

Cz,H21CIN,O"CH.,O,S,H,O 579.1

Action and use
Benzodiazepine.

Preparation
Loprazolam Tablers

7011I-54-5
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B. N-methylpipecazine.

79794-75-5382.9

then spray with a solution containing 0.4 g of 4-dimethyl­
aminocimramaldehyde in a mixture of 20 mL of 6M
hydrochloric acidand 100 mL of e!hanol (96%). Heat at 100°
until spots appear (about 10 minutes).

MOBILE PHASE

20 volumesof methanol and 80 volumesof chlorofonn.

LIMITS

Anyspot corresponding to impurity A in the chromatogram
obtained withsolution.(l) is not more intense than the spot
in the chromatogram obtained with solution (3) (0.5%) and
any othersecondary spot is not more intense than the spot in
the chromatogram obtained with solution (2) (0.1%).

Loss on drying
When dried at 1000 to 1050 for 3 hours, loses 2.5 to 4.5% of
its weight. Use 1 g.

Sulfated ash
Not more than 0.1%, Appendix IX A.

ASSAY
Dissolve 0.25 g in 60 mL of a 50% vlv solution of propan-Z­
01 and titrate with 0.05M sodium hydroxide VS determining the
end point potentiometrically. Each mL of 0.05M sodium
hydroxide VS is equivalent to 28.05 mg of C2,H2ICIN.O"

CH.O,S.

IMPURITIES

A. 6-(2-chlorophenyl)-2,4-dihydro-2-[(dimethylamino)
methylene]-8-nitroimidazo [1,2-0) [1,4)benzodiazepin-I­
one; dimethylamino analogue.

(ph. Eur. monograph 2124)

CnH"CIN,O,

Loratadine

Action and use
Histamine H, receptor antagonist; antihistamine.

Preparation
Loratadine Tablets

CHARACTERISTICS
A yellow, crystalline powder.

Slightly soluble in waterand in e!hanol (96%); very slightly
soluble in ether.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of loprazolam mesilate
(RS Z05).

B. The lightabsorption, Appendix II B, in the range 210 to
370 run of a 0.001 % wlv solution in ethand (96%) exhibits a
maximum at 330 nm and a shoulderat 240 run.
The absorbance at the maximum is about 0.7.

TESTS
N-methylpiperaz;ne
Carry out the method for thin-layer chromatography,
Appendixill A, using the following solutions in a mixture of
equal volumes of ch/orofonn and methanol.
(I) 2.0% wlv of the substance being examined.

(2) 0.0050% wlv ofN-me!hylpiperazine.

CHROMATOGRAPHIC CONDITIONS'

(a) Use as the coating silica gel (Merck silica gel 60 plates are
suitable).

(b) Use the mobile phase as described below.

(c) Apply 10 IJ1. of each solution.

(d) Develop the plate to 15 em.

(e) Afterremoval of the plate, allowit to dty in air, heat at
1100 for 15 minutes and spray with a mixture of 50 volumes
of a 2% wlv solution ofpotassium iodide and 1 volumeof a
10% w/vsolution of chbmJp/an·nic(lV) acid.

MOBILE PHASE

2 volumesof 135M ammonia, 20 volumes of methanol and
80 volumes of chloroform.

LIMITS

Any spot corresponding to N-methylpiperazi'ne in the
chromatogram obtained withsolution (I) is not more intense
than thespot in the chromatogram obtainedwith solution (2)
(0.25%).

Related substances
Carry out the method for thin-layer chromarography,
Appendix ill A, using the following solutions in a mixture of
8 volwnes of water, 46 volwnes of chloroform and 46 volumes
of methanol.
(1) 2.0% wlv of the substance beingexamined.
(2) 0.0020% wlv of the substance being examined.

(3) 0.010% wlv of 6-(Z-dllorophenyl)-Z,4-dihydrt>-Z­
[(dimethyiamino)me!hylenej-8-ni""imidazo[J,Z-aj[J,4j
beneodiazepin-l-one BPCRS (impurity A).

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel (Merck silica gel 60 plates are
suitable). Before use) stand the plate in methanol, allowing the
solvent front to ascend 17 em, allowto dryin air,heat the
plate at 1000 to 1050 for 1 hour and use with the flow of
mobile phase in the same directionas that used for the
pretreatment.
(b) Use the mobile phase as described below.

(c) Apply 10 IJ1. of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, allowit to dry in air, spray the
plate with a 5%w/v solurion of titanium(JlJ) chloride in a
solution of hydrochloric acid containing 10% wlv of Hel and
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PhE" _

DEFINITION
Ethyl 4-(8-ehloro-5.6-dihydro-llH-benzo[5,6)cyclobepta [1,2­
b]pyridin-II-ylidene)piperidine-l-carboxylate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solublilty
Practically insoluble in water, freely solublein acetone and in
methanol.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison loratadine CRS.
If the spectra obtained in the solid stateshow differences,
dissolve the substance to be examined and the reference
substance separately in aulOne R, evaporate to dryness and
record new spectra using the residues.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY, (2.2.2, MeUwd If).
Dissolve 1.0 g in methanol R and dilute (Q 20.0 mL with the
same solvent.

ImpurltyH
Gas chromatography (2.2.28).

Internal standard solutWn Dissolve 25 mg of isoamyl
benzoate R in melhy/ene chloride R and dilute to 100 mL with
the same solvent.Dilute 5.0 mL of this solution to 50 mL
with methylene chloride R.
Test solution Dissolve 25.0 mg of the substance to be
examined in melhylene chloride R, add 1.0 mL of reference
solution (3) and 1.0 mL of the internal standard solution and
dilute to 5.0 mL with methylene chloride R.
Reference solution (a) Dissolve 25.0 mg of loratadine
impurity H CRS in methylene chloride R and dilute to
100.0 mL with the same solvent. Dilute 5.0 mL of this
solution to 50.0 mL with methylene chloride R.
Reference solution (b) To 1.0 mL of reference solution (a)
add 1.0 mL of the internal standard solution and dilute to
5.0 mL with methylene chloride R.

Column:
- material: fused silica;
- size: 1= 25 m, 0 =: 0.32 mm;
- stationary phase: melhylpolysiloxane R (film thickness

0.52 urn).

Carnergas helium for chromatography R.

Flow rate 1.0 mIlmin.

Sp/itratio 1:30.

Temperature:

Column

Injection port

Detector

TUne
(min)

0-1

1 - 23

23·33

Temperature

CCJ
80

80 ~ 300

300

260

:JOO

Detection Flame ionisation.
Injutum 1 ~L of the test solutionandreference solution (b).

Relativeretention With reference to loratadine (retention
time = about 32 min): impurity H =about 0.33; isoamyl
benzoate =: about 0.37.
System suicab,7ity Reference solution (b):
- resolution: minimum 2.0 betweenthe peaksdue to

impurity H and isoamyl benzoate;
- signal-to-noise ratio: minimum 10 for the peakdue to

impurity H.

Limit:
- impurity H: calculate the ratio (R) of the area of the peak

due to impurity H to the area of me peakdue to isoamyl
benzoate from the chromatogram obtained with reference
solution (b); from the chromatogram obtained with the
test solution,calculate the ratio of the area of the peak
due to impurity H to the area of thepeak due to isoamyl
benzoate: this ratio is not greater than twiceR
(0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.
Reference solution (a) Dissolve 5 mg of loratadine
impurity F CRS in the mobile phase and dilute to 25 mL
withthe mobilephase.Dilute 1 rnLof this solution to
10 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of loratadine for system
suitobility CRS (containing impurities A and E) in the mobile
phase, add 0.5 mL of reference solution (a) and dilute to
5 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solutionto 10.0 mL with the mobile phase.
Column:
- size: / =0.25 m, 0 =4.6 mm;
- stationary phase: spherical end-capped ocradecylsilYl silica gel

for chromatography R (5 fUll) with very low silanol activity;
- temperature: 40 "C.
Mobilephase Mix 30 volumes of methanol R, 35 volumes of
a 6.8 gIL solution of porassium dihydrogen phosphate R
previously adjusted to pH 2.80 ± 0.05 with phcsphoric acid R
and 40 volumes of aceumitrik R.
Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 nm.
Injeaion 20,u. of the test solutionand reference
solutions (b) and (c).

Run time 5 times the retention time of loratadine.
ldentificau"on of impurities Use the chromatogram supplied
with loratadine for S)l$tem suitabilif}' CRS and the
chromatogram obtained with reference solution (b) to

identify the peaks due to impurities A and E.
Relative retention With reference to loratadine (retention
time =about 12 min): impurity D =about 0.2;
impurity B =about 0.4; impurity F =about 0.9;
impurity E = about 1.1; impurity A = about 2.4;
impurity C = about 2.7.

System suitobility Reference solution (b):
- peak-to-va/Jey ratio: minimum 2.5, where Hp = height

above the baseline of the peakdue to impurity E and
H. =height above the baseline of the lowest point of the
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curve separating this peak from the peak due to
loratadine.

Limits:
~ correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 1.7;
impurity F =1.6; impurity E =1.9;

- impun'ty F: not more than twice the areaof the principal
peak in the chromatogram obtained with reference
solution (c) (0.2 per cent);

- impun"u"es A, B, C, D, E: foreach impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (c) (0.1 per cent);

- unspecified impun"ties: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (e) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (e)
(0.5 per cent):

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwith reference solution (c)
(0.05 per cent).

Sulfates (2.4.13)
Maximum 150 ppm.

Ignite 1.33 g at 800 ± 25 "C and lake up the residue with
20 mL of distilled waterR. Filter, if necessary, through paper
free from sulfates. Repeat the filtration with new paper filters
until the filtrate is no longer turbid.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C. .

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of glacial acetic acidR. 'Titrate
with 0.1 M per<hloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchlori< acidis equivalent to 38.29 mg
of C22H2lClN202'

IMPURITIES
Specified impurities A, BJ CJ DJ EJ F, H.
Otherdetectable impurities (thefollowing subsrances would, if
present at a sufficient level, be detected by one ())' other of the tests
in the monograph. They a.. limited by the general acceptance
criterion for other/unspecified impuritiM and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) G.

and enantiomer

A. ethyl 4-[(IIRS)-8-chloro-ll-hydroxy-6,1l-dihydro-5H­
benzo[5,6]cyclohepta[1,2-b]pyridin-ll-yl]piperidine-l­
carboxylate,

Loratadine 11-145

C'%,0
"" N\
~

B. 8-chloro-5,6-dihydro-ll H-benzo[5,6j cyclohepta] l ,2-bj
pyridin-Ll-one,

C'WNJlO/--.CH3

"" N
~

CI

C. ethyI4-(4,8-dichloro-5,6-dihydro-llH-benzo[5,6]
cyclohepla[I,2-bjpyridin-ll-yUdene)piperidine-l­
carboxylate,

GIrt'"NH
"" N
~

D. 8-chloro-ll-(piperidin-4-ylidene)-6, ll-dihydro-5H-benzo
[5,6]cyclohepra [I ,2-b]pyridine,

C'~Jl~---=~I N 0 CH3

andenantiomer

"" N
~

E. ethyl 4-[(llRS)-8-chloro-6,1l-dihydro-5H-benzo[5,6]
cyclohepta[1,2-b]pyridin-ll-yl] -3,6-dihydropyridine-1
(2H)-carboxylale,

C1~",F ..OJlO~CH3
and eneoucmer

"" N
~

F. ethyI4-[(IIRS)-8-chloro-ll-fluoro-6,II-dihydro-5H­
benw[5,6]cyclohepta[1,2-b]pyridin-ll-yl]piperidine-l­
carboxylate,

G. 8-chloro-ll-( I-methylpiperidin-4-ylidene)-6, l l-dihydro­
5H-benzo[5,6]cyclohepta[I,2-b]pyridine,
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H. ethyl 4-oxopiperidine-l-carboxylate.

P1>£<r _

Thno MobUe phose A Moblle phase B
(nUn) (per cent VIJI) (per cent VIV)

0-5 80 20

5 - 35 80 --> 30 20 --> 70

35 - 50 30 70

50 - 60 30 --> 80 70 --> 20

F/Qw rote 1.0 mUmin.

Deteaion Spectrophotometer at 235 run.

Inj«oon 20 ~L.

Identification of impuniies Use the chromatogram supplied
with lorazepom for sysum suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities Band D.

Relative retention Withreference to lorazepam (retention
time = about 17 min): impurity D = about 0.9;
impuriry B =about I. I.

System suitability Reference solution (b):
- resolution: minimum 4.5 between thepeaksdue to

impurity D and lorazepam;
- ptak-to-va/1ey ratio: minimum 5.0, where Hp = height

above the baseline of the peakdue to impurity Band
Hv = heightabovethe baseline of the lowestpoint of the
curve separating thispeakfrom thepeak due to

lorazepam.
Limits:
- impurity B: not more than the area of the principal peak in

the chromatogram obtained with reference solution (a)
(0.10 per cent);

- impurity D: not more than the area of the principal peak
in the chromatogram obtained with reference solution (c)
(0.10 per cent);

- unspecified impurities: foreach impurity, not more thanthe
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.10 percent);

- rotal: not more thantwice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuoat 105 °C at a pressure not exceeding 0.1 kPa.

and D) in I mL of a mixture of equalvolumes of
acetonitrile Rl and waterR.
Reference solution (c) Dissolve 4.0 mg of lorazepam
impurity D CRS in 25 mL of acetonitrile Rl and dilute to
50.0 mL with waterR. Dilute 1.0 mL of this solution to
100.0 mL with a mixtureof equal volwnes of acetonitrile Rl
and water R.
Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-eapped octade<:y/silyl silica gelfor

chromatography with extended pH range R (5 urn).

Mobile phase:
- mobile phase A: dissolve 3.48 g of dipotassium hydrogen

phosphate R in a mixture of 50 mL of aceron;tn"le RJ and
850 mL of waterfor chromatagraphy R; adjust the apparent
pH to 10.5 with a 40 gIL solution of sodium hydroxide R
and dilute to 1000 mL withwaterfor chromatography Rj

- mobl1e phase B: aceronirri/e Rl;

846-49-1321.2

CI~:I ~}~H aoc enenucmer

V " CI
.&

Action and use
Benzodiazepine.

Preparations
Lorazepam Injection
Lorazepam Oral Solution

Lorazepam OralSuspension
Lorazepam Tablets

____________________ P1>E<r

a

oD)l.O/'-CH3

(ph. Bur. monograph 1121)

Lorazepam

DEFINITION
(3RS)-7-Chloro-5-(2-chlorophenyl)-3-hydroxy-I,3-dihydro­
2H-I,4-benzodiazepin-2-one.

Content
98.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystaUine powder.

Solubility
Practically insoluble in water, sparingly solublein ethanol
(96 per cent), sparingly soluble or stightly soluble in
methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Spectral range 600-2000 em-'.

Comparison lorazepam CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution Dissolve 40.0 mg of the substance to he
examined in 25 mL of aaumitrileRl and dilute to 50.0 mL
with water R.
Reference solution (aJ Dilute 1.0 mL of the test solution [0

100.0 mL with a mixture of equal volumes of acetorlitrile Rl
and waterR. Dilute 1.0 mL of this solution to 10.0 mL with
a mixture of equal volumesof acewnitrile RI and water R.
Reference solution (b) Dissolve the contentsof a vial of
lorazepam for syuem' suitability CRS (containing impurities B
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2022 Lormetazeparn 11-147

E. 6-chloro-4-(2-chlorophenyl)quinazoline-2-carbaldehyde.
~ ~ ""E"

848-75-9

Me, 0

N~OH
-N H

335.2

andenantiomer

Lormetazepam

Action and use
Benzodiazepine.

Preparation
Lonnetazepam Tablets

CI

CHARACTERISTICS
A white, crystalline powder.
Practically insoluble in water; soluble in emanol (96%) and in
methanol.

CI '"

DEFINITION
Lonnetazepam is (RS)-7-chloro-5-(2-chlorophenyl)-1,3­
dihydro-3-hydroxy-l-methyl-l,4-benzodi32epin-2-one.
It contains not less than99.0% and not more than 101.0%
of C16H12C12N202) calculated withreference to the dried
substance.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix Il A, is
concordant with the reference sp«lTUm of lormetazepam
(RS 207).

B. In the test for Related substances, the chromatogram
obtainedwith solution (2) shows a peak with the same
retention time as the principal peakin the chromatogram
obtained with solution (4).

TESTS
Related substances
Carry out the method for liquid chromatography,
Appendixm D, using the following solutions in methanol
(70%).

(1) 0.25% w/v of the substance being examined.
(2) 0.0005% wlv of the substance being examined.

(3) 0.00025% wlv of the substance being examined.

(4) 0.0005% w/v of lormetazepam BPCRS.

(5) 0.00025% w/v each of iormetazepam BPCRS and
ioraeepom BPCRS.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 gin 30 mL of dimethylformamide R. Titrate
with 0.1 M tetrabuty/ammonium hydroxide, determining the
end-point potentiometrically (2.2.20). Protect the solution
from annospheric carbon dioxide throughout the titration.
1 rnLof 0.1 M tetrabutylammonium hydroxide is equivalent to
32.12 mg of C15HIOCl,N,O,.

IMPURITIES
Spe<ijied impurities B, D.

Otherdetectable impurities (thefol!bwing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by tJu general Qa:tpurnce
criterion for otherhmspecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary UJ identify these impurities for
demonstration of compliance. Seealso 5.10. Control of impurities
in substances for pharmaceutical use) A.. C.. E.

%
H'

CI ~ 0

'" Cl

1.<"

CI~'" I ~~~NO.~yOCH,

andenanllomer

'" Cl
.&

~>O

CI~I~N,o
'" CI

.&

CI~""~ ..~io andenantiome,

'" CI

1.<"

A. (2-amino-5-chlorophenyl)(2-chlorophenyl)methanone,

B. (3RS)-7-chloro-5-(2-chlorophenyl)-2-oxo-2,3-dihydro-1H­
lA-benzodiazepin-3-yl acetate,

C. 7-chloro-5-(2-chlorophenyl)-1,3-dihydro-2H-1 ,4­
benzodiazepin-2-one 4-oxide,

D. (5RS)-7-chloro-5-(2-chlorophenyl)-4,5-dihydro-lH-I,4­
benzodiazepine-2,3-dione,

www.webofpharma.com



II-148 Losartan Potassium 2022

""E" ~ _:___

**** ** ** ****

124750-99-8

Me, 0

N~OAC
-N H

CI

461.0

Me, 0
,:?

N->=O

CI "" NH

"'"
CI

#

CI

B. cYacetyl-lonnetazepam,

C.7-chloro-I-methyl-5-(2-chlorophenyl)-4,5-dihydro-2
H-I ,4-benzodiazepin-2,3-(1 H)-dione.

Action and use
Angiotensin II (ATl) receptor antagonist.

Preparation
Losartan Potassium Tablets

Losartan Potassium
(Ph. Bur. monograph 2232)

DEFINITION
Potassium 5-[4'-[[2-butyl-4-chloro-5-(hydroxymethyl)-IH­
imidazol-I-yl]methyl]biphenyl-2-yl] tetrazol-I-ide.

Content
98.5 per cent ro 101.5 per cent (dried substance).

PRODUCTION
As N-nitrosarnines are classified as probable human
carcinogens, their presence in losanan potassium should be
avoided or limited as muchas possible. For this reason,
manufacturers of losananpotassium forhuman use are
expected to perform an assessment of the risk of
iV-nitrosamine formation and contamination during their
manufacturing process; if this assessment identifies a
potential risk, the manufacturing process should be modified
to minimise contamination and a control strategy
implemented to detectand control N-nitrosamine impurities
in losartan potassium. The general chapter 2.5.42.
iV-Nitrosann"nes in active subsumas is available to assist
manufacturers.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (20 em x 4.6 mm) packed
with end-eapped ocrade,;ylsilyl silica gelfor chromarography
(5 urn) (Hypersil ODS is suitable).

(b) Use isocraticelution and the mobile phase described
below.
(c) Use a flow rate of 2 mL per minute.
(d) Use an ambient column temperature.

(e) Use a detection wavelength of 230 om.

(I) Inject 20 ~L of each solution.

MOBILE pHASE

48 volumes of methanol and 52 volumes of a phosphate
buffer prepared by dissolving 4.91 g of sodium dihydrogen
orthophosphate and 0.633 g of disadium hydrogen orthophosphate
in sufficientwater to produce 1000 mL.

SYSTEM SUITABILITY

The test is not valid unless the resolution foetor between the
two principal peaks in the chromatogram obtained with
solution (5) is at least 4.

UMITS

In the chromatogram obtained with solution (1):

the area of any secondary peak is not greater than that of the
principal peak in the chromatogram obtained withsolution
(2) (0.2%);

not more than two such peaks have an area greater thanthe
area of the principal peakin the chromatogram obtained with
solution (3) (0.1%);

the sum of the areas of aU such peaks is not greater than
2.5 times the area of the principal peakobtained with
solution (2) (0.5%).

Loss on drying
When dried to constant weight at 1050 for 3 hOUlS) losesnot
more 1.0% of its weight. Use 1 g.
Sulfated ash
Not more than 0.1%,Appendix IX A.

ASSAY
Dissolve 0.5 g in 50 mL of niuoethane andcarry out
Method I for non-aqueous titratWn, Appendix VIII A,
determining the end point potentiometrically. EachmL of
O.1M perchionc acid VS is equivalenr to 33.52 mg of
CI6HlzClzNzOz-

STORAGE
Lormetazepam should be protected from light.

IMPURITIES

NHMe

CI

"'" CI

#

o

A. 2-methylamino-2')5-dichlorobenzophenone,
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CHARACTERS
Appearance
While or almost white, crystalline powder, hygroscopic.

Solubility
Freely soluble in water and in methanol, slightly soluble in
acetonitrile.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison losartanpotassium CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectrausing the residues.

B. Dissolve 25 mg in 3 mL of waW" R. The solution gives
reaction (a) of potassium (2.3.1).

TESTS
Related substances
liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test sohuion Dissolve 30.0 mg of the substance to be
examined in methanol R and dilute to 100.0 mL with the
same solvent.

Reference solution (a) Dilute 1.0 mLof the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 6 mg of lriphenyimethonol R
(impurity G) in 100 mL of methanol R. Dilute I mL of the
solution to 100 mL with methanol R. Use 1 mL of this
solution to dissolve the contents of a vial of losartan for system
suitability CRS (containing impurities J, K, Land M) and
sonicate for 5 min.
Reference solution (e) Dissolve 3.0 mg of touman
impun'tyD CRS in methanol R and dilute to 100.0 mL with
the same solvent. Dilute 1.5 mL of this solution to 100.0 mL
with methanol R.

Column:
- size: 1= 0"25 m, 0 :::::: 4.6 rom;
- stationary phase: end-copped octadecylsilyl silica gelfor

chromawgraphy R (5 pm);
- temperature: 35 DC.

Mobilephase:
- mobile phaseA: dilute 1.0 mL of phosphoric acid R to

1000 mL with waterfor chromatography R;
- mobile phaseB: autonitrile Rl;

Time Mobile phase A Mobile phase B
(min) (per cent VM (per cent J'fJJ)

0-5 75 25

5 - 30 75 --> 10 25 --> 90

30·40 10 90

Flow rate 1.3 mUmin.

Detection Spectrophotometer at 220 run.

Injection 10 ~L.

Identification of impuniies Use the chromatogram supplied
with Iosattan for system suitability CRS and the chromatogram
obtainedwith reference solution (b) to identify the peaksdue
to impurities G, J, K, Land M; use the chromatogram
obtained with reference solution (c) to identify the peakdue
to impurity D.

Losartan Potassium II-149

Relatiue retention Withreference to losartan (retention
time = about 14 min): impurity D = about 0.9;
impurity J= about 1.4; impurity K:::::: about 1.5;
impurity L =about 1.6; impurity M :::::: about 1.75j
impurity G =about 1.8.

System suitability Reference solution (b):
- peak-IO-val/ey ratio: minimum 2"0,where Hp :::::: height

above the baseline of the peakdue to impurity M and
HI} :::::: height above the baseline of the lowest point of the
curveseparating thispeakfrom the peakdue to
impurity G.

Limits:
- impun"ty D: not more thanthe area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.15 per cent);

- impurities J, K, L, AtC: for each impurity, not more than
1.5 times the area of the principal peakin the
chromatogram obtained withreference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times me area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, detenuined on 1.000 g by drying in
an oven at 105 DC.

ASSAY
Dissolve 0.200 g in 75 mL of anhydrous acetic acid R and
sonicate for 10 min. Carry out a potentiometric titration
(Z.2.2(J) using 0.1 M perehwnc acid.
1 mL of 0.1 M perchloric acid is equivalent 10 23.05 mg
of C22H 22CIKN.O.

STORAGE
In an airtight container.

IMPURITIES
Specified impuriu'es D, J, K, L, M.
Otherdetectable impuriu'es (the following substances uould, .f
present at a sufficient leve/J be deucted by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cntetion for other/unspecified impurities and/or by thegeneral
monograph Substances for phannaceutical use (2034). It is
therefore not necessary to identify these impun"£ies for
demonstration of compliance. See olso 5.10. Control of impurities
in substances for pharmaceutical use) B, C, EJ F, GJ H, 1.

N=N, .

UO
HN ,< N

HO "'" I

"" "'"""I
B. [2'-(IH-tetrazol-5-yl)biphenyl-4-yl]methanol,
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a N=N, .
1-.-. HN AN

r-{ N ,;7

HO N~ I ,;7 I
CH3 ~

C. [2-butyl-5-chloro-I-[[2'-(IH-tetrazol-5-yl)biphenyl-4-yl]
methyl]-IH-imidazol-4-yl]methanol,

OHC

a---('NH
N~

CH,

D.2-butyl-4-chloro-IH-imidazole-5-carbaldehyde.

E. 5-(4'-methylbiphenyl-2-yl)-IH-retrazole,

I. 5- [4'-[[2-butyl-4-chloro-5-[[(triphenylmethyl]oxy]methyl]­
1H-imidazol-I-yl]methyl]biphenyl-2-yl]-1 H-retrazole,

J. [2-buryl-4-chloro-l-[[2'-(1H-retrazol-5-yl)biphenyl-4-yl]
methyl]-I H-imidazol-5-yl]methyl acetate,

K. 2-buryl-4-chloro-I-[[2'-( IH-retrazol-5-yl)biphenyl-4-yl]
methyl]-IH-imidazol-5-carbaldehyde,

G. triphenylmethanol,

F. 5-[4'-[[2-buryl-4-chloro-5-[[(l-methylethyl)oxy]methyl]­
1H-imidazol-I-yl]methyl] biphenyl-2-yl]-I H-terrezole,

~3
N=N J=<N,. ~

N" N
CI

L. [2-buryl-I-[[2'-[1-[[2-buryl-4-chloro-I-[[2'-( lH-retrawl-5­
yl)biphenyl-4-yl]methyl]-IH-imidazol-5-yl]methyl]-IH­
tetrazol-5-yl]biphenyl-4-yl]methyl]-4-chloro-IH-imidazol­
5-yl]methanol,

OH

H. [2-buryl-4-chloro-l-[[2'-[2-(triphenyimethyl)-2H-retrazol­
5-yl]biphenyl-4-yl]methyl]-I H-imidazol-5-yl]methanol,
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PhE,; _

Impurity E
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in acetonitrile R and dilute to 25.0 mL with the
same solvent.
Reference solution (a) Dilute 5.0 mL of the test solution '0
100.0 mL with acetonimk R. Dilute 5.0 mL of this solution
to 50.0 mL with acetonitrile R.
Reference solutwn (b) Dissolve 4 mg of louasuuin for peak
identification CRS (containing impurities A, B, C, D, E and
F) in aceumitrile R and dilute 10 10 mL with the same
solvent.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated ocrylsi(yl silica gelfor

chromatogrophy R (5 um);
- temperature: 40 DC.

Mobile phase 1.1 gILsolutionof phosphon·c acid R,
acetonitrile R1 (35:65 VIV).

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 200 run.
I meaion I0 ~L.

Run lime 3 times the retention time of lovastarin,
Idenlifirotion of impurities Use the chromatogram supplied
with lovastatin for peak identification CRS and the
chromatogram obtained with reference solution (b) to

Identify the peak due to impurity E.

Relalive retention With reference to lovastatin (retention
time =about 5 min): impurity E =about 1.3.
System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaksdue to

lovastatin and impurity E.

Limit:
- correction factor: for the calculation of content, multiply the

peakarea of impurity E by 1.6;
- impun"ty E: not more than the area of the principal peak in

the chromatogram obtained with reference solution (a)
(0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examinedin acetonitrile R and dilute to 50.0 mL with the
same solvent.
Reference solution (a) Dissolve 20.0 mg of louastatin CRS in
acewnicrile R and dilute to 50.0 mL with the same solvent.
Reference sduuon (b) Dilute 5.0 mL of the test solution to
100.0 mL with acetonitrile R. Dilute 5.0 mL of this solution
to 50.0 mL with acetonitrile R.
Reference solution (,) Dissolve 4 mg of louastatin for peak
identification CRS (containing impurities A, B, C) D, E
and F) in acetonittiie R and dilute to 10 mL with the same
solvent.
Column:
- size: 1= 0.25 m, 0 =4.6 mrn;
- stationary phase: base-deactivated oaylsi(yl silica gel for

,hromarography R (5 pm).

Mobile phase:
- mobile phase A: 0.1 per cent VIV solution of phosphoric

acid R;
- mobile phase B: acetonitrile for chromarography R,;

**** ** ** ****

7533()'75-5404.5

(Ph. Bur Monograph 1538)

Lovastatin

Action and use
HMG Co-A reductase inhibitor; lipid-regulating drug.

__________~-_- ~-- PhE,;

M. [2-butyl-l-[[2'- [2-[[2-butyl-4-chloro-I-[[2 ' -(I H-tetrazol-5­
yl)biphenyl-4-yl)methyl]-IH-imidazol-5-yl)methyl)-2H­
tetrazol-5-yl]biphenyl-4-yl]methyl)-4-chioro-1H-imidazol­
5-yl]methanol.

DEFINITION
(IS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydruxy-6-oxooxan-2-yl]
ethyl]-3,7-dimethyl-I ,2,3,7,8,8a-hexahydronaphthalen-I-yl
(2S)-2-methylbutanoate.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubillty
Practically insoluble in water, soluble in acetone, sparingly
soluble in anhydruus ethanol.

IDENTIFICATION
A. Specific optical roration (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison lovastatin CRS.

TESTS
Specific optical rotation (2.2.7)
+ 325 '0 + 340 (anhydruus substance).
Dissolve 0.125 g in acetonimle R and dilute to 25.0 mL with
the same solvent.
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Flow raCe 1.5 mllrnin.

Detection Spectrophotometer at 238 run.

Injection 10 J.lL of the test solution and reference
solutions (b) and (c).

Idemification of impun"tits Use the chromatogram supplied
with Ioeastatin for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, BJ C, D and F.

Relativeretention With reference to lovastatin (retention
time =about 7 min): impurity B =about 0.6;
impurity A = about 0.8; impurity F =about 0.9;
impurity C = about 1.6; impurity D =about 2.3.

System suitability Reference solution (e):
- pulk-UHJa/ley ralio: minimum 3.0, where Hp =height

above the baseline of the peak due to impurity F and
H; =height above the baseline of the lowest point of the
CUIVe separating this peak from the peak due to lovastatin.

Limits:
- impuritres A, B~ C~ D: for each impurity, not more than

0.6 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.3 per cent);

- impurily F: Dot more than 0.3 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.1Z)
Maximum 0.5 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maxlmum 0.2 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of C2JI3605 taking into
account the assigned content of lovastatin GRS.

STORAGE
Under nitrogen, at a temperature of 2°C to 8 °C.

IMPURITIES
Specified impuruies A~ B~ C, D, E~ F.

Time
(min)

0-7

7-9

9 - 15

15 - 20

Mobile phase A
(per cent JlJ1I)

40

40 --l 35

35 ..... to
10

Mobile phase B
(per cent JIm

60

60 65

65 90

90

A. (IS,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2-yl]
ethyl]-7-methyl-I ,2,3,7 ,8,8a-hexahydronaphthalen-I-yl
(2S)-2-methylbutanoate (mevastatin),

B. (3R,5R)-7-[(IS,ZS,6R,8S,8aR)-2,6-dimethyl-8-[[(2S)-2­
methylbutanoyl)oxy]-1,2,6,7,8,8a-hexahydronaphthalen-l­
yl)-3,5-dihydroxyheptanoic acid (hydroxyacid lovastatin),

c. (IS,3R,7S,8S,8aR)-3,7-dimethyl-8-[2-[(2R)-6-oxo-3,6­
dihydro-2H-pytan-2-yl)ethyl)-1,2,3,7,8,8a­
hexahydronaphthalen-l-yl (2S)-2-methylbutanoate
(dehydrolovastatin),

D. (2R,4R)-2-[2-[(IS,2S,6R,8S,8aR)-2,6-dimethyl-8-[[(2S)­
2-methylbutanoYl)oxy)-1,2,6,7,8,8a-hexahydronaphthalen­
l-yl]ethyl]-6-oxooxan-4-yl (3R,5R)-7 -[(IS,2S,6R,8S,8aR)­
2,6-dimethyl-8-[[(2S)-2-methylbu tanoyl]oxy]-1,2,6,7,8,8a­
hexahydronaphthalen-l-yl]-3,5-dihydroxyheptanoate
(lovastatin dimer),
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PIIE« ~_

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 10 mL with the samesolvent.
Reference solution (a) Dissolve 5 mg of tetracycline
hydrochloride CRS in methanol R and dilute to 10 mL with the
same solvent.
Reference solution (b) Dissolve 5 mg of tetracycline
hydrochloride CRS, 5 mg of demeclocydine hydrochloride Rand
5 mg of oxytetracydine hydrochloride R in methanol R and
dilute to 10 mL with the same solvent.
Plate TLC O<tade<)llsilyl silica gelF2, . plate R (2-10 pm).

Mobile phase NUx 20 volumes of acetonitrile R, 20 volumes
of methanol Rand 60 volumesof a 63 gILsolution of oxalic
add R previously adjusted to pH 2.0 withconcentrated
ammonia R.

Application 2 ~L.

Development Over half of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 nm.
Systemsuitability Reference solution (b):

- the chromatogram shows 3 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg of the substance to be
examinedin 50 mL of waterR.
Reference solution (a) Dissolve 10 mg of lysine
hydrochloride CRS in waterR aod dilute to 50 mL with the
same solvent.
Reference solution (b) Dissolve 10 mg of arginine CRS and
10 mg of lysine hydrochloride CRS in water R aod dilute to
25 mL with the same solvent.
Plate TLC silica gelplateR.
Mobile phase concentrated ammonia R, 2-propanol R
(30:70 VIII).

Application 5 ~IL.

Development Over 314 of the plate.

Drying At 100-105 QC until the ammonia disappears
completely.

Detection Spray with ninhydrin solution R andheat at
100-105 -c for IS min.

System suitability Reference solution(b):
- the chromatogram shows 2 clearly separated principal

spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).
C. Dissolve 0.2 ginS mL of waterR, add 0.3 mL of
phosphoric acidR and distil. To I mL of the distillate add
10 mL of chromotropic acid-sulfuric acidsolution R. A violet
colouris produced.
D. Specificopticalrotation (see Tests).

TESTS
pH (2.2.3)
7.8 to 8.2.

Dissolve 0.1 'g in 10 mL of carbon dioxide-free water R.

992-21-2603

(ph. Bur. monograph 1654)

Action and use
Tetracycline antibacterial.

Preparation
Lymecycline Capsules

Lymecycline

E. (I S,3S,4aR, 7S,8S,8aS)-8-[2-[(2R,4R)-4-hydroxy-6­
oxooxan-2-yl]er:hyl]~3j7-dimelhyl- J,2,3,4,43,7,8,Sa­
octahydronaphthalen-I-yl (2S)-2-methylbutaooate (4,4a­
dihydrolovastatin),

____________________ PIIE<8

F. (IS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2­
yI)ethyl)-3,7-dimethyl-I,2,3.7,8,8a-hexahydronaph thalen­
I-yl (2Z)-2-methylbul-2-enoate.

o

~H'~
H~'H .. H... ....OH

I .H 0 0 H

HY­
~CH3

.... H3C
H CH3

DEFINITION
(2S)-2-Amino-6-[[[[[(4S,4aS,5aS,6S,12aS)-4­
(dimethylamino)-3,6, IO,12,12a-pentahydroxy-6-methyl-l,11­
dioxo-I ,4,4a,5,5a,6,11, 12a-octahydrotetracen-2-yl]carbonyl]
amino)methyl]amino)hexaooic acid (reaction product of
formaldehyde, lysine and tetracycline).

Semi-synthetic product derived from a fermentation product.

Content
81.0 per cent to 102.0 per cent (equivalent to 60.0 per cent
to 75.0 per cent of tetracycline) (anhydrous substance).

CHARACTERS
Appearance
Yellow, hygroscopic powder.

Solubility
Verysoluble in water, slightly soluble ln. ethanol
(96 per cent), practically insoluble in methylene chloride.
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Specific optical rotation (2.2.7)
-180 to -210 (anhydrous substance).

Dissolve 0.250 g in water R and dilute to 50.0 mL with the
same solvent.

Free tetracycline (impurity H)
Maximum 2.5 per cent (anhydrous and methanol-free
substance).

To 0.5 g add 50 mL of bUlyl acetal< R and allow to stand at
25 °C for 1 h. Filter and extract the filtrate with 2 quantities,
each of 25 mL, of 0.1 M hydrochloric acid. Combine the
extracts and dilute to 50.0 mL with 0.1 M hydrochlori< acid.
Dilute 10.0 mL of this solution to 100.0 mL with 0.1 M
hydrochlcnU acid. The absorbance (2.2.25) measured at
355 run is not greater than 0.64.

Light-absorbing impurities
The absorbance (2.2.25) is not greater than 0.50 at 430 run
(anhydrous and methanol-free substance).
Dissolve 25.0 mg in 0.01 M hydrochloric acidand dilute to
10.0 mL with the same acid.

Related substances
Liquid chromatography (2.2.29). Prepare the sdutions
immediauly before use.
Test solution Dissolve 0.125 g of the substance to be
examined in 5.0 mL of waterR. Add 1.0 mL of a 40 WL
solution of sodium maabisulfite R and allow to stand in the
dark at 20-25 "C for 16-24 h, without stirring. Add 50 mL of
0.05 M hydrochlon"c acid, shake to dissolve the precipitate and
dilute to 100.0 mL with waterR.
Reference solution (a) Dissolve 25.0 mg of tetracycline
hydrochloride CRS in 0.01 M hydrochlori< acid and dilute to
25.0 mL with the same acid.
Reference SolUlion (b) Dissolve 12.5 mg of 4-epil<o-acyc/ine
hydrochloride CRS (impurity A) in 0.01 M hydrochlori< acid
and dilute [0 50.0 mL with the same acid.
Reference solution (c) Dissolve 10.0 mg of anhydrotelTacydine
hydrochlorifk CRS (impurity C) in 0.01 M hydrochlori< acid
and dilute to 100.0 mL with the sarne acid.

Reference solution (d) Dissolve 10.0 mg of
4-epianhydrot<tracycline hydrochlorifk CRS (impurity D) in
0.01 M hydrochloric acidand dilute to 50.0 mL with the same
acid.
Reference solu,ion (e) Mix I mL of reference solution (a),
2 mLof referencesolution (b) and 5 mL of reference
solution (d) and dilute to 25 mL with 0.01 M hydrochlon"c
acid.
Reference solution (f) Mix 40.0 mL of reference solution (b),
20.0 mL of reference solution (c) and 5.0 mL of reference
solution (d) and dilute to 200.0 mL with 0.01 M hydrochlori<
acid.
Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: slyrene-di"inylbeuzene copolymer R (8 urn)

with a pore size of 10 nm;
- temperature: 60°C.

MoMe phase Weigh 80.0 g of 2-mechyl-2-propanol Rand
transfer to a 1000 mL volumetric flask with the aid of
200 mL of waterR; add 100 mL of a 35 WL solution of
dipotassium hydrogeu phosphate R adjusted to pH 8.0 with
dilute phosphori< acid R, 200 mL of a to WL solution of
tetraburylammonium hydrogen sulfate R adjusted to pH 8.0
with dilul< sodium hydroxide solution R, and 10 mL of a 40 WL
solution of sodium edetate R adjusted to pH 8.0 with dilute

2022

sodium hydroxide solurion R; dilute to 1000.0 mL with
waterR.
Flowrate 1.0 mUmin.
Detection Spectrophotometer at 254 om.

Injection 20!1L of the test solution and reference
solutions (e) and (f).

Run time 5 times the retention time of the principal peak in
me chromatogram obtained with the test solution.
Relative reiention With reference [0 tetracycline (retention
time =about 8 min): impurity E =about0.50;
impurityA =about 0.6; impurity F =about 0.68j impurity B
(eluting on the tail of the principal peak) = about 1.2j
impurity D = about 1.45j impurity G = about 1.45;
impurity C = ahout 2.95.

System suitability Reference solution (e):
- resolution: minimum 3.0 between the 151 peak (impurity A)

and the 2nd peak (tetracycline) and minimwn 5.0 between
the 2nd peak and the 3rd peak(impurity D); adjust the
concentration of 2-methyl-2-propanol in the mobile phase
if necessary;

- symmetry factor: maximum 1.25 for the peak due to
tetracycline.

Limits:
- impurity A: not more than the areaof the corresponding

peak in the chromatogram obtainedwith reference
solution (f) (5.0 per cent),

- impun'ty C: not more than the area of the corresponding
peak in the chromatogram obtainedwithreference
solution (f) (1.0 per cent),

- impun"ties B, E, F: for each impurity, not more than
0.1 times the area of the peakdue to impurity A in the
chromatogram obtained with reference solution (f)
(0.5 per cent),

- sum of impurities D and G: not more than the area of the
corresponding peak in the chromatogram obtained with
referencesolution (f) (0.5 per cent),

- attV other impurity: for each impuriry, not more than
0.04 times the area of the peak due to impurity A in the
chromatogram obtained with reference solution (f)
(0.2 pet cent),

- total: not more than 1.6 times the area of the peakdue to
impurityA in the chromatogram obtained withreference
solution (f) (8.0 per cent),

- disregard limir. 0.02 times the area of the peak due to
impurity A in the chromatogram obtained with reference
solution (f) (0.1 per cent).

Methanol (2.4.24, System A)
Maximum 1.5 per cent.

Water (2.5.12)
Maximum 5.0 per cent, determined on 0.20 g.

Sulfated ash (2.4.14)
Maximum 0.5 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solution and reference solution (a).

SYSl<m suitaMily:
- repwtability: maximum relative standard deviation of

1.0 per cent after 6 injections of reference solution (a).
Calculate the percentagecontent of tetracycline and multiply
it by 1.356 to obtain the percentage content of lymecycline.

STORAGE
In an airtight container,protected. from light.
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L\IPURITIES
Specified impurities A, B, C, D, E, P; OJ H.

H. (4S,4aS,5aS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a­
pentahydroxy-6-methyl-l,11-dioxo-I,4,4a,5,53,6,11 J 12a­
octehydrctetracene-z-carboxamlde (tetracycline).

A. (4R,4aS,5aS,6S, 12aS}-4-(dimethylamino)-3,6, I0, 12,12a­
pentahydroxy-6-methyl-I,11-dioxo-l,4,4a,5,5a,6,11,12a­
octahydrotetracene-2-carboxamide (d-epitetracycline),

____________________ Ph,<I

(Ph. Eur. monograph 0558)

Lynestrenol

52-76-6284.4

CH
1/1

dBP
CH

, : OH

H H

~ ~

""
B. (4S,4aS,5aS,6S,12aS}-2-acetyl-4-(dimethylamino)­

3,6,.0,12, 12a-pentahydroxy-6-methyl-4a,5a,6,12a­
tetrahydrotetracene-I, II (4H,5H)-<lione (2-acetyl-2­
decarbamoylterracycline),

C. (4S,4aS,12aS}-4-(dimethylamino)-3,10,11,12a­
tetrabydroxy-d-methyl-J,12-dioxo-l,4,4a,5,12,12a­
hexahydrotetracene-2-carboxamide (anhydrotettacycline),

D. (4R,4aS,12aS}-4-(dimethylamino)-3,10, II,12a­
tetrahydroxy-6-methyl-l ,12-dioxo-l,4,43,5J 12J12a­
hexahydrotetracene-2-carboxamide
(4-epianhydrotetracycline),

E. unknown structure,

F. unknown structure,

G. (4S,4aS,5aS,6S, 12aS}-7-cWoro-4-(dimethylamino)­
3,6, I0,12,12a-pentahydroxy-6-methyl-I,II-dioxo-
1,4,4a,5,53,6,II J 12a-octahydrotetracene-2-earboxamide
(chlortetracycline),

Action and use
Progestogen.

Ph'" _

DEFINITION
19-Nor-17ct-ptegn-4..,n-20-yn-17-01.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, soluble in acetone and in
ethanol (96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Iynestrenol CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MelhodII).

Dissolve 0.2 g in ethanol (96 percenV R and dilute to 10 mL
with the same solvent.

Specific optical rotation (2.2.7)
-9.5 to -II (dried substance).

Dissolve 0.900 g in ethanol (96 per cenV R and dilute to
25.0 mL with the same solvent.

Related substances
Gas chromatography (2.2.28).

Testsolution Dissolve 0.250 g of the substance to be
examined in ethylacetate R and dilute to 25.0 mL with the
same solvent.

Reference solurUm (a) Dilute 1.0 mL of the test solution to
100.0 mL with ethyl acetale R. Dilute 1.0 mL of this solution
to 10.0 mL with ethylaatale R.
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II-156 Lysine Acetate 2022

ASSAY
Dissolve 0.150 g in 40 mL of tetrnhydrofuran R and add
5.0 mL of a 100 gil solution of silver nitrate R. Titrate with
0.1 M sodium hydroxitk. Determine the end-point
potentiometrically (2.2.20), using a glass indicator electrode
and as comparison electrode a silver-silver chloride double-

57281-49-2206.2

CH,

ctBP
CH, / OH

H 1 H ;

Ii H
#

A. 19-nor-5a,17a-pregn-3-en-20-yn-17-01,

C. 19-nor-l7a-pregna-4,20-dien-17-01.

B. 19-norpregn-4-en-20-yn-17-o1,

CH
/fJ

ciBP
CH

' ; OH

H H, ,
1 :

H H
~i

H

junction electrode with a saturated solution of potassium
nitrate R as junctionliquid. Carry out a blank titration.
I mL of 0.1 M sodium hydroxide is equivalent to 28.44 mg of
C,ofI,sO.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, G.

Otherdetectable impuniies (the following substances would, if
present at a sufficWm leueI, bedetected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acceptance
ctitenon for otherlunspedfied impuritks and/or by thegeneral
monograph SI/bscances for pharmaceutical use (2034). It is
therefore not neassary to identify these impun'ties for
demonstration of compliance. Seealso 5.10. Control of impuruies
in substances forpharmaceutical use) B.

Lysine Acetate
(Ph. Eur. monograph 2114)

Action and use
Amino acid.

PM" _

_____________________ PhE"

DEFINITION
(2S)-2,6-Diaminohexanoic acid acetate.

Content
98.5 per cent to 101.0 per cent (driedsubstance).

80 ..... 230

230 ....,. 310

310

150

300

Temperature
("C)

Time
(mlD)

0-30

30 - 32

32·42

Column

lnjection port

Detector

Detection Flame ionisation.
Injection 1.0 ~L.

Identification of impun"ties Use the chromatogram supplied
with Iynestrenol forpeak identification GRS and the
chromatogram obtained withreference solution (b) to
identify the peaks due to impurities A, Band C.

Relative retention With reference to lynestrenoJ (retention
time = about 38 min): artefact degradation
peak =about 0.97; impurity A =about 0.99;
impurity B =about 1.005; impurity C =about 1.01.

System suitability Reference solution (b):
- peah-to-oalley ratio: minimum2.5, whereHI' = height

above the baseline of the peak due to impurity B and
H IJ == height above the baseline of the lowest point of the
curve separating this peakfrom the peak due to
Iynestrenol.

limits:
- impun'ty A: not more than 3 times the area of the

principal peakin the chromatogram obtained. with
reference solution (a) (0.3 per cent);

- impun'ty C: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- unspecified impur£ties: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- tOlal: not more than 10 times the areaof the principal
peak in the chromatogram obtained withreference
solution (a) (1.0 per cent);

- disregard li'mir. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent). Disregard the artefact peak, which may
be generated in the injection system.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 0.500 g by drying in
an oven at 105 °C.

Reference solution (b) Dissolve 10 mg of lynestrenolfor peak
identification CRS (containing impurities A, B and C) in
1.0 mL of ethyl acetate R.

Column:
- nuuerial: fused silica;
- size: 1= 50 m, 0 = 0.32 mm;
- stationary phase: pheny/(5)methy/(95)polysiloxane R (film

thickness 1.0 urn).

Gamer gas helium for chromawgraphy R.
Flow rate 3.0 mUmin.

Split ratio 1:34.

Temperate.. :
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CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water, very slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B, E.
Second identification: A, C, D, E.
A. Specific optical rotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison lysineacetate CRS.

If me spectra obtainedin the solidstate show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of waterR,
evaporate to dryness at 60°C and record new spectra using
the residues.
C. Examine the chromatograms obtained in the test for
ninhydrin-positive substances.
Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position)colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).
D. To 0.1 mL of solution S (see Tests) add 2 mL of water R
and I mL of a 50 gIL solution of phorphomolybdic acid R.
A yellowish-white precipitate is fanned.
E. It gives reaction (a) of acetates (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in distilled waterR and dilute to 50 mL with
the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Specific optical rotation (2.2.7)
+ 8.5 to + 10.0 (dried substance), determined on solution S.

Ninhydrin-posItive substances
'Thin-layer chromatography (2.2.27).

Test solution (a) Dissolve 0.10 g of the substance to be
examined in water R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute 1.0 mL of test solution (a) to 50 mL
withwaterR.
Reference solution (a) Dissolve 10 mg of lysine acetate CRS in
water R and diluteto 50 mL with the sante solvent.
Reference solution (b) Dilute 5 mL of test solution (b) to
20 mL with woterR.
Reference solution (c) Dissolve 10 mg of lysilU! acetate CRS
and 10 mg of arginine CRS in water R and dilute to 25 mL
with the samesolvent.
Plate TLC silica gelplate R.
Mobile phase concentrated ammonia R, 2-propanol R
(30:70 VIV).

Application 5 ~L.

Development Over 2/3 of the plate.

Drying At 100-105 °C until the ammonia has evaporated.
Detection Spraywith ninhydrin solution R and heat at
100-105 'C for 15 min.

System suitability Reference solution (c):
- the chromatogram shows 2 clearly separated spots.

Lysine Acetate 11-157

Limits Test solution (a):
- any impun"IY: any spot, apart from the principal spot, is

not more intense than theprincipal spot in the
chromatogram obtained with reference solution (b)
(0.5 per cent).

Chlorides (2.4.4)
Maximum200 ppm.

Dilute 2.5 mL of solution S to 15 mL with water R.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 5 mL of solution S to 15 mL with distiUed waterR.

Ammonium (2.4.1, MethodB)
Maximum 200 ppm, determined on 50 mg.
Prepare thestandard using 0.1 mL of ammonium standard
solution (100ppm NH,J R.

Iron (2.4.9)
Maximum 30 ppm.

In a separating funnel, dissolve 0.33 g in 10 mL of dilute
hydrochloric acid R. Shakewith3 quantities, each of 10 mL,
of methyl isobutyl ketone R1, shaking for 3 min each time.
To the combined organic layers add 10 mL of water Rand
shake for 3 min. The aqueous layer complies with the test.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 60 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 80.0 mg in 3 mL of anhydrous formic acid R.
Add 50 mL of anhydrous acetic acid R. Titrate with 0.1 M
perch/om acid, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

1 mL of 0.1 M perchloric acid is equivalent to /0.31 mg
of C.HIl,N,O•.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F.

A. (2S)-2-aminobutanedioic acid (aspartic acid),

B. (2S)-2-aminopentanedioic acid (glutamic acid),

C. (S)-2-aminopropanoic acid (alanine),

H Nt<,
HC, X

3 Y ~C~H

CH,

D. (S)-2-amino-3-methylbutanoic acid (valine),
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PhE" _

Detection Spray with ninhydrin solution R and heat at 105 °C
for 15 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colourand size to

the principal spot in the chromatogram obtained with the
reference solution.
D. To O. I mL of solution S (see Tests) add 2 mL of waterR
and I mL of a 50 gIL solution ofphosphomolybdi< acidR.
A yellowish-white precipitate is formed,

E. To 0.1 mL of solution S add 2 mL of wawrR.
The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR prepared from
disrined waterR and dilute to 50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solutionH7 or GY7 (2.2.2, jWelhod II).

Specific optical rotation (2.2.7)
+ 21.0 to + 22.5 (dried substance).

Dissolve 2.00 g in hydrochloric acidRl and dilute to 25.0 mL
with the same acid.

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method 1.

The concentrations of the test solution and the reference
solutions may be adapted according to the sensitivity of the
equipment used. The concentrations of aU solutionsare
adjusted so that the systemsuitability requirements described
in general chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between aU solutions as described.
Solution A waterR or a samplepreparation buffer suitable
for the apparatus used.
Test solulWn Dissolve 30.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solution A.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 2.0 mL of this solution to
10.0 mL with solution A.
Reference solution (b) Dissolve 30.0 mg of proline R in
solution A and dilute to 100.0 mL with solution A. Dilute
1.0 mL of the solution[0 250.0 mL with solution A.
Reference solution (e) Dilute 6.0 mL of ammonium standard
solution (100 ppm NH,J R to 50.0 mL with solution A. Dilute
1.0 mL of chis solution to 100.0 mL with solution A.
Reference solution (d) Dissolve 30 mg of isoleucine Rand
30 mg of leucine R (impurity A) in solution A and dilute to
50.0 mL with solution A. Dilute 1.0 mL of the solution to
200.0 mL with solution A.

Blank solulion SolutionA.
Injectsuitable, equal amounts of the test solution,blank
solution and reference solutions (a), (b) and (d) into the
amino acid analyser. Run a program suitable for the
determination of physiological aminoacids.
Systemsuitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

isoleucine and impurity A.
Calculation of percenUlge tontenlS:

- for any ninhydrin-positive substance detected at 570 om)
use the concentration of lysinehydrochloride in reference
solution (a);

- for any ninhydrin-positive substance detected at 440 om,
use the concentration of proline in reference solution (b);

657-27-2

HCI

182.7

Action and use
Amino acid.

(Ph. Eur. monograph 0930)

Lysine Hydrochloride

DEFINITION
(2S)-2,6-diaminohexanoic acid hydrochloride.

Product of fermentation 01' of protein hydrolysis.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder or colourless
crystals.

Solubility
Freelysoluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B, E.
Second identification: A, C, D, E.
A. Specificoptical rotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison lysine hydrochloride CRS.
If the spectra obtained showdifferences, dissolve the
substance to be examined and the reference substance
separately in the minimum volume of water R, evaporate to
dryness at 60°C and record Dew spectra using the residues.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in water R and dilute to 50 mL with the same
solvent.
Reference solution Dissolve 10 mg of lysine hydro<hlm"de CRS
in waterR and dilute to 50 mLwith the same solvent.
Plate TLC silica gelplate R.

lrlobile phase concentrated ammonia R, 2-propanol R
(30:70 VIII).

Application 5~.

Development Over 2/3 of the plate.

Drying At 105 °C until the ammonia disappears completely.

F. (S)-2-amino-5-guanidinopentanoic acid (arginine).

H NH2

H,Ny~~co,H
NH

E. (2S)-2,5-diaminopentanoic acid (ornithine),

_____________________ PhE<I
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PhE" _

______~ PhE"

**** ** ** ****
Macrogols
(Ph. Eu/'. monograph 1444)

Action and use
Non-ionic surfactant.

DEFINITION
Mixtures of polymers with the general fonnula H-[OCH2­

CH2]n-OH where n represents the average number of
oxyethylene groups. The type of macrogol is definedby a
numberthatindicates the average relative molecular mass.
A suitable stabiliser may be added.

CHARACTERS

B. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),

C. (2S,3R)-2-amino-3-hydroxybutaooic acid (threonine).

H NH,
HC. X

3 X ~C~H

H OH

Type of Appearance Solubllity
macrogol

300 clear,viscous, colourless misciblewithwater, verysoluble in
400 or almostcolourless, acetone, in alcohol and in
600 hygroscopic liquid methylene chloride, practically

insoluble in farty oils and in mineral
oils

1000 while or almostwhite, very soluble in water. freely soluble
hygroscopic solid with a in alcohol andin methylene
WIIXY or paraffin-like chloride, practically insoluble in

. appearance fatty oils and in mineral oib

1500 whileor almostwhile verysoluble inwaterand in
solid witha waxyor methylene chloride, freely solublein
paraffin-like appearance alcohol, practically insoluble in fatty

oilsand in mineral oils

3000 while or almostwhite very soluble inwaterand in
3350 solidwitha waxyor methylene chloride, veryslightly

paraffin-like appearance solublein alcohol,practically
insoluble in fatty oils and in mineral
oils

4000 while or almostwhile verysoluble in water and in
.000 solid with a waxyor methylene chloride, practically
SOOO paraffin-like appearance insoluble in alcohol, in faltyoils and

in mineral oils

20000 white oralmostwhite verysoluble in water, solublein
35 000 solid witha waxyor methylene chloride, practically

puaffin-Iike appearance insoluble in alcohol. in fattyoils and
in mineral oils

IDENTIFICATION
A. Viscosity (see Tests).

B. To 1 g in a test-tube add 0.5 mL of sulfuric acidR, close
the test-tube with a stopper fitted with a bent delivery tube
and heat until white fumes are evolved. Collect the fumes via
.the delivery rube into 1 mL of mercuric chloride solution R"
An abundant, white, crystalline precipitate is formed"

if a peak is above the reporting threshold at both
wavelengths, use the resultobtained at 570 run for
quantification.

Limits:
- any ninhydrin-positive substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

The thresholds indicated underRelated substances
(Table 2034.-1) in the general monograph Substanusfor
pharmaceutical use (2034) do not apply.

Sulfates (2.4./3)
Maximum 300 ppm.

Dilute 5 mL of solution S to 15 mL with disu"lled water R.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.
Injection Test solution, reference solution (c) and blank
solution.
Limit:
- ammonium at 570 nrn: not more than the area of the

corresponding peakin the chromatogram obtainedwith
reference solution (c) (0.02 per cent), taking into account
the peak due to ammoniumin the chromatogram
obtainedwith the blank solution.

Iron (2.4.9)
Maximum 30 ppm.

In a separating funnel, dissolve 0.33 g in 10 mL of dilute
hydroehlo/'ic acid R. Shake with 3 quantities, each of 10 mL,
of mezhyl isobutyl ketone R/, shaking for 3 min each time.
To the combined organic layers add 10 mL of water Rand
shake for 3 min. Use the aqueous layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 5 mL of anhydrousfannie acidR.
Add 50 mL of anhydrous acetic acidR. Titrate with O. / M
perchknic acid, determining the end-point potentiometrically
(2.2.20).

1 mL of 0./ M perchlonc acid is equivalent to 18.27 mg of
C.H15CIN202•

STORAGE
Protected from light.

LW'URITffiS
Otherdetectable impuniies (the following subS/anus would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by thegeneral acaptance
criterion for other/unspecified impun"Uts. It is therefore not
necessary to idenlify these impun"ties for demonstration of
comp/ianu. See also5.10" Control of impuruies in substances for
pharmaceutical use) A, H, C.

A. (2S)-2-amino-4-methylpentanoic acid (leucine),
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*Density of the substance for macrogcls 300 and 400. Density of the
50 per cent mlm solution for me other macrogols.

56.1 X(II' -III)

m

For macrogols with a relative molecular mass greater
than 1000, if the water content is more than 0.5 per cent,
dsy a sample of suitable mass at 100-105 °C for 2 hand
carry out the determination of the hydroxyl value on the
dried sample.

C. To 0.1 g add 0.1 g of potassium thiocyanate Rand 0.1 g of
cobalt nitrate R and mix thoroughly with a glass rod.
Add 5 mL of methylene chloride R and shake. The liquid
phase becomes blue.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, Method II).
Dissolve 12.5 g in Waler R and dilute to 50 mL with the
same solvent.

Acidity or alkalinity
Dissolve 5.0 g in 50 mL of carbon dioxide-free waterR and
add 0.15 mL of bromolhymol bluesolution Rt. The solution is
yellow or green. Not more than 0.1 mL of 0.1 M sodium
hydroxide is required to change the colourof the indicator to
blue.

Viscosity (2.2.9)
The viscosity is calculated usinga density given in
Table 1444.-1.

For macrogols with a relative molecular mass greater
than 400, determine the viscosity on a 50 per cent mlm
solution of the substance to be examined.

Freezing point (2.2. 1If)
See Table 1444.-2.

Hydroxyl value
Introduce m g (see Table 1444.-3) into a dry conical flask
fined with a reflux condenser. Add 25.0 mL of phlhalic
anhydride solution R, swirl to dissolve and boil under a reflux
condenser on a hot plate for 60 min. Allow (Q cool. Rinse the
condenser first with 25 ml; of pyridine R and thenwith
25 mL of waterR, add 1.5 mL ofphenolphlhakin solunim R
and titrate with 1 M sodium hydroxide until a faint pink colour
is ohtained (II, mL). Carry out a blank rest (u, mL).
Calculate the hydroxyl valueusing the following expression:

15 - 25

35·40

42·48

50 - 56

53 - 57

53 - 59

55 - 61

55 - 62

minimum 57

minimum 57

m (g)

1.5

I.,

3.5

5.0

7.0

12.0

12.0

14.0

18.0

24.0

Freezing point
CCl

340 - 394

264 - 300

178 - 197

107 - 118

70 -80

34 - 42

30 - 38

25 - 32

16 - 22

12 - 16

Hydroxyl value

600

1000
1500

3000
3350

4000
6000

8000

'0000
35000

Type of macrogo1

300
400
600

1000

1500
3000
3350

4000
6000
8000

'0000
35 000

Type crmeercgct

Table 1444.-2

Tahle 1444.-3

Reducing substances
Dissolve I gin 1 mL of a 10 gIL solutionof resorcinol Rand
warm gently ifnecessary. Add 2 mL of hydroch/Qri< acidR.
After 5 min the solutionis not moreintensely coloured than
reference solution R3 (2.2.2, Method 1).

Formaldehyde
Maximum 30 ppm.

TestSOIUlioll To 1.00 g add 0.25 mL of chromouopic add,
sodium saltsolution R, cool in iced water and add 5.0 mL of
sulfuric add R. Allow to stand for 15 min and dilute slowly to
10 mL with water R.
Refereuce solution Dilute 0.860 g offormaldehyde solution R to
100 mL with water R. Dilute 1.0 mL of this solution to
100 mLwith water R. In a 10 mL flask, mix 1.00 mL of this
solutionand 0.25 mL of chromotropic acid, sodium salt
solution R, cool in iced water and add 5.0 mL of sulfuric
acid R. Allow to stand for 15 min and dilute slowly to 10 mL
with waterR.
Blall~ solution In a 10 mL flask mix 1.00 mL of waterR
and 0.25 mL of chromotropic acid, sodium saltsolution R, cool
in iced water and add 5.0 mL of sulfuric acid R. Dilute slowly
to 10 mL with water R.
Determine the absorbance (2.2.25) of the test solution at
567 run, against the blank solution. It is not higher than that
of the reference solution.
If me use of macrogols with a higher contentof
formaldehyde mayhave adverse effects, the competent
authority may imposea limitof not more than 15 ppm.

Ethylene glycol and diethylene glycol
cany out this test only ifthemcurogol has a relative molecular
massbelow 1000.
Gas chromatography (2.2.21f).

1.120

1.120

l.080

1.080

1.080

l.080

1.080

1.080

1.080

l.080

l.080

1.080

Densityi'
(g/mL)

Dynamic
viscosity
(mPa·s)

80 - 105

105 - 130

15 - 20

22·30

34 - 50

75 . 100

83 - 120

110 - 170

200 - 270

260 - 510

2700 - 3500

II 000 - 14 000

Kinemadc
viscosity
(mm2.s-l )

71·94
94 - 116

13.9 - 18.5

2004- 27.7

31·46

69·93
76 - 110

102 - 158

185·250

240 - 472

2500 - 3200

10 000 ~ 13 000

300
400

600
1000
1500

3000
3350

4000
6000

8000

'0000
35000

Type of
maeeegol

Table 1444.-1
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Test solution Dissolve 5.00 g of the substance to be
examined in acetone R and dilute to 100.0 mL with the same
solvent.

Reference solution Dissolve 0.10 g of ,my/en, glycol Rand
0.50 g of di,my/en, glycol R in aceton, R and dilute to
100.0 rnL with the same solvent. Dilute 1.0 mL of the
solution to 10.0 mL with aalOne R.

Column:
- matetiai: glass;
- size: 1= 1.8 rn, 0:::: 2 rom;
- stationary phase: silanised diatomaceous earth far gas

chromatography R, impregnated with 5 per cent mlm of
macrogol 20 000 R.

Carrier gas nitrogen/or chromatography R.
Flow rale 30 mUmin.

Temperature:
- column: if necessary, precondition the column by heating

at 200°C for about 15 hi adjust the initial temperature of
the column to obtain a retention time of 14-16 min for
diethylene glycol; raise the temperature of the column by
about 30 DC at a rate of 2 "Omin but without exceeding
170 DC;

- injection port and detector: 250 DC.

Detection Flame ionisation.

Injection '2 ~L.

Carry out 5 replicate injections to check the repeatability of
the response"

Limit Maximum 0.4 per cent, calculated as the sum of the
contents of ethylene glycol and diethylene glycol.

Ethylene oxide and dlcxan (2.4.25)
Maximum I ppm of ethylene oxide and 10 ppm of dioxan.

Water (2.5.12)
Maximum 2.0 per cent for macrogols with a relative
molecular mass not greater than 1000 and maximum
1.0 per cent for macrogols with a relative molecular mass
greater than 1000, determined on 2.00 g.

Sulfuted ash (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

STORAGE
In an airtight container.

LABELLING
The label states:
- the type of macrogoJ;
- the content of formaldehyde.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as being relevant control parameters for oneormore
junctions of the substance when usedas an excipient (see chapter
5.15). Some cf the characteristics described in m, Funrtiono/ity­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory quality
aiteria. In such cases, a cross-reference to the tests descn"beJ in the
mandatorypart isincluded in the Funaionolity-telated
characteristics section. Control of the characteristics can ccntribUle
to the qualityof a medicinal produce by improving the consistency
of the manufacturing process and theperformance of the medicinal
produce dun"ng use. Where control methods arecited, theyare
recognised as being suitable for the purpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.
Thefollowing characteristic may be relevant for macrogols usedas
solvent.

Macrogols II-161

Viscosity
(see Tests).

Thefollcwlng characteristics may be relevant for ma,rogols used as
suspension stabiliser and thickener.

Viscosity
(see Tests).

Thefollowing characteristic may berelevant for macrosols usedas
lubricant in tablets.

Particle-size dlslrlbution (2.9.31)
Thefollowing characteristics may be relevant for macrogols usedas
suppository base and for maaogols usedin hydrophilic ointments,

Viscosity
(see Tests).

Melting point (2.2.15)
____________________ PhE<r

High-molecular-mass Macrogols
(ph. Bur. monograph 2444)
PhE<I _

DEFINITION
Mixtures of high-molecular-mass macrogols (also known as
polyethylene oxides). The type of high-molecular-mass
macrogol is defined by a number that indicates the nominal
average molecular mass in the range of 100 000 to
7000000. A suitable stabiliser (e.g. butylhydroxytoluene)
and a suitable ftowability agent (e.g. silicon dioxide) may be
added.

CHARACTERS
Appearance
White or almost white, free-flowing powder.

Solubility
Freely soluble in water"

mp
Minimum 65 -c,
IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison high-molecular-massmacrogol CRS.

B. Viscosity (see Tests).

TESTS
Solution S
Prepare a solution of the substance to be examined in a
mixture of codon dioxide-free water Rand 2-propanol R
according to Table 2444.-1.

pH (2.2.3)
6.0 to 10.0 for solution S.

Viscosity (2.2.11J)
Determine the dynamic viscosity of solution S at 25°C using
a rotating viscometer and a suitable spindle.

Ethylene oxide (2.4.25, MelhodA)
Maximum I ppm.

Carry out the (est with the following modifications"

Swck solution Dilute 0.5 mL of ethylene oxide srock
solution R2 to 10.0 mL with propanol R. Dilute 1.0 mL of this
solution to 50.0 mL with propanol R.

www.webofpharma.com



11-162 Macrogol Cetostearyl Ether 2022

PhE'" _

Macrogol Cetostearyl Ether
(ph. Eur. monograph 1123)

Action and use
Non-ionic surfactant.

Add 60 mL of hexane R and shake for 3 min. The formation
of foam can be reduced by the addition of some drops of
echanol (96 perunl) R. Filter the upper layer thsough
anhydrous sodium sulfate R, wash the filter with 3 quantities)
each of 10 mL, of hexane R and evaporate the combined
filtrates to dryness. Dissolve 0.05 g of the residue in 10 mL
of methanol R (the solution may be opalescent).

Rsference ,olution Dissolve 25 mg of ,cearyl alcohol CRS in
methanol R and dilute to 25 mL with the same solvent.

Place TLC silim gelplace R.
Mamie phase echyl aulal<R.
Applimticn 20 1'1..
Development Over a path of 15 em.

Drying In air.
Detection Spray with vanillin-sulfuric acid reagent prepared
as follows: dissolve 0.5 g of vanillin R in 50 mL of ethanol
(96 per un!> R and dilute to 100 mL with sulfuric acidR;
allow to dry in air; heat at about 130°C for 15 min and
allow to cool in air.

5.0

10.0

15.0

Amount 10 be dissolved (g)

2-6

10 - 22

25 - 33

Number of moles of ethylene oxide
reacted per mole

DEFINITION
Mixture of ethers of mixed macrogols with linear fatty
alcohols, mainly cetostearyl alcohol. It may contain some free
macrogols and it contains various amounts of free cetostearyl
alcohol. The number of moles of ethylene oxide reacted per
mole of cerosrearyl alcohol is 2 to 33 (nominal value).

CHARACTERS
Appearance
White or yellowish-white, waxy, unctuous mass, pellets,
microbeads or flakes.

Solubility
- macrogol cerosrearyl ether with low numbers of moles of

. ethylene oxide reacted per mole: practically insoluble in
water, soluble in ethanol (96 per cent) and in methylene
chloride,

- macrogol cetostearyl ether with higher numbers of moles
of ethylene oxide reacted per mole: dispersible or soluble
in water, soluble in ethanol (96 per cent) and in
methylene chloride.

It solidifies at 32 'C to 52 'C.

IDENTIFICATION
A Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Saponification value (see Tests).

D. Thin-layer chromatography (2.2.27).

TestsolutWn Dissolve the prescribed amount of substance to
be examined (see table below) in a mixrure of 1 volume of
waterRand 9 volwnes of methanol R and dilute to 75 mL
with the same mixture of solvents.

Nominal Composition of DynamIc Rotation
average solution S (g of viscosity speed

molecular substance I mL of (mFa·s) (r/mln)
rnB" carbon dioxick-.free

water R + mL of
2-propanol R)

100 000 30g/570+ 125 12 - 50 50

200 000 JOgf570+ 125 65· 115 50

300 000 30g1570+ 125 600 - 1200 10

400 000 3011/570+ 125 2250·4500 2

600 000 30g/570+ 125 4500 - 8800 2

900 000 30 g/570 + 125 8800 - 17 600 2

1000000 12 g/588 + 125 400 - 800 10

2000 000 12g/588+ 125 2000·4.000 10

4000000 6 g/594 + 125 1650·5500 2

5000 000 6g/594+ 125 5500·7500 2

1000 000 6g/594+ 125 7500 - 10 000 2

Tes, ,oIaticn Weigh 0.50 g (MT) of the substance to be
examined into a 10 mL vial (other sizes may be used
depending on the operating conditions). Close and allow to
stand at 70 °C for 30 min.

Reference sdution (a) Weigh 0.50 g (MRl of the substance to
be examined into an identical 10 mL vial and add 10 JlL of
the stock solution. Close and homogenise, and allow to stand
at 70°C for 30 min.

Reference solution (b) To 0.50 mL of ethylene oxide
solucicn R3 in a 10 mL vial add 0.1 mL of a freshly prepared
10 mWL solution of acetaldehyde R. Close and homogenise,
and allow to stand at 70°C for 30 min.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 45 min.

Sulfated ash
Maximwn 5.0 per cent, determined on 1.00 g.

Heat a silica crucible to redness for 30 min, allow to cool In
a desiccator and weigh. Evenly distribute 1.00 g of the
substance to be examined in the crucible and weigh. Dry at
100-105 'C for I h and ignite in a muffle furnace at
600 ± 25 'C, until the substance is thoroughly charred.
Carry out the test for sulfated ash (2.4.14) on the residue
obtained, starting from "Moisten the substance to be
examined ... 1I.

Table 2444.-1. - Solution Sand measily

STORAGE
In an airtight container.

LABELLING
The label states the type of high-molecular-mass macrogol.
_____________________ I'I>E'"
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2022 Macrogol 30 Dipolyhydroxystearate 11-163

_~ PhE<r

Number ofmoles of ethylene oxide Hydroxyl value
reacted per mole (nominal value)

LABELLING
The label states the numberof moles of ethyleneoxide
reactedper mole of cetostearyl alcohol (nominal value).

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of ethanol
(96 percent) Rand 10 mL of waterR. Add 0.1 mL of
bromothymol bluesolurion Rt, Not more than 0.5 mL of 0.1 M
hydrochloric add is required to change the colour of the
indicator to yellow.

AcId value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)

**** ** ** ****
Macrogol30
Dipolyhydroxystearate
(Ph. Eur. monograph 2584)

DEFINITION
Mixture of mainly diesters of polyrnerised 12-hydroxystearic
«12E)-hydroxyoctadecanoic) acid and Macrogols (1444)
obtained by esterification of macrogol with 12-hydroxystearic
acid. The average numberof moles of ethylene oxide reacted
per mole of substance is 30.

CHARACTERS
Appearance
Brownish-red, waxymass.

Solubility
Practically insoluble in water, verysoluble in methylene
chloride and solublein most aliphatic and aromatic
hydrocarbons.

mp
30°C ro 40°C.

PhE<r _

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison macrogol 30 dipolyhydroxystearate CRS.
B. Hydroxyl value (see Tests).
C. Saponification value (see Tests).

TESTS
Acid value (2.5.1)
Maximum 10.0.

Hydroxyl value (2.5.3, MethodA)
12 to 30.

Iodine value (2.5.4, MethodA)
Maximum 10.0.

Peroxide value (2.5.5)
Maximum 5.0.

Saponification value (2.5.6)
125 to 145, determined on 2.0 g.

Use 30.0 mL of 0.5 M akoholic potassium hydroxide, heat
under reflux for 60 min and add 50 mL of anhydrous
ethanol R before carrying out the titration.

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.50 g.

Sulfated ash (2.4.14)
Maximum 0.5 per cent
Heat a silica crucible [0 redness for 30 min, allow to cool in
a desiccator and weigh. Evenly distribute 1.0 g in the
crucible and weigh. Dry at 100-105 ·C for I h and ignite in
a muffle furnace at 600 ± 25°C, until the substance is
thoroughly charred. Carry out the test for sulfated ash
(2.4.14) on the residue obtained, starting from "Moisten the
substance £0 be examined...".

STORAGE
In an airtight container.

150· 180

135 - 155

100 - nl

75 - 90

67·77

58 - 67

40·55
36 - 46

32 - 40

2

3

5-.
10

12

15

20 - 22

2'
30·33

Results The chromatogram obtained with the test solution
shows several spots; one of these spots corresponds £0 the
principal spot in the chromatogram obtained with the
reference solution.

E. Dissolve or disperse 0.1 gin 5 mL of ethanol
(96 per cent) R, add 2 mL of waterR, 10 mL of dilute
hydrochloric acid R, 10 mL of barium chloride solution Rl and
10 mL of a 100 gIL solution of phosphomolybdic acid R.
A precipitate is formed.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BY, (2.2.2, Method II).

Dissolve 5.0 g in ethanol (96 per cent) R and dilute to 50 mL
with the same solvent.

Iodine value (2.5.4, MethodA)
Maximum 2.0.

Saponification value (2.5.6)
Maximum 3.0, determined on 10.0 g.

Ethylene oxide and dloxan (2.4.25)
Maximum 1 ppm of ethyleneoxide and maximum 10 ppm
of dioxan.

Water (2.5.1 Z)
Maximum 3.0 per cent, determined on 2.00 g.

Total ash (2.4.16)
Maximum 0.2 per cent, determined on 2.0 g.

STORAGE
In an airtight container.

__________________~ PhEIX
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11-164 Macrogol 6 Glycerol Caprylocaprate

Macrogol 6 Glycerol
Caprylocaprate
(Ph. Eur. monograph 1443)

Action and use
Non-ionic surfactant.

2022

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.3 per cent.
___________________ PhE"

PhE" _

DEFINITION
Mixtures of mono-, di- and trieaters of ethcxylated glycerol
with fatty acidsof vegetable origin having a composition
corresponding to the fatty acid composition of the oil
extracted fromthe hard) dried fraction of the endosperm of
Coco« nucifera L. The average number of moles of ethylene
oxide reacted permole of substance (nominal value) is either
7 (macrogo1 7 glycerol cocoate) or 23 (macrogol 23 glycerol
cocoate).

CHARACTERS
Appearance
Clear, yellowish, oily liquid.

Solubility
Soluble in water and in ethanol (96 per cent) and practically
insoluble in light petroleum (bp: 50-70°C) for
macrogol 7 glycerol cocoate and macrogol 23 glycerol
cocoate,

Relative density
About 1.05 formacrogol 7 glycerol cocoate; about 1.09 for
macrogol 23 glycerol cocoate.

IDENI1FICATION
A. Dissolve 1.0 g of macrogol 7 glycerol cocoate in 99 g of a
mixture of 10 volumes of 2-proponol Rand 90 volumes of
water R. Heat the solution to about 65°C. A turbidity is
produced. Allow to cool until the turbidity disappears.
The cloud point is between35 °C and 54°C.
Heat a 10 gIL solutionof macrogol 23 glycerol cocoate in a
100 gIL solution of sodium chloride R to about 90°C.
A turbidity is produced. Allow to cool until the turbidity
disappears. The cloud point is between 65 °C and 85°C.
B. Iodine value (see Tests).

C. Saponification value (see Tests).

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured thanreference solution Y2 (2.2.2)
Method1).

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of ethanol
(96 per cent) Rand 10 mL of water R. Add 0.1 mL of
bromothymol bluesolulion Rt. Not more than 0.5 mL of0.1 M
hydrochlorU acid is required to change the colourof the
indicator to yellow.

Acid value (2.5.1)
Maximum 5.0) determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
See Table 1122.-1.

1'hE,; ~ _

DEFINITION
Mixture of mainly mono- and diesters of polyoxyethylene
glycerol ethers mainly with caprylic (octanoic) and capric
(decanoic) acids. The average number of moles of ethylene
oxide reacted per mole of substance is 6.
Macrogol 6 glycerol caprylocaprate may be obtained by
erhoxylation of glycerol and esterification with distilled
coconut orpalm kernel fatty acids, or by ethoxylation of
mono- and diglycerides of caprylic and capric acids.

CHARACTERS
Appearance
Pale yellow liquid.

Solubility
Partly soluble in water, freely soluble in castor oil, in glycerol,
in isopropanol and in propylene glycol.

Viscosity
About 145 ml'a-s.

IDENI1FICATION
A. Dissolve 1.0 gin 99 g of a mixture of 10 volumes of
2-propanol R and 90 volumes of warer R. Heat the solution
obtained to about 40°C. A turbidity is produced. Allow to
cool untilthe turbidity disappears. The cloud point is
between 15 °C and 35°C.
B. Saponification value (see Tests).

C. Composition of fully acids (see Tests).

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured thanreference solutionY2 (2.2.2,
Method1).

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of .thanol
(96 percent) Rand 10 mL of water R. Add 0.1 mL of
bromothymol bluesdudon Rt, Not more than 0.5 mL of O. I M
hydrochloric addis required to change the colourof the
indicator to yellow.

Acid value (2.5.1)
Maximum 5.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
165 to 225.

Saponification value (2.5.6)
85 to 105, determined on 2.0 g.

Composition of fatty acids
Gas chromatography (2.4.22, Method A).

Composilion of thefauy-acidfraction of the substance:
- caproit. acid: maximum 2.0 per cent;
- caprylK acid: 50.0 per cent to 80.0 per cent;
- capric acid: 20.0 per cent to 50.0 per cent;
- lauric add: maximum 3.0 per cent;
- myristic acid: maximum 1.0 per cent.

Ethylene oxide and dioxan (2.4.25)
Maximum I ppm of ethylene oxide and masimum 10 ppm
of dioxan.

Macrogol Glycerol Cocoates
(Macrogoglyarol Cocoates, Ph. Eur. monograph 1122)

Action and use
Pharmaceutical aids.

**** ** ** ****
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2022 Macrogol 20 Glycerol Monostearate II-165

_____________________ PhE"

PhE" _

Saponification value (2.5.6)
See Table U22.-1.

Macrogol 20 Glycerol
Monostearate
(ph. Bur. monograph 2044)

Action and use
Non-ionic surfactant.

Suan·cadd: 40.0 per cent to
60.0 per cent,
SlOn of tire cqntmts of pabm·,it;;
and IUQn&acids: minimum
90.0 per cent.

Suan·c add: 60.0 per cent to
80.0 per cent,
Swn 0/thectmtmuofpalnn·ti&
and Juaric acids: minimum
90.0 per cent.

SuarieGCid: 90.0 per cent [0

99.0 per cent,
SW1I of thecomma of palmiric
tJndJl«Jric acids:. minimum
96.0 per cent.

ComposItion of fatty acids

TypdI Typo II
(obtained using
stearic acid 70)

Type I Type I
(obtained using
s(~aric acid 50)

T~IU T~Jrr

(obtained using
s[~aric acid 95)

Type of Type ofglycerol
rnacrogol 20 glycerol stearate used

monostearate

TESTS
Acid value (2.5.1)
Maximum 2.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
65 to 85, detennined on 0.350 g.

Iodine value (2.5.4, MethodA)
Maximum 2.0.

Peroxide value (2.5.5, MethodA)
Maximum 6.0.

Saponification value (2.5.6)
40 to 60.

Composition of fatty acids
Gas chromatography (2.4.22, Method C).

Con/position of thefatly-acid fraction of the substanee:

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Saponification value (see Tests).

C. Composition of fatty acids (see Tests).

D. Place I g in a test rube aod add 0.1 mL of sulfuric acidR.
Heat the tube until white fumes appear. The fumes turn
filter paper impregnated with alkaline potassium
taraiodomercurate solution R black.

Ethylene oxide and dloxan (2.4.25, MethodA)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 3.0 per cent) determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.2 per cent.

STORAGE
Protected from light.

LABELLING
The label states the type of macrogol 20 glycerol
mcnostearate.
__~ PfJE"

85 - 105

40 - 50

Saponification value
(determlned on 2.0 g)

170 - 210

80 - 100

Hydroxyl valueNum.ber of moles of
ethylene oxide reacted

per mole (nomInal
value)

7

23

Table U22.-1

Iodine value (2.5.4, MethodA)
Maximwn 5.0.

Composition of fatty acids
Gas chromatography (2.4.22, MethodA).
Composition of thefatly-acidfraction of the subsranee:
- caproic acid: maximum 1.0 per cent;
- caprylic acid: 5.0 per cent to 10.0 per cent;
- capric acid: 4.0 per cent to 10.0 per cent;
- lauric acid: 40.0 per cenr to 55.0 per cent;
- myristic acid: 14.0 per cent to 23.0 per cent;
- palmitic acid: 8.0 per cent to 12.0 per cent;
- stearic acid: 1.0 per cent to 5.0 per cent;
- oleic acid: 5.0 per cent to 10.0 per cent;
- Iin~' acid: maximum 3.0 per cent.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.0 g.

Total ash (2.4.16)
Maximum 0.3 per cent.

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of substance (nominal value).

DEFINITION
Macrogol 20 glycerol monostearate is obtained by
ethoxylation with ethylene oxide of different types of glycerol
stearates, mainly Glycerol monosteanue 4tJ..55 (0495).
The number of moles of ethylene oxide reacted per mole of
glycerol stearate is 20 (nominal value).

CHARACTERS
Appearance
Pale yellow, oily liquid or gel.

Solubility
Soluble in water at 40 °C and above and in ethanol
(96 per cent), practically insoluble in light liquid paraffin and
in fatty oils.

Relative density
About 1.07.
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11-166 Macrogol 15 Hydroxystearate

Macrogol 15 Hydroxystearate
(Ph. Eur. monograph 2052)

Action and use
Non-ionic surfactant.

PhE" _

DEFINITION
Mixture of mainly monoesters and diesters of
12-hydroxystearic «123)-hydroxyoetadecanoic) acid and
macrogols obtained by ethoxylation of 12-hydroxystearic
acid. The numberof moles of ethylene oxidereactedper
mole of 12-hydroxystearic acid is 15 (nominal value).
It contains free macrogols.

CHARACTERS
Appearance
Yellowish, waxy mass.

Solubility
Very soluble in water, soluble in ethanol (96 per cent),
insoluble in liquid paraffin.

It solidifies at about25 "C.

IDENTJFICATION
A. Thin-layer chromatography (2.2.27).

Test solution To 1.0 g add 100 mL of a 100 gIL solution of
potassium hydroxide R and boil under a reflux condenser for
30 min. Acidify the warm solution with 20 mL of hydrochloric
acid R and cool to room temperature. Shake the mixture with
50 mL of etherR and allow to standuntil a separation of the
layers is visible. Separate the clearupper layer, add 5 g of
anhydrous sodium sulfate R, wait for 30 min, filter and
evaporate to dryness on a water-bath. Dissolve 50 mg of the
residue in 25 mL of etherR.
Reference solution Dissolve 50 mg of 12-hydroxysteari< acidR
in 25 mL of methylene chloride R.
Plate TLC octad«y/si/yl silica gelplare R.

Mobile phase methylene chlO/w R, glacial acetic acidR.
aceume R (10:40:50 VIVIV).

Appliauion 2 flL.
Development Over 213 of the plate.

Drying In a current of cold air.
Detection Spray with a 80 gIL solution of phosphomolybdic
acid R in 2-propanol R and heat at 120 "C for 1-2 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and colour [0 the
principal spot in me chromatogram obtained with the
reference solution.
B. Dissolve 15.0 g in 50 mL of water R. The viscosity (2.2.9)
has a maximum of 20 ml'a-s.

C. Free macrogols (see Tests).

TESTS
App~nceofsmutlon

The solution is not more opalescent than reference
suspension ill (2.2.1) and not moreintensely coloured than
reference solution B. or BY. (2.2.2, MethodII).
Dissolve 2.0 g in water R anddilute to 20 mLwith the same
solvent.

Acid value (1.5. I)
Maximum 1.0, determined on 2.0 g.

Hydroxyl value (2.5.3, MethodA)
90 to 110.

2022

Iodine value (2.5.4, MethodA)
Maximum 2.0.

Peroxide value (2.5.5, MethodA)
Maximum 5.0.

Saponification value (2.5.6)
53 to 63.

Free macrogo1s
Size-exclusion chromatography (2.2.30).

Testsolution Dissolve 1.20 g of the substance to be
examined in the mobile phase and dilute to 250.0 mL with
the mobile phase.
Reference solution (a) Dissolve about 0.4 g of
mcu:rogol /000 R in the mobile phase and dilute to 250.0 mL
with the mobilephase.
Reference solution (b) Dilute 50.0 mL of reference
solution (a) to 100.0 mL with the mobile phase.

Precolumns (2):
- size: 1= 0.125 m, 0 = 4 mm;
- stationary phase: spherical tXlad«y/siIy1 silica gelfor

chromatography R (5 pm) with a pore size of 10 nm.

Column:
- size: 1=0.30 m, 0 =7.8 rom;
- stationary phase: hydroxy/ated poIymethacry/ate gelR (6 um)

with a poresize of 12 om.

Connect both precolumns to the columnusing a 3-wayvalve
and switchthe mobile phase flowaccording to the following
programme:
- 0-114 s: precolumn 1 and column;
- 115 s to the end: precolumn 2 and column;
- 115 s to 7 min: flowbackof precolumn 1.

MobJephase waterfor chromatJJgraphy R, methanol R
(20:80 VIV).

Flow rOle 1.1 mlJmin.

Deteaion Refractometer.
Inj«tion 50 flL.
Calculate the percentage contentof free macrogols using the
following expression:

AI xm2x200
m, x (A, + 2A,)

1n1 massof the substance to be examined in the testsolution, in
grams;

mz massof maaogoi1000 R in reference solution (a), in grams;
A I area of me peakdue to freemacrogols in me substance to be

examined in the chromatogram obtained with the test solution;
Az areaof the peak due to macrogollOOO in the chromatogram

obtained with reference solution(a)j
A) areaof the peak due to macrogol 1000 in thechromatogram

obtained withreference solution(b).

Limit:
- free macrogols: 27.0 percent to 39.0 per cent.

Ethylene oxide and dloxan (2.4.25)
Maximum I ppm of ethylene oxide and maximum 50 ppm
ofdioxan.

Water (2.5.12)
Maximum 1.0 per cent, determined on 2.00 g.

Total ash (2.4.16)
Maximum 0.3 per cent, determined on 1.0 g.

STORAGE
In an airtight container.
_____________________ PhE"
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2022 Macrogol Isotridecyl Ether II-167

Ph", _
DEFINITION
Mixture of ethersof mixedmacrogols with linearand
branched fatty alcohols, mainly C13H2SO. It containsa
variable quantity of free C1:3H2S0 and- it may contain free
macrogols, The numberof moles of ethylene oxide reacted
per mole of branched C13H2SO is 3 or 4 (nominalvalue).

CHARACTERS
Appearance
Colourless liquid.

Solubility
Practically insoluble in water, soluble or dispersible in
ethanol (96 per cent), practically insoluble in light petroleum.

IDENTIFICATION
A. Gas chromatography (2.2.28).

Testsolution Dissolve 0.200 g of the substance to he
examined in aettcne R and dilute [Q 10.0 mL with the same
solvent.

Reference solution Dissolve 0.35 g of laurylakohol R, 0.35 g
of tn'decyl akoholR, 0.15 g of myristyl alcohol Rand 0.15 g of
ethylene glycol monodod&;y/ etherR in acerone R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL of the
solution to 10.0 mL wil.h acetone R.
Column:

- material: fused silica;
- size: I = 30 m, 0'= 0.25 mm;
- 'to.onary phase: methylpolysiloxane R (film thickness

0.25 urn).

Caniergas: hydrogen for chromarography R or heliumfor
chromalCgraphy R.
Flow rase: I mlJmin.
Split raua 1:50.

Temperature:

(Ph. Bur. monograph 2730)

Macrogol Isotridecyl Ether

165· J85

145·160

Hydroxyl value

3

4

Ethylene oxide unIts per moleeu.le
(nominal value)

E. Dissolve or disperse 0.1 g in 5 mL of ethanol
(96 per cent! R. Add to mL of dilute hydrochloric acidR,
10 mL of bariumchloride solution RI and 10 mL of a 100 gIL
solution of phosphomolybdic acid R. A precipitate is fonned.

TESTS
Appearance of solution
The solution is not more intensely coloured chan reference
solution BY, (2.2.2, MethodIl).

Dissolve 5.0 g in ethanol (96 per cent! R and dilute to 50 mL
with the same solvent.

Iodine value (2.5.4)
Maximum 2.0.

Saponificadon value (2.5.6)
Maximum 3.0, determined on 10.0 g.

Ethylene oxide and dloxan (2.4.25)
Maximum I ppm of ethylene oxide and 10 ppm of dioxan.

Water (2.5.12)
Maximum 3.0 per cent, determined on 2.00 g.

Sulfated ash (2.4.14)
Maximum0.2 per cent.
Ignite a silica crucible at 600 ± 50 °C for 30 min, allowto
cool in a desiccator over a suitable desiccant and weigh.
Evenlydislribute 1.0 g in the crucible and weigh. Dry at
100-105 °C for 1 h and ignite in a muffle furnace at
600 ± 25 ·C until the substance is thoroughly charred.
Carry out the test for sulfated ash (2.4.14) on the residue
obtained, starting from "Moisten the substance to be
examined....·.

A1kallnlty
Dissolve 2.0 g in a hot mixture of 10 mL of ethanol
(96 per cent! Rand 10 mL of waterR. Add 0.1 mL of
bromorhymol bluesolution RI. Not more than 0.5 mL of 0.1 M
hydrochlom acid is required to change the colourof the
indicator to yellow.

AcId value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
See Table 2730.-1.

Table 2730.-1

**** ** *
*****

120

120 --0 350

350

300

350

Temperature
eC)

Tim,
(mlo)

0- I

I ·24

24·34

Column

Injectionport

Detector

Detection Flame ionisation.
Injection I 1'1..
Retention rime Lauryl alcohol = about 6.7 min; tridecyl
alcohol=about 7.8 min; myristyl alcohol =about 9 min;
ethylene glycol monododecyl ether = about 9.3 min.

System suitability Reference solution:
- resolution: minimum 5 between the peaks due to

myristyl alcohol and ethylene glycol monododecyl
ether.

Results The sum of the areas of the peaks eluting between
the peak due to lauryl alcohol and the peak due to tridecyl
alcohol is greater than the area of the peakdue to tridecyl
alcohol and the area of the peak due to lauryl alcohol.

B. Hydroxyl value (see Tests).

C. Iodine value (see Tests).

D. Saponification value (see Tests).

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of COH2SO (nominal value).
___________________ Ph"-r
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II-168 Macrogol Lauryl Ether

Macrogol Lauryl Ether
(Ph. Eur. monograph 1124)

Action and use
Non-ionic surfactant.

**.* ** •• *..'

2022

Corner gas helium for chromatography R or hydrogm for
chromatography R.
Flow rate 1 mUmin.
Split ratio 1:50.
Temperature:

Detection Flame ionisation.
Inje<lian 1.0 ~L.

Identification 0/peaks Use the chromatogram obtainedwith
the reference solution to identify the peaks due to ethylene
glycol monododecyl ether, lauryl alcohol and myristyl
alcohol.
Retention time Lauryl alcohol = about6.7 min; myristyl
alcohol = about. 8.9 min; ethylene glycolmonododecyl
ether=about 9.3 min.
System suilabiltiy Reference solution:

- resolution: minimwn5.0 between the peaks due to

myristyl alcohol and ethylene glycol monododecyl
ether.

Results The sum of the areas of the peaks elutedbefore the
peakdue to lauryl alcohol is less than 10 per cent of the area
of the peak due to lauryl alcohol; disregard the peakdue to
the solvent.
F. Gas chromatography (2.2.28).

Test soiution Into a 50 mL round-bottomed ftask fitted with
a reflux condenserintroduce 0.300 g of the substance to be
examined, 15 mL of hydriodk acidR, 2.5 mL of a 603 r/L
solution of phosphorous acid Rand 2 or 3 anti-bumping
granules. Heat to 140°C usingan oil bath or an electric
heatingmantle, then boil for 2 h. Allow to cool to room
temperature and rinsethe condenser with 5 mLof ethanol
(96 per cent) R. Add the rinsings to the flask and transfer to a
separating funnel, rinsing the flask with2 quantities, each of
5 ml., of a mixture of equalvolumes of ethanol
(96 perrent) R and water R.

Extract with 15 mL of heptane R and wash the upper layer
with 5 mL portions of a mixture of equalvolumesof ethanol
(96 per renV R and water R until the pH of the lower layer is
greater than 3 using a pH indicator suip R.
Transfer the upperlayer into a 20 mL glassvialwith a screw
cap and shake with 5 g of anhydrous sodium suifate R. Allow
to settle and transfer about 1 mL of the clear supernatant to
an autosamplervial.
Reference solutmz Prepare as described for the test solution
using 0.150 g of 2-butylo<:ranol R. 0.150 g of lauryl alcohol R
and 0.150 g of myristyl alcohol R instead of the substance to
be examined.
Column:

- moteriol: fused silica;
- size: 1= 30 m, (2) = 0.32 mm;
- suuionary phase: phenyl(S)melhy/(9S)polysiloxane R (lilm

thickness 1.0 pm),

Carrier gas helium for chromatography R or hydrog<n for
chromatography R.
Flow rate 3 mlJmin.

PhE<I _

DEFINITION
Mixture of ethersof mixed macrogols with linearfany
alcohols, mainlyC1zH260. It containsa variable quantity of
free C1zH260 and may contain freemacrogols. The number
of moles of ethylene oxide reactedper mole of C12H260 is
3 to 23 (nominal value).

CHARACTERS
- Macrogol lauryl ethers with 3 to 5 units of ethyleneoxide

per molecule.

Appearance
Colourless liquid.

Solubility
Practically insoluble in water, solubleor dispersible in
ethanol (96 per cent), practically insoluble in lightpetroleum.
- Macrogol lauryl etherswith 9 units of ethyleneoxide per

molecule.

Appearance
White or almost white, WlCtuOUS, hygroscopic mass, melting
at 24 DC into a colourless or yellowish, viscous liquid.

Solubility
Freelysoluble in water, solubleor dispersible in ethanol
(96 per cent), practically insoluble in light petroleum.
- Macrogol lauryl ethers with 10 to 23 units of ethylene

oxide per molecule.

Appearance
Whiteor almostwhite, waxymass.

Solubility
Solubleor dispersible in water, soluble in ethanol
(96 per cent), practically insoluble in light petroleum.

IDENTIFICATION
Carry out tests A, B, C, 0, E for macrogol Iauryl ethers with
3 to 5 units of ethylene oxide per molecule.
Carry out. tests A, B, C, 0, F for macrogollauryl ethers with
9 to 23 units of ethylene oxide per molecule.
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Saponification value (see Tests).
O. Dissolve or disperse 0.1 gin 5 mL of ethanol
(96 perc<nV R, add 10 mL of dilute hydrochloric add R,
10 mL of barium chlon"desolu.wn RJ and 10 mL of a 100 r/L
solutionof phosphomolybdic addR. A precipitate is formed.
E. Gas chromatography (2.2.28).

Teu solution Dissolve 0.200 g of the substance to be
examined in acetone R and dilute to 10.0 mL with the same
solvent.
Reference solution Dissolve 0.15 g of elhy/<ne glyrol
monododecyl ether R, 0.15 g of lauryl alcohol Rand 0.15 g of
myristyl alcohol R in acelane R and dilute to 100.0 mL with
the same solvent.
Column:

- material: fused silica;
- size: 1= 30 rn, 0 = 0.25 nun;
- suuionatyphase: phenyl(S)melhy/(9S)polysiwxane R (film

thickness 0.25 pm).

Column

Injection pon

Detector

Tbn.
(min)

0-1

1 - 24

24 - 34

Temperature
Cq
120

120 ..... 350

350

300

350
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Delation Flame ionisation.

Injection 1.0 ~L.

Identification 0/peaks Use the chromatogram obtained with
me reference solution to identify the peaks due to
2-butyloctyl iodide, lauryl iodide and myristyl iodide.

Retention time z-burylcctyl iodide = about 22.7 min; lauryl
iodide = about 25.6 min; mycistyl iodide = about 31.1 min.

System su;tabiliry Reference solution:
- resolution: minimum 5.0 between the peaks due £0

2-butyloctyl iodide and lauryl iodide.

Results The sum of the areas of the peaks eluted before the
peak due to lauryl iodide is less than 10 per cent of the area
of me peak due to lauryl iodide; disregard the peak due to
the solvent.

Split ratio 1:30.

Temperature:

Column

Injection port

Detector

Time
(min)

0·5

5 - 55

55 - 70

Temperature
CCJ
100

100 -.. 300

300
250

310

Sulfated ash (2.4.14)
Maximum 0.2 per cent.

Ignite a silica crucible at 600 ± 50 °C for 30 min, allow to
cool in a desiccator and weigh. Evenly distribute 1.0 g in the
crucible and weigh again. Dry at 100-105 °C for I hand
ignite in a muffle furnace at 600 ± 25 °C until the substance
is thoroughly charred. Carry out the test for sulfated ash on
the residue obtained, starting from "Moisten the substance to
be examined... ".

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of C l 2H260 (nominal value).
_____________________ PhE"

Macrogol Oleate
(Ph. Eur. manograph 1618)

Action and use
Non-ionic surfactant.

PhEu _

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BY5 (2.2.2, Method II).

Dissolve 5.0 g in ethanol (96 per cem) R and dilute to 50 mL
with the same solvent.

A1kal1nlty
Dissolve 2.0 g in a hot mixture of 10 mL of ethanol
(96 per cent) R and 10 mL of water R. Add 0.1 mL of
bromothymo/ blueso/ution RI. Not more than 0.5 mL of 0.1 M
hydrochloric add is required to change the colour of the
indicator to yellow.

Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl value (2.5.3, Method A)

Iodine value (2.5.4)
Maximum 2.0.

Saponification value (2.5.6)
Maximum 3.0, determined on 10.0 g.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 3.0 per cent, determined on 2.00 g.

Ethylene oxide units per molecule
(nomlnoJ value)

3

4

5

9

10

12

15

20 - 23

Hydroxyl value

165 - 180

145 - 165

130 - 140

90 - 100

85 - 95

73·83

64-74

40 - 60

DEFINITION
A mixture of monoesters and dleeters of mainly oleic (cis-9­
octadecenoic) acid and macrogols. It may be obtained by
ethoxylation of Oleic acid (0799) or by esterification of
macrogols with oleic acid of animal or vegetable origin.
It may contain free macrogols. The average polymer length is
equivalent to 5-6 or 10 moles of ethylene oxide per mole
(nominal value). A suitable antioxidant may be added.

CHARACTERS
Appearance
Slightly yellowish, viscous liquid.

Solubility
Dispersible in water, soluble in ethanol (96 per cent) and in
2-propanol, dispersible in oils, miscible with fatty oils and
with waxes.

Refractive index
About 1.466.

IDENTIFICATION
First identification: A, C.

Secondidentifi«ltion: A, B.
A. Saponification value (see Tests).

B. Thin-layer chromatography (2.2.27).

Test solution To 20 mg add 10 mL of methylene chloride R
and mix.,
Plate TLC silica gel F254 plate R.

Mobilephase 25 per cent VIV solution of concentrated
ammonia R, 2-propanol R (20:80 VIV).
Applicatwn 10 ~L.

Development Over a path of 15 cm.

Drying In air.
Detection Spray with potassium iodobismulhate solution R4;
examine the plate about 10 min later.

Results The chromatogram obtained shows 3 principal
spots, corresponding, in order of increasing Rp value, to free
macrcgol, macrogol mono-oleate and macrogol dioleate.
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__________________ "'51

C. Composition of fatty acids (see Tests).

TESTS
Alkalinity
Dissolve 2.0 g in ethanol (96 perunO Rand dilute 10 20 mL
with the same solvent. To 2 mL of this solution add
0.05 mLof phenol red solution R. The solution is not red.

Acid value (2.5.1)
Maximum 2.0.

Hydroxyl value (2.5.3, MethodA)
See Table 1618.-1.

Iodine value (2.5.4, MellwdA)
See Table 1618.-1.

Peroxide value (2.5.5, MellwdA)
Maximum 12.0.

Saponification value (2.5.6)
See Table 1618.-1.

Table 1618.-1

Composidon of fatty acids
Gas chromatography (2.4.22, Me/hod A).

Composition of thefa,ry-aeid Jraaion of the subS/one.:
- myristic acid: maximum 5.0 per cent;
- stearic acid: maximum 6:0 per cent;
- palmitk acid: maximwn 16.0 per cent;
- palmi'toleic acid: maximum 8.0 per cent;
- oleic acid: 65.0 per cent to 88.0 per cent,
- linoleic acid: maximum 18.0 per cent;
- linolen~ acid: maximum 4.0 per cent;
- fatty acidswitha chain length greater than C18: maximum

4.0 per cent.

Residual ethylene oxide and dioxan (2.4.25)
Maximum I ppm of residual ethylene oxide and 10 ppm of
residual dioxan.

Water (2.5.12)
Maximum 2.0 per cent, determined on 1.00 g using
anhydrous methanol R as the solvent.

Total ash (2.4.16)
Maximum 0.3 per cent, determined on 1.0 g.

STORAGE
"In an airtight container.

LABELliNG
The label states the number of moles of ethyleneoxide per
mole (nominal value).

Hydroxyl value

Iodine value

Saponification value

5-6 moles of
ethylene oxide

50 - 70

50 - 60

105 • 120

10 moles of
ethylene oxide

65 - 90

27 - 34

68 - 85

Macrogol Oleyl Ether
(ph. Bur. monograph 1125)

Action and use
Non-ionic surfactant.

"'E'" _

DEFINITION
Mixture of ethersof mixed macrogols with linear fatty
alcohols, mainly oleyl alcohol. It contains a variable quantity
of free oleyl alcohol and it may contain free mecrogols.
The numberof moles of ethylene oxide reacted per mole of
oleylalcohol is 2 to 20 (nominal value). A suitable
antioxidant may be added.

CHARACTERS
- Macrogol oleyl etherwith2 to 5 units of ethylene oxide

per molecule.

Appearance
YeUow liquid.

SoIublllty
Practically insoluble in water, soluble in alcohol, practically
insoluble in light petroleum.
- Macrogol oleyl ether with 10 10 20 units of ethylene oxide

per molecule.

Appearance
Yellowish-white waxymass.

Solublllty
Dispersible or soluble in water, soluble in alcohol, practically
insoluble in light petroleum.

IDENTlFICATION
A. Hydroxylvalue (see Tests).
B. Iodine value (see Tests).
C. Saponificationvalue (see Tests).

D. Dissolve or disperse 0.1 gin 5 mL of akoholR, add 2 mL
of wow R, 10 mL of dilute hydrochWri< acidR, 10 mL of
bonum chloride solution R1 and 10 mL of a 100 gIL solution
of plwsphomolybdic add R. A precipitate is formed,

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BY5 (2.2.2, Method11).

Dissolve 5.0 g in alrohol R and dilute 10 50 mL with the
same solvent.

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of water Rand
10 mL of alcohol R. Add 0.1 mL of bromolhymol blue
solution RI. NOl more than 0.5 mL of 0.1 M hydrochloric acid
is required to change the colourof the indicator to yellow.

Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
See Table 1125.-1.

Iodine value (2.5.4)
See Table 1125.-1.
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PIlE" _

_____________________ 1"""

.. This broadrangeis needed since 2 differentgradesof oleyl alcohol may be
used for the synthesis. The iodine value does not differby more than 5 units
from the nominal iodinevalue and is within the limits stated in the table.

Ethylene oxide and dioxan (2.4.25)
Maximum I ppm of ethylene oxide and 10 ppm of dioxan.

Impurity A
Liquid chromatography (2.2.29).

Testsolution Introduce 0.250 g of the substance to be
examined into a 10 mL volumetric flask and add about 1 mL
of methanol R. Sonicate. Add about 8 mL of waterRand
dilute to 10.0 mL with the same solvent. Filter.
Reference solution (a) Dissolve 5.0 mg of vinyl aceta'" CRS
(impurity A) 10 methanol R and dilute to 10.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 20.0 mL with
waterR. Dilute 1.0 mL of this solutionto 10.0 mL with
waterR.
Reference solution (b) Dissolve 5 mg of vinyl aceta'" R
(impurity A) and 5 mg of I-viny/pyrrolidin-2-ane RiolO mL
of methanol R and dilute to 50 mL with waterR. Dilute 1 mL
of the solution to 20 mL with waterR.

A precolumn containing end-capped octadecy/si/yl silica gelfar
chromatography R (5 11m) may be used if a matrix effect is
observed.
Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: polarend-eapped octadecylsilyl silica gelfar

chromatography R (5 ~m);

- temperature: 30 "C.
Mobile phase:
- mobile phase A: acetonitrile RlJ methanol R2, waterfor

chromaJ()graphy R (5:5:90 VIVIV);
- mobile phase B: methanol R2, acetonitrile Rl, waterfor

chromatography R (5:45:50 VIVIV);

B. Dissolve 0.4 g in 2 mL of water R. Place 1 mL of the
solution on a glassplate and allow to dry. A transparent film
is formed.

I
A

= 0.561(n, - n2)
m

Determine the saponification value (Is) (2.5.6) on 5.00 g,
using 50.0 mL of 0.5 M alcoholic potassium hydroxide and
stirring vigorously with a magnetic stirrer.
The ester value (1P) is calculated from the saponification
value (Is) and the acid value (1,0:

nl volume of'tinanr used in the lest, in millilitres;
na volume of titrant used in the blanktest, in milhllrres;
m mass of the sample. in grams.

TESTS
pH (2.2.3)
5.0 to 8.0.

Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
25.0 mL with me same solvent.

Ester value
10 to 75.

Determine the acid value (IAJ as follows. Dissolve 5.00 g 10
100 mL of distilled water R while stirring with a magnetic
stirrer. Titrate with 0.01 JW akoholic potassium hydroxide,
determining the end-point potentiometrically (2.2.20). Carry
out a blank test underthe same conditions.

IE =/s-iA

48 . 74·

48·56
24 - 38

14·24

Iodine value

158 - 178

LlO-125

75 - 95

40 - 65

Hydroxyl value

2

5

10

20

Ethylene oxide units
per molecule

(nomlnal value)

Table 1125.-1

Peroxide value (2.5.5)
Maximum 10.0.

Saponification value (2.5.6)
Maximum 3.0.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethylene oxide and 10 ppm of dioxan.

Water (2.5.12)
Maximum 3.0 per cent, determined on 2.00 g.

Total ash (2.4.16)
Maximum 0.2 per cent. determined on 2.0 g.

STORAGE
In an airtight container, protected from light.

LABELLING
The label Slates:
- me numberof moles of ethyleneoxide reacted per mole

of oleyl alcohol (nominal value),
- me nominal iodine value for the type with 2 unitsof

ethylene oxide per molecule.

Macrogol Poly(vinyl alcohol)
Grafted Copolymer
(Ph. Bur. manograph 2523)

DEFINITION
Grafted copolymer of macrogol and poly(vinyl alcohol),
havinga mean relative molecularmass of about 45 000.
It consistsof about 75 per cent of poly(vinyl alcohol) units
and 25 per cent of macrogol units. It may containAnhydrous
colloidal silica (0434) to improve Ilowability.

CHARACTERS
Appearance
White or slightly yellowish powder; opalescent solutions may
be obtained during testing due to the presence of anhydrous
colloidal silica.

Solubility
Verysoluble in water, practically insoluble in anhydrous
ethanoland in acetone. It dissolves in dilute acids and in
dilute solutions of alkali hydroxides.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison macrogol poly(vinylalcohol) grafted
copolymer CRS.

Preparation Dissolve 0.2 g in 20 mL of waterR, spread a
few drops of me solution on a thallium bromoiodide plate
and evaporate the solventat 110°C for 30 min.
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Time Mobile phase A Mobile phase B
(min) (per cent VIJ') (per cent VIl')

0-2 100 0

2 - 40 100 ---> 85 0---> 15

40 - 42 85 --> 0 15 --> 100

F/qw rate 1.0 mUmin.

Detection Spectrophotometer at 205 run.

1nje<:tiQ1/ I 0 ~L.

Retention lime Impurity A = about 19 min;
l-vinylpyrrolidin-2-one = about 25 min.

System suitability Referencesolution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and l-vinylpyrrolidin-Z-one.

Limit:
- impun"ty A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(l00 ppm).

Impurity B
liquid chromatography (2.2.29).

Test solution Mix 0.200 g of the substance to be examined
with waler R and dilute to 10.0 mL with the same solvent.

Reference solution Dissolve 30 mg of citric acidmonohydrate R
and 0.100 g of aut;'; acid R (impurity B) in the mobile phase.
Shake gently to dissolve and dilute to 100.0 mL with the
mobile phase.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: polaretlf/-eapped octadeqlsilyl silica gelfor

chromatagraphy R (5 urn).

Mobile phase 0.50 gIL solution of sulfuric acidR.
Flow rate 1.0 mUmin.

Deteaion Spectrophotometer at 205 om.

lnjecti()tl 20 JIL. After each injection, rinse the column with
a mixture of equal volumes of acetoninile Rl and a 0.50 gIL
solution of sulfuric acid R.
Retention time Impurity B = about 5 min; citric
acid = about 7 min.

System SUiUlb,7iry Referencesolution:
- resolution: minimum 2.0 between the peaks due to

impurity B and citric acid.

Limit:
- impun"cy B: not more than the area of the corresponding

peak in the chromatogram obtained with the reference
solution (1.5 per cent).

Sulfated ash (2.4.14)
Maximum 3.0 per cent, determined on 5.0 g.

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
vacuo at l05 °C. .

IMPURITIES
Spedfied impurities A, B.

A. ethenyl acetate,

B. acetic acid.

2022

FUNCflONALITY-RELATED CHARACTERISTICS
This SUiion provides information on characteristics that are
recognised as being relevant control parameters for oneormore
functions of the substance when usedas an excipient (see chapter
5.15). Some of thecharacteristics described in the Functiona/ity­
related characteristics section may also bepresent in themandaurry
part of the monograph since lhey also represent mondaunyquality
aiutia. In such cases, a cross-reference 10 the tests described in the
mandawrypart is induded in the Functionality-related
characteristics section. Control of the charaaenstia canconnlbute
10 the quality of a medicinal product by improving theconsistency
of the monujactuting process and thepetformance of themedkinal
product dun·ng use. Where control methods are cited, they are
recognised as being suitable for thepurpose, but other methods call
also be used. W'herever results for a particular characteristic are
reponed, the control method must be indicated:
Thefollowing charaaeristics may berelevant for macrogol
poly(vinylalcohol) grafted copolymer usedasfilm former in film­
coated tablets.

Viscosity (2.2.11J)
Typically less man 250 mpa-s, determined on a
20 per cent mlm solution, using a rotating viscometer at
25 DC and rotation speed of 100 r/min.
~ Ph'"

Macrogol 40 Sorbitol Heptaoleate
(Ph. Eur. mQ1/ograph 2396)

Action and use
Non-ionic surfactant.

PhE.r _

DEFINITION
Mixture of esters of fatty acids, mainly Olei<: acid (0799), and
sorbitol ethoxylated with approximately 40 moles of ethylene
oxide for each mole of sorbitol. 7 moles of oleic acid are used
for each mole of sorbitol. It also contains macrogoJ fatty acid
esters.

CHARACTERS
Appearance
Clear or slightly opalescent, yellowish, viscous, hygroscopic
liquid.

Solubility
Dispersible in water, soluble in isopropyl myristate, in
isopropyl palmitate, in mineral oils and in vegetable fatty oils.

Relative density
About 1.0.

Viscosiry (2.2.9): about 175 rnl'a-s at 25 'C.

IDENTIFICATION
First identification: A, D.
Second identification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison matrOgo[ 40 sorbitol heptaoleate CRS.
B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 12.0, determined on 3.0 g.
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Hydroxyl value (2.5.3, MethodA)
22 to 55.

Peroxide value
Maximum 10.0.

Introduce 10.0 g into a 100 mL beaker and dissolve with
20 mL of glacial acetic acidR. Add I mL of saturated
potassium iodide solution R, mix and allow to stand for 1 min.
Add 50 mL of carbon dioxide-free water R and a magnetic
stirring bar. Titrate with 0.01 M sodium thiosulfate,
determining the end-point potentiometrically (2.2.2fJ). Carry
out a blank titration.

Determine the peroxide value using the following expression:

(nj-n,)xMxIOOO

m

Saponification value (2.5.6)
90 to 110, determined on 4.0 g.
Use 30.0 mL of 0.5 M alcoholic potassium hydroxide, heat
under reflux for 60 min and add 50 mL of anhydrous
ethanol R before carrying out the titration.

Composition of fatty acids (2.4.22, Metlwd C)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefa'ly-Oddfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- pa!min'c acid: maximum 16.0 per cent;
- palmjwlek acid: maximum 8.0 per cent;
- steamacid: maximwn 6.0 per cent;
- oleic add: minimum 58.0 per cent;
-linoleic acid: maximum 18.0 per cent;
- ljnolenkacid: maximum 4.0 per cent.

Ethylene oxide and dioxan (2.4.25, MelhodA)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.50 g.

Sulfated ash
Maximum 0.25 per cent.

Heat a silica crucible to redness for 30 min, aUow to cool in
a desiccator and weigh. Evenly distribute 1.0 g of the
substance to be examined in the crucible and weigh. Dry at
100-105 'C for I h and ignite in a muflle furnace at
600 ± 25°C, until the substance is thoroughly charred.
Carry out the test for sulfated ash (2.4.14) on the residue
obtained, starting from "Moisten the substance to be
examined...".

n

n,

M
m

volume of 0.01 M sodiltm lhio51llfate required for the titration of
the substance to be examined, in milliliLres;
volwne of 0.0/ M sodium thiosulf(ll~ requIred for lhe blank
titration, in millilitres;
molarity of the sodium lhiosulfare solution;
mass of me substance [0 be examined, in grams.

Macrogol Stearate
(ph. Bur. monograph 1234)

Action and use
Non-ionic surfactant.

PhE" _

DEFINITION
Mixture of monoesters and diesters of mainly stearic
(octadecanoic) acid and/or palmitic (hexadecanoic) acid and
macrogols. It may be obtained by ethoxylation or by
esterification of macrogols with stearic acid 50 (type I) or
stearic acid 95 (type II) (see Stearic acid (1474). It may
contain free macrogols. The average polymer length is
equivalent to 6 [0 100 ethylene oxide units per molecule
(nominal value).

CHARACTERS
Appearance
White or slightly yellowish, waxy mass.

Solubility
Soluble in ethanol (96 per cent) and in 2-propanol. Macrogol
stearate corresponding to a product with 6-9 units of
ethylene oxide per molecule is practically insoluble, but freely
dispersible in water and miscible with fatty oils and with
waxes. Macrogol stearate corresponding to a product with
20-100 units of ethylene oxide per molecule is soluble in
water and practically insoluble in fatty oils and in waxes.

IDENTIFICATION
A. Saponification value (see Tests).

B. Composition of fatty acids (see Tests).

TESTS
Alkalinity
Dissolve 2.0 g in ethanol (96 per emV R and dilute to 20 mL
with the same solvent. To 2 mL of this solution add
0.05 mL of phenol red solutWn R. The solution is not red.

Melting point (2.2.15)
See Table 1234.-1.

Mdt about 10 g at 80-90 °C. Introduce a sufficient amount
of the substance into the tube by capillary action to form a
column of the prescribed height. Allow to stand at 0 "C
for 2 h.

Acid value (2.5.1)
Maximum 4.0) determined on 2.0 g.

Hydroxyl value (2.5.3, MethodA)
See Table 1234.-1.

Iodine value (2.5.4)
Maximum 2.0.

SaponJfication value (2.5.6)
See Table 1234.-1.

STORAGE
In an airtight container, protected from light.
___________________ PhE"

Table 1234.-1

Ethylene oxide units Melting point Hydroxyl Sapoolfic8tion
per molecule ('C) value value

(nominal value)

6 26 - 37 80 - 110 85 - 115

8-. 26 - 35 80 - 105 88 - ioo
20 33 - 40 50·62 46 - 56

32 46 - 50 20-40 30 - 45
40 - 50 38 - 52 23 - 40 20 - 35

100 48·60 15·30 5 - 20
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Macrogol Stearyl Ether

____________________ PhE<I

PhE" _

ISO· 180

75·90

40 - 60

HYdroxyl value

2

10

20

Number of moles of ethylene oxide
reacted per mole (nominal value)

After melting, it solidifies at about 45 "C.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

c. Saponification value (see Tests).

D. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10.0 g in a mixture of I volume of
waterRand 9 volumes of methanol R and dilute to 75 mL
with the same mixture of solvents. Add 60 mL of heptane R
and shake for 3 min. The formation of foam can be reduced
by the addition of a few drops of ethanol (96 percent! R.
Filter the upper layer through anhydrous sodium sulfate RJ

wash the filter with 3 quantities, each of 10 ml., of heptane R
and evaporate the combined filtrates to dryness. Dissolve
50 mg of the residue in 10 mL of metha"ol R (the solution
may be opalescent).

Reference solutwn Dissolve 25 mg of st<aryl alcohol CRS in
methanol R and dilute to 25 mL with the same solvent.

Plow TLC silica gelplate R.

MoMe phase ethylacetaW R.
App1icatwn 20 ~L

Development Over a path of 15 em.
Drying In air.

Detection Spray with vanillin-sulfuric acid reagent prepared
as follows: dissolve 05 g of vaniJh·" R in 50 mL of ethanol
(96 per C<tlt! R and dilute to 100 mL with sulfuric acidR;
allow to dry in air; heat at about 130 °C for 15 min and
allow to cool in air.

Results The chromatogram obtained with the test solution
shows several spots; one of these spots corresponds to the
principal spot in the chromatogram obtained with the
reference solution.

E. Dissolve or disperse 0.1 g in 5 mL of ethanol
(96 per C<tlt! R, add 2 mL of water R, 10 mL of diuw
hydrochloric acidR, 10 mL of barium chloride soluti6n RI and
10 mL of a 100 WI. solution of plwsphomolybdi< add R.
A precipitate is formed,

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution BY, (2.2.2, Method 11').

Dissolve 5.0 g in ethanol (96 percent) R and dilute to 50 mL
with the same solvent.

Alkalinity
Dissolve 2.0 g in a hot mixture of 10 mL of ethanol
(96 per C<tlt! R and 10 mL of water R. Add 0.1 mL of
bromothymol bluesolution Rl. Not more than 0.5 mL of 0.1 M
hydrochloric acidis required to change the colour of the
Indicator to yellow.

Acid value (2.5.1)
Maximum 1.0, determined OD 5.0 g.

Hydroxyl value (2.5.3, MethodA)

Iodine value (2.5.4, MethodA)
Maximum 2.0.

Type oUatl}' Composition orratty adds
acid used

Stearic acid 50 Suaric acid; 40.0 per cent to
60.0 per cent,
Sltm of th, amtclts of palmitic and
stearic acids:not less than
90.0 per cent.

Stearic acid 95 SfeQ11'c acid: 90.0 per cent to
99.0 per cent,
Slim of th, amftrllS oj polmiric and
suam acids: not less than
96.0 per cent.

Macrogol stearate
type I

Macrogol stearate
type II

(ph. Bur. monograph 1340)

Action and use
Non-ionic surfactant.

Composition of fatty acids
Gas chromatography (2.4.22, Method C).

Composition of thefalty acidfraction of the substance:

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethylene oxide and 10 ppm of dioxan.

Water (2.5.12)
Maximum 3.0 per cent, determined on 0.50 g. Use as rhe
solvent a mixture of equal volumes of anhydrous methanol R
and methykne chloride R.

Total ash (2.4.16)
Maximum 0.3 per cent, determined on 1.0 g.

STORAGE
In an airtight container.

LABELLING
The label states:
- the number of ethylene oxide units per molecule (nominal

value}j .
- the type of macrogol stearate.

DEFINITION
Mixture of ethers obtained by ethoxylation of steary I alcohol.
It may contain some free macrogols and various amounts of
free stearyl alcohol. The number of motes of ethylene oxide
reacted per mole of stearyl alcohol is 2 to 20 (nominal
value).

CHARACTERS
Appearance
White or yellowish-white, waxy, unctuous mass, pellets,
microbeads or flakes.

Soluhillty
- macrogol srearyl ether with 2 moles of ethylene oxide

reacted per mole: practically insoluble in water, soluble in
ethanol (96 per cent) with heating and in methylene
chloride;

- macrogol stearyl ether with 10 moles of ethylene oxide
reacted per mole: soluble in water and in ethanol
(96 per cent);

- macrogol srearyl ether with 20 moles of ethylene oxide
reacted per mole: soluble in water, in ethanol
(96 per cent) and in methylene chloride.
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_____________________ PIIE<r

PhE" _

LABELLING
The label states the number of moles of ethylene oxide
reacted per mole of stearyl alcohol (nominal value).

Saponification value (2.5.6)
Maximum 3.0, determined on 10.0 g.

Ethylene oxide and dioxan (2.4.2»
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Waler (2.5.12)
Maximum 3.0 per cent, determined on 1.00 g.

STORAGE
In an airtightcontainer.

To 0.5 g add 25 mL of dilute niuicacidR and shake until
completely dissolved. Add 10.0 mL of 0.1 M silver nitrate and
2 mL offerm ammonium sulfate solution R2 as indicator.
Titrate with 0.1 Al ammonium thiocyanate, shaking vigorously
until a persistent brownish-red colour is obtained.
1 mL of 0.1 M silver nitrate is equivalent to 3.545 mg of CI.

Soluble sulfates
Maximwn 1.9 per cent.
Disperse0.5 g in 25 mL of waterR, boil for 5 min, cool,
dilute to 25.0 mL with waterR, mix and filter. To 2.5 mL of
the filtrate, add 30 mL of waterR, neutralise to bluelitmus
paperR with hydrochloric acidR, add 3 mL of 1 M
hydrochloric acid, 3 mL of a 120 gIL solution of barium
chloride R and dilute to 50 mL with waterR. Mix and allow
to stand for 10 min. Any opalescence in the solutionis not
more intense than thatin a standard prepared at the same
time in the same manner using I mL of O. 01 M sulfuric acid
instead of 2.5 mL of filtrate.

Sulfates
16.0 per cent to 21.0 per cent (dried substance).
Dissolve 0.875 g in a mixture of 5 mL of glacial acetic acid R
and 10 mL of waterR and dilute to 25.0 mL with waler R.
Prepare a chromatographic column of 1 em in internal
diameter containing 15 mL of cation-exchange resin R
(150-300 pm), previously washed with 30 mL of waterR.
Transfer 5.0 mL of me solution to be examined to the
column and elute with 15 mL of water R. To the eluate add
5 mL of a 53.6 gIL solution of magnesium aUlaU R, 32 mL
of methanol Rand 0.2 mL of alizarin S soluMn R. Add from
a burette about 4.0 mL of 0.05 M bonum chloride, add a
further 0.2 mL of alizan·n S solution R and slowlycomplete
the titration until the yellow colour disappears and a violet­
red tinge isvisible.
I mL of 0.05 M barium chloride is equivalent to 4.803 mg
ofSO•.

Aluminium hydroxide
32.1 per cent to 45.9 per cent (dried substance).

Dissolve 0.800 g in 10 mL of dilutehydrochknic acid R,
heating on a water-bath. Cool and dilute to 50.0 mL with
water R. To 10.0 m.L of this solution,add dilute ammonia Rl
until a precipitate begins to appear. Add the smallestquantity
of dilute hydrochloric acid R needed to dissolvethe precipitate
and dilute to 20 mL with water R. Carry out the
complexometric titration of aluminium (2.5.11).

I mL of 0.1 M sodium edetate is equivalent to 7.80 mg of AI
(OH),.

Magnesium hydroxide
49.2 per cent to 66.6 per cent (dried substance).

Dissolve 0.100 g in 2 mL of dilute hydrochloric acidRand
transfer to a 500 mL conical flask with the aid of waterR.
Dilute to 200 mL with waterR, add 20 mL of
triethanolamine R with shaking, 10 mL of ammonium chloride
btiffersoluMn pH 10.0 R and about 50 mg of mordanr black
11 triturate R. Titrate with 0.1 M sodium edetate until the
colour changes from violet to pure blue.
I mL of 0.11\-1 sodium edetate is equivalent to 5.832 mg of
Mg(OH)2'

Sodium
Maximum 0.10 per cent.
Atomic absorption spectrometry (2.2.23, Method1).

Tesr solution Weigh 2.00 g into a 100 mL volumetric flask,
place in an ice-bath, add 5 mL of nimc add R and swirl to
mix. Allow to wann to room temperature and dilute to

**** ** ** ****
74978-16-8

(Ph. Eur. monograph 1539)

AI,MglO(OHl"(SO.),,xH,O 1097
(anhydrous substance)

Magaldrate

Action and use
Antacid.

Preparation
Magaklrare Oral Suspension

DEFINITION
Magaldrate is composed of aluminium and magnesium
hydroxides and sulfates. Its composition corresponds
approximately to the formula AI,MglO(OH)'l(SO.)"xH20 .

Content
90.0 per cent to 105.0 per cent (dried substance).

It contains a variable quantity of water.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water and in ethanol (96 per cent).
It is soluble in dilute mineral acids.

IDENTIFICATION
A. Dissolve 0.6 g in 20 mL of 3 M hydrrxhwric acid R, add
about 30 mL of waterR and heat to boiling. Adjust to
pH 6.2 with dilute ammonia RI, continue boilingfor a further
2 min, filter and retain the precipitate and the filtrate.
To 2 mL of the filtrate add 2 mL of ammonium chloride
solution R and neutralise with a solution prepared by
dissolving2 g of ammonium carbonate R and 2 mL of dilute
ammonia Rl in 20 mL of water Rj no precipitate is produced.
Add disodium hydrogen phosphate solutwn R; a white,
crystalline precipitate is produced whichdoes not dissolve in
dilute ammonia Rl.
B. The precipitate retained in identification test A gives the
reaction of aluminiwn (2.1.1).

C. The filtrate retained in identification test A gives
reaction (a) of sulfates (2.3.1).

TESTS
Soluble cWorldes
Maximwn 3.5 per cent.
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____~ PhEOI

PhEOI _

100 mLwith water R. Filter, if necessary, to obtaina clear
solution. Dilute 10.0 mL of the filtrate to 100.0 mL with
waterR.
Reference solutions Prepare the reference solutions using
sodium standardsolution (200 ppm Na) R, diluted as necessary
with dilute nimc acidR.
Source Sodium hollow-cathode lamp.

Wavelength 589 nm.

Awmisation devke Air-acetylene flame.

Loss on drying (2.2.32)
10.0 per cent to 20.0 per cent, determined on 1.000 g by
drying in an oven at 200°C for 4 h.

ASSAY
To 1.500 g add 50.0 mL of I M hydnxhIori< acid. Titrate the
excesshydrochloricacid with 1 M sodium hydroxide to
pH 3.0, determining the end-pointpotentiometrically
(2.2.20). Carry out a blank titration.

I mL of 1 M hydnxhloric acid is equivalent to 35.40 mg
of Al,MglO(OH),,(SO.h.

- PhE'"

Dissolve 1.0 g in distilled waterR and diluteto 10 mLwith
the same solvent, add 5 mg of sodium chlon"de RJ 0.05 mL of
indigo carmine solution R and while stirring, 10 rnL of nurogen­
free suljun'c add R. A blue colour is produced whichpersists
for at least 10 min.
Sulfates (2.4.H)
Maximum 600 ppm.

Dissolve 0.25 g in distilled water R and dilute to 15 mL with
the same solvent.

A1uminlum (2.4.17)
Maximum I ppm.

Prescribed solution Dissolve 4.0 g in waterR and dilute to
100 mL with the same solvent. Add 10 mL of auta,. buffer
solution pH 6.0 R.

Reference solution Mix 2 mL of aluminium standard solution
(2 ppm AD R, 10 mL of aceta" buffer solution pH 6.0 Rand
98 mL of waterR.

Blank solution Mix 10 mL of auta,. buffer solution pH 6.0 R
and 100 mL of waterR.

Calcium (2.4.3)
Maximum 100 ppm.

Dissolve 1.0 g in distilled water R and diluteto 15 mL with
the same solvent.

Potassium
Maximum 0.1 per cent.
Atomic emission spectrometry (2.2.22, Method 11).
Test solution Dissolve 0.5 g in water R and dilute to 100 mL
with the same solvent.
Reference sonuions Prepare the reference solutions using
potassium standard solution (600 ppm K) R, diluted as
necessary with water R.
Wavelength 766.5 nm.

Sodium
Maximum 0.5 per cent.
Atomic emission spectrometry (2.2.22, Method 11).
Testsolution Dissolve 1.0 g in water R and dilute to 100 mL
with the same solvent.
Reference solutions Prepare the reference solutions using
sodium standardsolurian (200 ppm Na) R, diluted as necessary
with water R.
Wavelength 589.0 nm.

Readily oxidisable substances
Dissolve 2.0 g in 100 mL of boiling water R, add 6 mL of a

.150 WL solution of su/fun'c acidRand 0.3 mL of 0.02 M
potassium permanganate. M.ix and boil gentlyfor 5 min.
The pink colour is not completely discharged.

Water (2.5.12)
33.0 per cent to 35.0 per cent, determined o,n0.100 g.

ASSAY
Dissolve 0.150 g in 300 mL of water R. Carry out the
complexometric titration of magnesium (2.5.11).
I mL of 0.1 M sodium edetau is equivalent to 14.24 mg of
C.H~lg04·

16674-78-5

Magnesium Acetate Tetrahydrate
(ph. Bur. monograph 2035)

Mg(CH,COO),,4H,O 214.5

Action and use
Used in dialysis solutions.

DEFINITION
Content
98.0 per cent to 101.0 per cent of magnesium acetate
(anhydrous substance).

CHARACTERS
Appearance
Colourless crystals or white or almostwhite, crystalline
powder.

Solubility
Freely soluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Dissolve about 100 mg in 2 mL of Water R. Add I mL of
dilute ammonia R1 and heat. A white precipitate is formed
thatdissolves slowlyon addition of 5 mLof ammonium
chloride solution R. Add I mL of disodium hydrogen phospha,.
solution R. A white crystalline precipitate is formed.
B. It gives reaction (b) of acetates (2.3.1).

TESTS
pH (2.2.3)
7.5 to 8.5.

Dissolve 2.5 g in carbon dioxide-fiuwater R and dilute to
50 mLwith the same solvent.

Chlorides (2.4.4)
Maximum 330 ppm.

Dissolve 1.0 g in water R and dilute to 100 mL with the
same solvent.

Nitrates
Maximum 3 ppm.
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DEFINITION
Magnesium aluminometasilicate of syntheticoriginexists in
2 forms (type A and type B), which differ in their apparent
pH. It contains a variable quantity of water.
Content (type A and type B):
- silicon dioxide (SiD,; M, 60.1): 29.2 per cent to

35.6 per cent (dried substance);
- aluminium oxide (Ah03; Me 102.0): 29.1 pee cent to

35.5 per cent (dried substance):
- magnesium oxide (MgO; M, 40.30): 11.4 per cent to

14.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder or granules.

Solubility
PracticaUy insoluble in waterand in ethanol (96 per cent).

IDENTIFICATION
A. To 0.5 g add 5 mL of a mixture of I volume of sulfuric
add Rand 2 volumes of water R and heat until white fumes
evolve. Cool, add 20 mL of water R and filter. Use the
filtrate for identification tests Band C. Wash the residue with
water R. The residue gives the reaction of silicates (2.3.1).

B. Neutralise the filtrate obtainedin identification testA with
ammonia R. A white,gelatinous precipitate is formed.
Centrifuge and keep the supernatant for identification test C.
Dissolve the precipitate in dilute hydrochloric acidR.
Add dropwise dilute sodium hydroxide solution R. A white,
gelatinous precipitate is formed, Filterand add a few drops
of phenolphthalein sdution R to the residue. The residue turns
pink. Wash the residue with water R until the pink colour is
completely discharged and the residue remains whiteupon
addition of a drop of phenolphthalein solution R. Sprinkle a few
crystals of sodium fluoride R on the residue. The residue, in
contact with the crystals, turns pink againin a short time.
C. To 2 mL of the supernatant obtained after centrifugation
in identification test B, add 1 mL of dilute ammonia RJ and
J mL of ammonium chloride ~olution R. Upon the addition of
dilute ammonia RJ a white precipitate may form, which
dissolves after addition of the ammonium chloride solution R.
Add I mL of disodium hydrogen phosphate solution R. A white
precipitate is formed,

TESTS
Solution S
Disperse 10.0 g in 100.0 mL of waterR and boil gently for
15 min with shaking. After cooling, dilute to 100.0 mL with
waterR and centrifuge. Dilute 50.0 mL of the clear
supernatant to 100.0 mL with water R.

pH (2.2.3)
6.0 to 8.5 for type A; 8.5 to 10.5 for type B.
Disperse 2.0 g in 50 mL of carbon dioxide-free waterR. Read
the pH after the electrode has been immersed in the
suspensionfor 2 min.

Water-soluble salts
Maximum 15 per cent.

2022

Magnesium Aluminometasilicate
(Ph. Eur. monograph 2854)

Action and use
Excipient.

**** ** ** ****

Magnesium Aluminometasilicate II-I77

Evaporate 25 mL of solution S to dryness on a water-bath
and heat at 700 "C for 2 h. The residue weighs a maximum
of 19 mg.

Chlorides (2.4.4)
Maximum 500 ppm.

Dilute 2 mL of solution S to J5 mL with wattr R.

Sulfates (2.4.13)
Maximum 0.5 per cent.
Dilute 10 mL of solution S to 100 mL with distilled waterR.
Dilute 6 mL of the solution to 15 mL with distilled waterR.

Ixon (2.4.9)
Maximum 300 ppm.

Disperse O.JO g in 8 mL of d,7ute nitnc acidR, boil for 1 min,
cool and dilute to 30.0 mL withwaterR. Centrifuge and use
10 mL of the clearsupernatant.

loss on drying (2.2.32)
Maximum 20.0 per cent, determined on 1.000 g by drying in
an oven at 110 DC for 7 h.

Neutralising capacity
Minimum 210 mL of 0.1 M hydrochloric acidper gram of
dried substance.
To 0.200 g in a glass-stoppered flask add 100.0 mL of 0.1 M
hydrochloric acid. Stopper the flask tightly, shake at
37 ± 2 °C for I h and filter. Titrate 50.0 mL of the filtrate
with 0.1 M sodium hydroxide to pH 3.5 while stirring
thoroughly. Carry out a blank determination.

ASSAY
Silicon dioxide
In a suitable container, disperse 1.000 g (m) in 30 mL of
dilute hydrochloric add R and evaporate to dryness on a water­
bath. Moisten the residue with hydrochloric add R and
evaporate to dryness on a water-bam. To the residue add
8 mL of hydrochloric acid R, stir, add 25 mL of boiling
water R and stiragain.Allow to stand, then filter the
supernatant through filter paper. To the residue in the
container add 10 mL of boiling water R, stir,allow to stand,
then filter the supernatant through the filter paper. Wash the
residue in the container with 3 quantities, each of 10 mL, of
boiling water R, each time filtering the washings through the
filter paper. Add 50 mL of water R to the residue in the
container, heat on a water-bath for 15 min and filter through
the filter paper. Wash the residue on the filter paper with
boilingwaterR until no further precipitate is formed when
I mL of silvernitrate solution Rl is added to 5 mL of the
washings. Transfer the residue and the filter paper to a
platinum crucible thathas been weighed prior to the
transfer (a). Heat strongly to incinerate and continue to heat
at 775-825 °C for I h. Cool and weigh (b).

Calculate thepercentage contentof silicon dioxide (Si02)

using the following expression:

b-a X 100
m

Aluminium oxide
In a conical flask disperse 1.250 g in 15 mL of dilute
hydrochloric acidR and 50 mL of water R and heat on a
water-bath for 15 min. To this solution add 8 mL of
hydrodlloric acidR and heat on a water-bath for 10 min. After
cooling, transfer the solution to a 250 mLvolumetric flask,
rinse the conicalflaskwith waterR and add the washings to
the volumetric flask. Dilute to volumewith water R.
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___________________ Pl>E<I

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water.

IDENTlFlCATION
Carry out either tests A, C, D, E or tests B, C, D, E.
A. Specific optical rotation (2.2.7): + 22.0 to + 24.0
(anhydrous substance).

Dissolve 0.50 g in a 515 gIL solution of hydrochloric acid R
and dilute to 25.0 mL with the same acid.
B. Enantiomeric purity (see Tests).
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in waterR and dilute to 50 mL with me same
solvent.
Reference solution Dissolve 10 mg of magnesium aspartate
dihydrote CRS in waterR and dilute to 50 mL with the same
solvent.
Plate TLC silica gelplate R.

Mobile phase glacial aceu'c acid R, waterR, buumolR
(20:20:60 VIVIV).

Application 5 IlL
Deudopmem Over 2/3 of the plate.

Dryitlg In air.

Delation Spray with ninhydrin solution R and heat at 105 "C
for 15 min.
Results The principal spot in the chromatogram obtained
with the test solution is similarin position, colour and size to

the principal spot in the chromatogram obtained with the
reference solution.

D. Ignite about 15 mg until a white residue is obtained.
Dissolve the residuein 1 mLof dilute hydrochloric acidR,
neutralise to red litmus paper R by adding dilutesodium
hydroxide solution R and filter if necessary. The solution gives
the reaction of magnesium (2.3.1).

E. Water (see Tests).

TESTS
Solution S
Dissolve 2.5 g in carbo" dioxide-free waterR prepared from
distined water R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.3)
6.0 to 8.0 for solution S.

Enantiomerlc purity
Liquid chromatography (2.2.29).

Test solution Dissolve 0.120 g of the substance to be
examined in waterR and dilute to 100.0 mL with the same
solvent.

Reference solutio" (a) Dissolve 0.100 g of o-ospanic acid R
(impurity A) in waterR and dilute to 100.0 mL with the
same solvent.

Reference solutio" (b) Dissolve 0.120 g of the substance to
be examinedin 90 mL of water R, add 0.3 mL of reference
solution (a) and dilute to 100 mL with water R.
Reference solution (c) Dilute 0.3 mL of reference solution (a)
to 100.0 mL with water R.

"""" "" "" """"

215533-00-9

• 2~O

324.5

Centrifuge and use the supernatant as the test solution.
Retain a portion for use in the assay for magnesium oxide.

Carry out the complexometric titration of aluminium
(2.5.11). Carry out a blank determination.

1 mL of 0.1 kI sodium edetare is equivalent to 5.098 rng of
Al,03'
Magnesium oxide
Transfer 100.0 mL of the [est solution obtained in the assay
for aluminium oxide to a conical flask, add 25 mL of a
50 per cent VIV solution of triethanolamine R and shake.
Add 25 mL of ammonium chloride buffer solulio" pH 10.7 R
and 40 rngof mordant black 11 (riUlrate R. Titratewith 0.1 .1\1
sodium ecktate until the colour changes from violet to pure
blue.

1 mL of 0.1 M sodium edetate is equivalent to 4.030 mg of
MgO.

STORAGE
In an airtight container.

LABELLING
The labelSlates the typeof magnesium alwninometasilicate.

FUNCTIONALITY-RELATED CHARACTERISTICS
Thissection provides infonnation on charaaeristics that are
recognised as being relevant control parameters foroneor more
junctions of the substance when used as an excipient (see chapter
5. /5). Some of thecharcuw1sr;a desctibed in the FWlCtionality­
related charaaeriuics section may alsobepresent in the mandatory
port of the mOllograph since they abo represent mandatory quali!)l
crueria: In such cases, a cross-reference to the tests described in the
mandatory pan is induded in the Functionality-related
charaaeristics section. Control of the characteristics can amtribure
co the quali!)l of a medicinal product by improvi"g the consistency
of the mansfactutingprocess and thepeifonnance of themedicinol
product during use. Where control methods arecited, they are
recognised as being suitable for the purpose, but other methods can
also be used. U7herever results for a particular charactetiuic are
reported, the control methodmust be indicated.
The following characteristics may be relevant for magnesium
aluminomerasiJicate usedas glidant in tablets and capsules.

Parncfe-slze distribution (2.9.31)

Specific surface area (2.9.26, Method1)

(Magllesium Asportate Dihydrate, Ph. Bur.
mOllograph 1445)

Magnesium Aspartate

CSHI2.MgN"20S,2H20
Pl>E<I ~_

DEFINITION
Magnesium bis[(3S)-3-amino-3-carboxypropanoate]
dihydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).
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Column:
- size: I =0.15 ffi,0 = 4.6 mm;
- stationary phase: L-pem"cillamine coated silica gelfor chiral

separations R (5 ~m);

- temperature: 30 °C.

Mobile phase 2-propa",,1 R, 0.5 gIL solution of copper sulfate
penrahydrate R (5:95 VIV).
FbJw rate 1.0 mUmin.
Detection Spectrophotometer at 230 run.

Inieaion 20 ~L.

Relativeretention With reference to magnesium aspartate
(retention time = about 12 min): impurity A = about 0.85.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and magnesium aspartate.

Calculation of percentage content:
- for impurity A, use the concentration of impurity A in

reference solution (c).

Limit:
- impurity A: maximum 0.3 per cent.

Other dicarboxylic acids
Liquid chromatography (2.2.29).

Test solution Dissolve 0.600 g of the substance to be
examined in 2.0 mL of a 618 gIL solution of hydrochloric
acidR and dilute 10 10.0 mL with water R.
Reference solution (a) Dissolve 20.0 mg of malic acidR
(impurity B) in waterR and dilute to 20.0 mL with the same
solvent.
Reference solution (b) Dissolve 10.0 mg of maleic acid R
(impurity l) in waterR and dilute to 10.0 mL with the same
solvent. Dilute 1.0 mL of the solution to 10.0 mL with
waterR.
Reference solution (c) Dilute I mL of reference solution (b)
to 10 mL with reference solution (a).

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with waterR.
Reference solution (e) Dissolve 10 mg offumaricacidR
(impurity C) in water R and dilute to 10 mL with the same
solvent. Dilute 1 mL of the solution to 100 mL with waterR.
Column:
- size: 1= 0.30 m, 0 ;;;: 7.8 mm;
- stationary phase: cation-exchange resin R (9 JAm);
- temperature: 30 "C.

Mobile phase 0.39 gIL solution of su/furi< acid R.

FbJw rate 0.6 rnUmin.

Detection Spectrophotometer at 214 nm.

Injection 10 ~L.

Run time 4 times the retention time of impurity I.
Idendfication ojimfJUrities Use Ihe chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities B and I; use the chromatogram obtained with
reference solution (e) to identify the peak due to impurity C.

Relative retention With reference to impurity I (retention
time = about 7.5 min): impurity B =about 1.2;
impurity C = about 2.0.

System suitabiJi~ Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurities I and B.

Calculation of percentage contents:
- for impurities C and I, use the concentration of impurity I

in reference solution (b).

Magnesium Aspartate II-179

- for impurities other than C and I J use the concentration
of impurity B in reference solution (d).

Limits:
- impun·ry C: maximum 0.10 per cent,
- impun'O'I: maximum 0.10 per cent;
- unspecified impun'ties: for each impurity, maximum

0.10 per cent;
- IOUZ/: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method I.

The concentrations of the test and reference solutions may
be adapted according to the sensitivity of the equipment
used. The concentrations of all solutions are adjusted so that
the system suitability requirements described in general
chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between aUsolutions as described.

Solution A dilute hydrochlcric add R1 or a sample preparation
buffer suitable for the apparatus used.

Test solution Dissolve 35.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solution A.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 2.0 mL of this solution to
10.0 mL with solution A.

Reference solution (b) Dissolve 30.0 mg of proline R in
solution A and dilute to 100.0 mL with solution A. Dilute
1.0 mL of this solution £0 250.0 mL with solution A.
Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (100 ppm NH.,J R to 50.0 mL with solution A. Dilute
1.0 mL of this solution to 100.0 mL with solution A.

Reference solurWn (d) Dissolve 30 mg of isoleucine Rand
30 mg of leucine R in solution A and dilute to 50 mL with
solution A. Dilute I mL of the solution to 200 mL with
solution A.

Blank solutUm Solution A.
Inject suitable, equal amounts of the test solution, blank
solution and reference solutions (a), (b) and (d) into the
amino acid analyser. Run a program suitable for the
determination of physiological amino acids.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

isoleucine and leucine.

Calculation of percentage ronrent.s:
- for any ninhydrin-positive substance detected at 570 nm,

use the concentration of magnesium aspartate dihydrate in
reference solution (a);

- for any ninhydrin-positive substance detected at 440 nm,
use the concentration of proline in reference solution (b);
if a peak is above the reporting threshold at both
wavelengths, use the result obtained at 570 om for
quantification.

Limits:
- any ninhydnn-positive substance: for each impurity)

maximum 0.10 per cent;
-" total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Chlorides (2.</.4)
Maximum 200 ppm.

Dilute 10 mL of solution S to 15 mL withwaterR.
Sulfates (2.4.13)
Maximum 500 ppm.
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Dilute 12 mL of solution S to 15 mL with distilled water R.
Carry out the evaluation 'of the test after 30 min.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following modification.
Injuu"on Test solution, reference solution (e) and blank
solution.
Limit:
- ammonium at 570 tIm: not more than twice the area of the

corresponding peakin the chromatogram obtainedwith
reference solution (e) (0.04 per cent), taking into account
the peakdue to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 50 ppm.
In a separating funnel, dissolve 0.20 g in 10 mL of dilute
hydrochloric acidR. Shake with 3 quantities, each of 10 mL,
of methylisobutyl ketone R1, shaking for 3 min each time.
To the combined organic layers add 10 mL of water Rand
shake for 3 min. Use the aqueous layer.

Water (2.5.12)
10.0 per cent to 16.0 per cent, determined on 0.100 g.

Dissolvethe substance to be examined in a mixture of 2 mL
of anhydrous methanol Rand 10 mL offonnamide R1 at 50"C
protected from moisture. AUow to cool. Carryout a blank
determination.

ASSAY
Dissolve0.260 g in 10 mL of waterR and carry out me
complexometric titration of magnesium (2.5.11).
1 mL of 0.1 M sodium edelate is equivalenr to 28.85 mg of
C.HI2MgN20 •.

IMPURITIES
Spedfiedimpurities A, C, I.
Other dete<tab/e impurities (thefollowing substances would, if
present at a sufficiem level, be detected by oneor otherof the tests
in the monograph. They arelimited by thegeneral acceptance
criterion forotherlunspecified impurities and/or by the general
monograph Substances for pharmauuti<aI use (2034). Ir is
therefore not necessary lQ identify these impun"ties jor
demonstration of compliance. See also 5.10. Comrol of~'mpuniies

in substances for pharmaceutical use) B, D, E, F, 0, H.

A. (2R)-2-aminobutanedioic acid (u-aspartic acid),

HO H
H~C~ andenenuorner

CO,H

B. (2RS)-2-hydroxybu,anedioic acid (malic acid),

Ho,C~Co,H

C. (2E)-bu'-2-enedioic acid (fumaric acid),

D. (2S)-2-aminopentanedioic acid (glutamic acid),

2022

E. (2S)-2-aminopropaooic acid (alaoine),

Ho,C~co,H

F. buranedloic acid (succinic acid),

G. (2S)~2,5-diamino-5-oxopentanoic acid (r-glutamlne),

H. (2S)-2,4-diamino-4-oxobutanoic acid (asparagine),

('Co,H
Co,H

I. (2Z)-but-2-enedioic acid (maleic acid)..
___________________ PIIE"

Heavy Magnesium Carbonate
(ph. Bur. monograph 0043)

Acdon and use
Antacid; osmotic laxative.

Preparations
Calciwn Carbonate and Heavy Magnesium Carbonate
Chewable Tablets

Compound Magnesium Trisilicate Oral Powder

PIlE" _

DEFINITION
Hydrated basic magnesium carbonate.

Content
40.0 per cenr ro 45.0 per cent, calculated as MgO
(M,40.30).

CHARACTERS
Appearance
Whiteor almost whitepowder.

Solubility
Practically insoluble in water. It dissolves in dilute acids with
effervescence.

IDENTIFICATION
A. Bulk density (2.9.34): minimum 0.25 gfmL.
B. Ir gives the reaction of carbonates (2.3.1).

C. Dissolve about 15 mg in 2 mL of dilute niuic add Rand
neutralise withdilute sodium hydroxide solution R. The solution
gives the reaction ofmagoesium (2.3.1).

TESTS
Solution S
Dissolve5.0 g in 100 mLof dilute acetic acidR. When the
effervescence has ceased, boil for 2 min, allow to cool and
dilute to 100 mL withdilute acetic acid R. Filler, if necessary,
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througha previously ignited and taredporcelainor silica filter
crucible of suitable porosity to give a clear filtrate.

Appearance of solution
Solution S is not more intensely coloured than reference
solution B. (2.2.2, Method If).

Soluble substances
Maximwn 1.0 per cent.
Mix 2.00 g with 100 mL of waterR and boil for 5 min. Filter
whilst hot through a sintered-g1ass Iilter (40) (2.1.2), allow to
cool and dilute to 100 mL with water R. Evaporate 50 mL of
the filtrate to dryness and dry at 100-105 'C. The residue
weighs not more than 10 mg.

Substances insoluble in acetic acid
Maximum 0.05 per cent.
Any residue obtained during the preparation of solution S,
washed, dried, and ignited at 600 ± 50 °C, weighs not more
than 2.5 mg.

Chlorides (2.4.4)
Maximum 700 ppm.

Dilute 1.5 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 0.6 per cent
Dilute 0.5 mL of solutionS to 15 mL with distilkJ water R.

Calcium (2.4.3)
Maximum 0.75 per cent.

Dilute 2.6 mL of solution S to 150 mL with distilled waterR.
15 mL of the solution complies with the test,

Iron (2.4.9)
Maximum 400 ppm.

Dissolve 0.1 gin 3 mL of dilute hydrochlom acid R and dilute
to 10 mL withwaterR. Dilute 2.5 rnL oCthe solution to
10 mL with waterR.

ASSAY
Dissolve 0.150 g in a mixture of 2 mL of dihue hydrochlori<
acid Rand 20 mL of water R. Carryout the complexometric
titration of magnesium (2.5.11).

I mL of 0.1 M sodium edetate is equivalent to 4.030 mg
ofMgO.

FUNCTIONAliTY-RELATED CHARACTERISTICS
This section provides infowotion on characteristics that are
recognised as being relevant control parameten for oneor more
functions of thesubstance when used as an excipient (see chapter
5.15). Some of the characteristics described in the Functionality­
related characteristics section may also bepresent in themandawry
pan of the monograph since theyalso represent mandatory quality
cruetia. In such cases, a cross-reference to the tests described in the
mandatory pan is included in the FunctionalilJl-related
characteristics section. Control of the charaaenstics can contribute
to Ihequalityof a medicinal product by imprwing theconsistency
of themanufacturing process and theper/annona of the medicinal'
product duringuse. Whcnl! control methods arecited, they are
recognised as being suitable for the purpose, butothermethods Ciln
also be used. Wherever results for a particular characteristic are
reponed, the control method must be indicated.
Thefollowing characteristics may be relevant for heavy magnesium
carbonate usedas filler in tablets.

Particle-size distribution (2.9.31 or 2.9.3/f)

Bulk and tapped densIty (2.9.34)
____________________ PhE"

Magnesium Carbonate II-I81

Light Magnesium Carbonate
(Ph. Eur. monograph 0042)

Action and use
Antacid: osmotic laxative.

Preparations
Aromatic Magnesium Carbonate Mixture

Kaolin Mixture
Magnesium Sulfate Mixture
.Magnesium Trisilicate Mixture

PhE" __~~ ~ _

DEFINITION
Hydrated basic magnesium carbonate.

Content
40.0 per cent to 45.0 per cent, calculated as MgO
(M,40.30).

CHARACTERS
Appearance
White or almostwhitepowder.

Solubility
Practically insoluble in water. It dissolves in dilute acids with
effervescence.

IDENTIFICATION
A. Bulk density (2.9.34): maximum 0.15 glmL.
B. It gives me reaction of carbonates (2.3.1).
C. Dissolve about 15 mg in 2 mL of dilute nimc acid Rand
neutralise with dilute sodium hydroxide solution R. The solution
gives the reaction of magnesium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in 100 mL of dilute acetic acid R. When the
effervescence has ceased) boil for 2 min, allowto cool and
diluteto 100 mL withdilute acetic acid R. Filter, if necessary,
through a previously ignited and tared porcelain or silica filter
crucible of suitable porosity to give a clear filtrate.

Appearance of solution
Solution S is not more intensely coloured thanreference
solution B. (2.2.2, MethodIf).

Soluble substances
Maximum 1.0 per cent
Mix 2.00 g with 100 mL of waterR and boil for 5 min. Filter
whilst hot through a sintered-g1ass Iilter (40) (2.1.2), allow to
cool and dilute to 100 mL with waterR. Evaporate 50 mL of
the Iiltrate to dryness and dry at 100-105 'C. The residue
weighs a maximum of 10 mg.

Substances insoluble in acetic acid
Maximum 0.05 percent.
Any residue obtained during the preparation of solution S,
washed, dried and ignited at 600 ± 50 "C, weighs a
maximum of 2.5 mg.

Chlorides (2.4.4)
Maximum 700 ppm.

Dilute 1.5 mL of solution S to 15 mL with woterR.

Sulfates (2.4.13)
Maximum 0.3 per cent.
Dilute I mL of solution S to 15 mL with distiUed waterR.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 10 mL of solution S.
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Ph£<r _

____________________ ""£<1

Action and use
Used in the treatment of electrolyte deficiencies and in
dialysis solutions.

Preparation
Magnesium Chloride Injection

c. It gives the reaction of magnesium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distilled waterR and dilute to 100.0 rnL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethadII).

Acidity or alkalinity
To 5 rnL of solution S add 0.05 mL of phenol redsolution R.
Not more than 0.3 mL of 0.01 M hydrochlo";'; acidor 0.01 M
sodium hydroxide is required to change the colourof the
indicator.

Bromides
Maximum 500 ppm.

Dilute 2.0 mL of solution S to 10.0 mL with waterR.
To 1.0 mL of this solution add 4.0 mL of wawrR, 2.0 mL
of phenol red solution R3 and 1.0 rnL of chloramine solution R2
and mix immediately. After exactly 2 min, add 0.30 mL of
0.1 M sadium thiandfale, mix and dilute to 10.0 mL with
waterR. The absorbance (2.2.25) of the solution measured at
590 nm, using waterR as the compensation liquid, is not
greater than that of a standard prepared at the same time and
in the same manner using 5.0 mL of a 3 mgIL solution of
potassium bromide R.
Sulfates (2.4.13)
Maximum 100 ppm, derermlned on solution S.

Aluminium (2.4.17)
Maximum I ppm, if intended for use in the manufacture of
peritoneal dialysis solutions, haemodialysis solutions, or
haemofiltration solutions.
Prescribed solution Dissolve 4 g in 100 mL of waterR and
add 10 mL of aatale buffer solution pH 6.0 R.

Reference solution Mix 2 mLof aluminium standard solution
(2 ppm AI) R, 10 mL of acetale buffer solution pH 6.0 Rand
98 mL of walerR.

Blank solution Mix 10 rnL of aat"Ie buffer solution pH 6.0 R
and 100 mL of water R.

Calcium (2.4.3)
Maximum 0.1 percent.
Dilute I mL of solution S to 15 mL with distined water R.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.
Potassiwn
Maximum 500 ppm, if intended for use in the manufacture
of parenteral preparations.
Atomic emission spectrometry (2.2.22, MethadI).

Testsolution Dissolve 1.00 g in waterR and dilute to
100.0 mL with the same solvent.

Reference solutions Prepare the reference solutions using the
following solution) diluted as necessary withwaterR: dissolve
1.144 g of potassium chloride R, previously dried at
100-105 °C for 3 h in water R and dilute to 1000.0 mL with
the same solvent (600 ~g of K per millilitre).

Wavelength 766.5 run.

Water (2.5.12)
51.0 per cent to 55.0 percent, determined on 50.0 mg.

ASSAY
Dissolve 0.300 g in 50 mL of water R. Carry out the
complexometric titration of magnesium (2.5.11).

7791-18-6

Magnesium Chloride Hexahydrate
(ph. Bur. monograph 0402)

MgCl,,6H,O 203.3

DEFINITION
Content
98.0 per cent to 101.0 per cent of MgCI,.6H,O.

CHARACTERS
Appearance
Colourless crystals, hygroscopic.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
A. Water (see Tests).

B. It gives reaction (a) of chlorides (2.3.1).

Calcium (2.4.1)
Maximum 0.75 per cent.

Dilute 2.6 mL of solution S to 150 mL with disti/led water R.
15 mL of the solution complies with the test.

Iron (2.4.9)
Maximum 400 ppm.

Dissolve 0.1 g in 3 mL of dilule hydrochloric acidR and dilute
to 10 mL with water R. Dilute 2.5 mL of this solution to
10 mL with waterR.

ASSAY
Dissolve 0.150 g in a mixture of 2 mL of di/ule hydrochloric
add Rand 20 mL of water R. Cany out the complexomerric
titration of magnesium (2.5.11).

1 mL of 0.11\1 sodium edeuue is equivalent to 4.030 mg
of MgO.

FUNCTIONALITY-RELATED CHARACTERISTICS
Thisseaion prof/ides infonnation on characteristics that are
recognised as being relevant amtrOl parameters for om or more
funClUms of thesubstance when used as an excipient (see chapter
5.15). Some of the characterutics descn'bed in the Functionaliry­
related characteristics seaion may also bepresent in the mandatory
part of themonograph since theyalso represent manMtory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is included in the FuncUonah"ty-relartd
characteristics section. Control of the charaaeristks can rontribute
to the qualityof a medicinal product by improving thee<msisrency
of the manufacturing process and thepe/formance of themedicinal
product during use. Where control methods are eiud, thty art
IUOgnised as being suitable fo.r thepurpose~ butocher methods can
alsobeused. Wherewr results for a particular charaaeistic are
~ thecontrol method mustbe indicaud:
The following characteristics may berelevant for light magnesium
carbonale usedasfiller in oralsolid dosage forms.

Particle-size distribution (2.9.31 or 2.9.38)

Bulk and tapped density (2.9.34)
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PhEor _~ _

____________________ PhE<r

1 mL of 0.1 AI sodium edetate is equivalent [0 20.33 mg of
MgCI,.6H,O.

STORAGE
In an airtight container.

LABELLING
The label states:
- whereapplicable] that me substance is suitable for use in

the manufacture of peritoneal dialysis solutions,
haemodialysis solutions or haemofiltration solutions,

- whereapplicable, that the substance is suitable for use in
the manufacture of parenteral preparations.

DEFINITION
Content
52.5 per cent to 55.5 per cent (calculated on an as-is basis,
without allowing for the results of the test for water).

CHARACTERS
Appearance
White or almostwhite, hygroscopic, granular powder.

Solubility
Verysolublein water, freely soluble in ethanol (96 per cent).

IDENTIFICAnON
A. Water (see Tests).
B. It gives reaction (a) of chlorides (2.3.1).
C. It gives the reaction of magnesium (2.3.1).

TESTS
Solurlon S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distilled water R and dilute to 100.0 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or alkalInity
To 5 mL of solution S add 0.05 mL of phenol redsolution R.
Not more than 0.3 mL of 0.01 M hydrochloric acidor 0.01 M
sodium hydroxide is required to change the colourof the
indicator.

Bromides
Maximum 500 ppm.
Dilute 2.0 mL of solution S to 10.0 mL with water R.
To 1.0 mL of the solution add 4.0 mL of water R, 2.0 mL of
phenol redsolution R3 and 1.0 mL of chloramine solution R2
and mix immediately. After exactly 2 min, add 0.30 mL of
0.1 M sodium thwsulfate, mix and dilute to 10.0 mL with
waterR. The absorbance (2.2.25) of the solutionmeasured at
590 run, usingwaterR as the compensation liquid, is not
greater than that of a standard prepared at the same timeand
in the same manner using 5.0 mL of a 3 mgILsolutionof
potassium bromide R.

Sulfates (2.4.13)
Maximum 100 ppm, determined on solutionS.

Aluminium (2.4.17)
Maximum I ppm, if intended foruse in the manufacture of
peritoneal dialysis solutions, haemodialysis solutions, or
haemofiltration solutions.
Prescribed solution Dissolve4 g in 100 mL of waterRand
add 10 mL of aatate buffer solution pH 6.0 R.
Reference solution Mlx 2 mL of aluminium standard solution
(2 ppm AI) R, 10 mL of acetate buffersolution pH 6.0 Rand
98 mL of water R.
Blank solution Mix 10 mL of aatate buffer solution pH 6.0 R
and 100 mL of waterR.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 0.5 g.

Calcium (2.4.3)
Maximum 0.1 per cent.
Dilute I mL of solution S to 15 mL withdistiOed water R.

Iron (2.4.9)
Maximum 10 ppm) determined on solutionS.

Potassium
Maximum 500 ppm, if intended for use in the manufacture
of parenteral preparations.
Atomic emission spectrometry (2.2.22, MethodI).

Testsolution Dissolve 1.00 g in waterR and dilute to
100.0 mL wirh the samesolvent.
Reference solutions Prepare the reference solutions using the
following solution, diluted as necessary with waterR: dissolve
1.144 g of potassium chloride R, previouslydried at
100-105 ·C for 3 h, in waterR and dilute to 1000.0 mL with
the same solvent (600 ~g of K per millilitre).

Wavelength 766.5 nm.

Water (2.5.12)
44.0 per cent co 48.0 per cent, determined on 50.0 mg.

ASSAY
Dissolve 0.250 g in 50 mL of water R. Carry out the
complexomettic titration of magnesium (2.5.11).
1 mL of 0.1 M sodium edetate is equivalent to 9.521 mg
of MgCI,.

STORAGE
In an airtight container.

LABELLING
The label states:
- where applicable, that the substance is suitable for use in

the manufacture of peritoneal dialysis solutions,
haemodialysis solutions or haemofiltration solutions;

- where applicable, thatthe substance is suitable for use in
the manufacture of parenteral preparations.

________~ PhEor

**** ** ** ****
Partially Hydrated Magnesium
Chloride
(Magnesium Chloride 4.5-Hydrate, Ph. Bur.
monograph 1341)

MgCI~H,O with x '" 4.5 95.21
(anhydrous substance)
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Magnesium Citrate
AnhydrousMagnesium Citrate

(Ph. Eur. monograph 2339)

**** ** ** ****

2022

ASSAY
Dissolve 0.150 g in 50 mL of water R. Carry out the
complexometric titration of magnesium (2.5.11).
1 mL of 0.1 M sodium edetate is equivalent to 2.431 mg of
Mg.

STORAGE
In a non-metallic, airtight container.
____________~ PIlE"

451.1 3344-18-1
PIIEu _

DEFINITION
Trimagnesium bis(2-hydroxypropane-l,2,3-tricarboxylate).

Content
15.0 per cent to 16.5 per cent of Mg (dried substance).

CHARACTERS
Appearance
White or almost white, fine, slightly hygroscopic powder.

Solubility
Soluble in water, practically insoluble in ethanol
(96 per cent). It dissolves in dilutehydrochloric acid.

IDENTIFICATION
A. It gives the reaction of citrates (2.3.1).
B. It gives the reaction of magnesium(2.1.1).
C. pH (see Tests).

D. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR, heating at 60°C,
cool and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent thanreference
suspension ill (2.2.1) and not more intensely coloured than
reference solutions Y7 or BY6 (2.2.2, Method /1).

pH (2.2.3)
6.0 '0 8.5 for solution S.

Oxalates
Maximum 280 ppm.

Dissolve 0.50 g in 4 mL of waterR. Add 3 mL of hydrachlori<
acid R and 1 g of activated zincR. Allowto stand for 5 min.
Transfer the liquid '0 a tube containing 0.25 mL of a 10 gIL
solution of phenylhydrazine hydrochlotide R. Heat '0 boiling.
Cool rapidly, transfer to a graduated cylinder and add an
equal volume of hydrochloric add Rand 0.25 mL of potassium
fenicyanide solution R. Shake and allowto stand for 30 min.
Any pinkcolour in me solution is not more intense man that
in a standard prepared at me same time and in the same
manner using 4 ml, of a 50 mgILsolutionof oxalic acidR.
Sulfates (2.4.13)
Maximum 0.2 per cent.
Dilute 1.5 mL of solution S to 15 mL with distilkdwat" R.

Calcium (2.4.3)
.Maximum 0.2 per cent.
Dilute 1.0 mL of solution S to 15 mL with distilled waterR.

Iron (2.4.9)
Maximum 100 ppm.

Dilute 2.0 mL of solution S to 10 mL with distilled water R.

Loss on drying (2.2.32)
Maximum 3.5 per cem, determined on 1.000 g by drying in
an oven at 180 ± 10 °C for 5 h.

Magnesium Citrate Dodecahydrate
(Ph. Eur. monograph 2401)

[
HOC02 ]

-o,C~Co,- z

451.1 (anhydrous substance)

PIIEu _

DEFINITION
Trimagnesium bis(2-hydroKYPropane-I,2,3-tricarboxylate)
dodecahydrate.

Content
15.0 per cent to 16.5 per cent of Mg (dried substance).

CHARACTERS
Appearance
Whiteor almost white, finepowder.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent). I' dissolves in dilute hydrochloric acid.

IDENTIFICATION
A. It gives the reaction of citrates (2.3.1).

B. It gives the reaction of magnesium (2.3.1).

C. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 2.5 g in 15 mL of dilute hydrochloric acidR with
heating. Cool and dilute to 100 mL with distilled waterR.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, Method If).

pH (2.2.3)
6.0 '0 8.5.
Disperse 5.0 g in corban dioxide-free water R and dilute to
100 mL with the same solvent. Centrifuge and measure the
pH of me clear supernatant.

Oxalates
Maximum 280 ppm.

Dissolve 0.50 g in a mixture of 3 mL of hydrochloric add R
and 4 mL of water R and add 1 g of aaivated zinc R. Allow
to stand for 5 min. Transfer the liquid to a tube containing
0.25 mL of a 10 gIL solution of phenylhydrazine
hydrathloride R. Heat to boiling. Cool rapidly, transfer to a
graduated cylinder and add an equal volume of hydrochloric
acid Rand 0.25 mL of potassium fetricyanide solurion R. Shake
and allow to stand for 30 min. Anypinkcolour in the
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___________________ PhE"

pH (2.2.3)
6.0 to 8.5.

Disperse 5.0 g in carbon dioxide-free water R and diluteto
100 mL with the same solvent. Centrifuge and measure the
pH of the clearsupernatant.

Oxalates
Maximum 280 ppm.

Dissolve 0.50 g in a mixture of 3 mL of hydroehlori< acid R
and 4 mL of waterR and add 1 g of aaiomed zinc R. Allow
to standfor 5 min. Transfer the liquid to a tube containing
0.25 mL of a 10 gIL solution of pheriYlhydrazine
hydrochloride R. Heat to boiling. Cool rapidly, transfer to a
graduated cylinder and add an equal volume of hydrochloric
acidR and 0.25 mL of potassium fen*yanUk sohnion R. Shake
and allow to stand for 30 min. Any pink colour in the
solutionis not more intense than thatof a standard prepared
at the same time and in the same manner using4 mL of a
50 mgfL solution of oxalic acidR.
Sulfates (2.4.13)
Maximum 0.2 per cent.

Dilute 3.0 mL of solution S to 15 mL with distilled water R.

Calcium (2.4.3)
Maximum 0.2 percent.

To a mixture of 2 mL of solution Sand 8 mL of distilled
water R, add about 0.2 mL of ammonia R and dilute to

15 mL with disnned warer R.

Iron (2.4.9)
Maximum 100 ppm.

Dilute 4.0 mL of solution S to 10 mL with distilled water R.

Loss on drying (2.2.32)
24.0 to 28.0 per cent, determined on 1.000 g by drying in an
oven at 180 ± 10 °C for 5 h.

ASSAY
Dissolve 0.200 g in 5 mL of dilute hydrochloric acidR with
heating. Cool and add 50 mL of WQleI' R. Adjust to pH 7.0
with ammonia R. Carry out the complexometric titration of
magnesium (2.5.11).

I mL of 0.1 M sodium <derate is equivalent to 2.431 mg of
Mg.

(Ph. Bur. monograph 2161)

[

HO H Co,-]

1:0... --OH
MgZt HO' -, H

HO H
HO a

Magnesium Gluconate

C12H"MgO.....HaO 414.6
(anhydrous substance)

PhE" _

____________________ PhE"

DEFINITION
Anhydrous or hydrated magnesium bis[(2R,3S,4R,5R)­
2,3,4,5,6-pentahydroxyhexanoate] (anhydrous or hydrated
magnesium di(D-g1uconate».

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

153531-96-5613Mg,(CoH,O,h,9H,O
PhE" _

solution is not more intense than mat of a standard prepared
at the same time andin the same manner using 4 mL of a
50 mgIL solution of oxalic acidR.

Sulfates (2.4.13)
Maximum 0.2 per cent.

Dilute 3.0 mL of solution S to 15 mL with disnned waterR.

Calcium (2.4.3)
Maximum 0.2 per cent.
To a mixture of 2 mL of solution Sand 8 mL of distilled
waterR, addabout 0.2 mL of ammcmia R and dilute to

15 mL with distilled water R.

Iron (2.4.9)
Maximum 100 ppm.

Dilute 4.0 mL of solution S to JO mL with disu'Oed waterR.

Loss on drying (2.2.32)
29.0 per cent to 36.0 per cent, determined on 1.000 g by
drying in an oven at 180 ± 10 °C for 5 h.

ASSAY
Dissolve 0.200 gin 5 mL of dilute hydrochloric acidR with
heating. Cool and add 50 mL of water R. Adjust to pH 7.0
with ammonia R. Carry our the compJexometric titration of
magnesium (2.5.11).

I mL of 0.1 M sodium edeuue is equivalent to 2.431 mg of
Mg.

DEFINITION
Trimagnesium bis(2-hydroxypropane-I,2,3-tricarboxylate)
nonahydrate.

Content
15.0 per cent to 16.5 per cent of Mg (dried substance).

CHARACTERS
Appearance
Whiteor almost white, fine powder.
Solubility •
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent). It dissolves in dilute hydrochloric acid.

IDENI1FICATION
A. It gives the reaction of citrates (2.3.1).

B. It gives the reaction of magnesium (2.3.1).

C. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 2.5 g in 15 mL of dilute hydrochloric acid R with
heating. Cool and dilute to 100 mL with distined waterR.

Appearance of solution
Solution S is clear (2.2.1) andnot more intensely coloured
than reference solution BY. (2.2.2, Methodll).

(Ph. Bur. monagraph 2402)

Magnesium Citrate Nonahydrate
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___________________ I'fIE1l

P1I8I _

H OH
HO\/OP'
~""P-o·

"o
andenanliomer

194.4

and Mg2~

o 0-.,
Mg2' o ... P...... o·

HO~OH

(Ph. Eur. monograph 1446)

IDENTIFICATION
A. Mix I g with I g of potassium hydrogen sulfate R in a test
tube fitted with a glass tube. Heat strongly and direct the
white vapour towards a piece of filter paper impregnated with
a freshly prepared 10 gIL solution of sodium nitroprusside R.
The filter paperdevelops a blue colour in contactwith
piperidine R.
B. Ignite 0.1 g in a crucible. Take up the residue with 5 mL
of nMc acidR and heat on a water-bath for 1 min. Filter.
The filtrate gives reaction (b) of phosphates (2.3.1).

C. It gives the reaction of magnesium (2.3.1).

TESTS
SolutIon S
Dissolve 2.5 g in carbon dioxide-fru water R prepared from
distilled water R and dilute to 50 mL with the same solvent.

App~nceofsmutlon

Solution S is not moreopalescent thanreference
suspension ill (2.2.1).

Acidity
Dissolve 1.0 g in 100 mL of rarbon dioxide-free waterR.
Add 0.1 mL of phenolphrhalein solution R. Not more than

DEFINITION
Mixture, in variable proportions) of magnesium salts of (RS)­
2,3-dihydroxypropyl phosphate and 2-hydroxy-l­
(bydroxymethyl)ethyl phospbate, which may be hydrated.

Content
11.0 per Cent to 12.5 per cent of Mg (dried substance).

CHARACTERS
Appearance
White or almost whitepowder, bygroscopic.

Solubility
Practically insoluble in ethanol (96 per cent). It dissolves in
dilute solutions of acids.

Magnesium Glycerophosphate

ASSAY
Dissolve 0.350 g in 100 mL of water R and carry out the
complexometric titration of magnesium (2.5.11).

I mL of 0.1 M sodium edetate is equivalent to 41.46 mg
of C I2H22MgO".

STORAGE
In an airtight container.

Action and use
Excipient.

Preparations
Magnesium Glycerophosphate Chewable Tablets

Magnesium Glycerophosphate Oral Solution

CHARACTERS
Appearance
White or almostwhite, amorphous, hygroscopic, crystalline
or granular powder.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent), very slightly soluble in methylene chloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in 1 mL of water R.
Reference sO/Ulion Dissolve 20 mg of calcium g/uconate CRS
in 1 mL of water RJ heating if necessary in a water-bath at
60°C.

Plate TLC silira gelplate R (5-40 JIIIl) [or TLC silica gel
plate R (2-10 umj].
Mobile phase concentrated ammonia R, elhylacetate R,
water R, erhanol (96 per cent) R (10:10:30:50 VIVIVIJI).

Appliralion I IlL.
Deoelopmenc Over 3/4 of the plate.

Drying At 105°C for 20 min, thenaUow to cool to room
temperature.
Detection Spray with a solution containing 25 gIL of
ammonium molybdate R and 10 gIL of cerium sulfate R in dilute
sulfuric add R, then heat at 105 °C for about 10 min.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position,colourand size to
the principal spot in the chromatogram obtainedwith the
reference solution. .

B. To 10 mL of solution S (see Tests) add 3 mL of
ammonium chloride solution R. A slight opalescence may be
observed. Add 10 mL of disodium hydrogen phosphate
solutWn R. A white precipitate is formed that does not
dissolve upon the additionof 2 mL of dilute ammonia Rl.

TESTS
Solution S
Dissolve 1.0 g in water R and dilute to 50 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Merhod II).

Sucrose and reducing sugars
Dissolve 0.5 g in a mixture of 2 mL of hydrochloric add RI
and 10 mL of waterR. Boil for 5 min; allow to cool, add
10 mL of sodium carbonate sduuon R and allowto stand for
10 min. Dilute to 25 mL with waterR and filter. To 5 mL of
the filtrate add 2 mL of cupri-umanc solurion R and boil for
I min. Allow to standfor 2 min. No red precipitate is
formed.

Chlorides (2.4.4)
Maximum 500 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

Snlfates (2.4.11)
Maximum 500 ppm.

Dissolve 2.0 g in a mixtuse of 10 mL of acetic acid R and
90 mL of disrilkd water R.

Water (2.5.32)
Maximum 12.0 per cent, determined on 80 mg.

Microbial contamination
TAMC: acceptance criterion 103 CFU/g (2.6.12).

TYMe: acceptance criterion 102 CFU/g (2.6.12).
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PhEII _

____________________ PhEII

ASSAY
Dissolve 0.200 g in 40 mL of waterR. Corry out the
complexometric titration of magnesium (2.5.11).
I mL of 0.1 M sodium edetau is equivalent to 2.431 mg of
Mg.

STORAGE
In an airtight container.

DEFINITION
Content
95.0 per cent to 100.5 per cent of Mg(OH),.

CHARACTERS
Appearance
Whiteor almostwhite, fine, amorphous powder.

Solubility
Practically insoluble in water. It dissolves in dilute acids.

IDENTIFICATION
A. Dissolve about 15 mg in 2 mL of diluu nitric acid Rand
neutralise with diluu sodium hydroxide solution R. The solution
gives the reaction of magnesium (2.3.1).
B. Loss on ignition (see Tests).

TESTS
Solution S
Dissolve 5.0 g in a mixture of 50 mL of aceti< acidRand
50 mLof distilled water R. Not morethanslighteffervescence
is produced. Boil for 2 min, cool and dilute to 100 mL with
dlhue acetic acid R. Filter, if necessary, through a previously
ignited and tared porcelain or silica filter crucibleof suitable
porosity to givea clearfiltrate. Keep the residue for the test
for substances insoluble in aceticacid.

Appearance of solution
Solution S is not more intensely coloured than reference
solution B, (2.2.2, Me/hod II).

Soluble substances
Maximum 2.0 per cent.
Mix 2.00 g with 100 mL of water R and boil for 5 min. Filter
whilst hot through a sintered-glass filter (40) (2.1.2), allow to
cool and diluteto 100 mL withwater R. Evaporate 50 mL of
the filtrate to dryness and dry at 100-105 °C. The residue
weighsa maximum of 20 mg.

Substances insoluble in acetic acid
Maximum 0.1 per cent.
Any residue obtainedduring the preparation of solutionS,
washed, dried, and ignited at 600 ± 50 °C, weighs not more
than 5 mg.

Chlorides (2.4.4)
Maximwn 0.1 per cent.
Dilute 1 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 1.0 per cent.
Dilute 0.3 mL of solution S to 15 mL with distiJled waterR.

Calcium (2.4.3)
Maximwn 1.5 per cent.
Dilute 1.3 mL of solution S to 150 mL with dist~kd waterR.

Iron (2.4.9)
Maximum 0.07 per cent.
Dissolve 0.15 g in 5 mL of dilute hydrochloric acidRand
dilute to 10 rnLwith water R. Dilute 1 mL of the solutionto
10 mL with Water R.

Loss on ignition
29.0 per cent to 32.5 per cent.
Heat 0.5 g gradually to 900 ± 50°C and ignite to constant
mass.

ASSAY
Dissolve 0.100 g in a mixture of 2 mL of dilute hydrochloric
acidRand 20 mL of waterR. Cany out the complexometric
titration of magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 5.832 mg of
Mg(OH),.
____________________ I'/IEII

1309-42-8

Action and use
Antacid; osmotic laxative.

Preparations
Co-magaldrox OralSuspension
Co-magaldrox Tablets
Magnesium Hydroxide Mixture

(Ph. Bur. manograph 0039)

Mg(OHh 58.32

Magnesium Hydroxide

1.5 mL of 0.1 M sodium hydroxide is required to change the
colour of the indicator.

Glycerol and ethanol (96 per cent)-soluble substances
Maximum 1.5 per cent.

Shake 1.0 g with 25 mL of ethanol (96 per cent) R for 2 min.
Filterand washthe residue with 5 mL of ethancH
(96 per cen!! R. Combine the filtrate and the washings,
evaporate to dryness on a water-bath and dry the residue at
70°C for I h. The residue weighs a maximum of 15 mg.

Chlorides (2.4.4)
Maximum 0.15 per cent.

Dissolve 1.0 g in waterR and dilute to 100 mL with the
same solvent. Dilute 3.5 mL of this solutionto 15 mL with
waterR.

Phosphates (2.4.11)
Maximum 0.5 per cent.

Dilute 4 mL of solution S to 100 mL with water R. Dilute
1 mL of this solution to 100 mL withwater R.

Sulfates (2.4.13)
Maximum 0.1 per cent.
Dilute 3 mL of solution S to 15 mL with distilled waterR.

Iron (2.4.9)
Maximum 150 ppm.
Dissolve 67 mg in water R and diluteto 10 mL with the
same solvent.

Loss on drying (2.2.32)
Maximum 12.0 per cent, determined on 1.000 g by drying in
an oven at 150 °C for 4 h.
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II-I88 Magnesium Lactate Dihydrate

Magnesium Lactate Dihydrate
(Ph. Bur. monograph 2J60)

Mg" ["'C"v""-. COi],'. andenanuomer • 2 H20

H OH 2

**** ** ** ****

Heavy Magnesium Oxide
(Ph. Bur. monograph 0041)

MgO 40.30

Action and use
Antacid; osmotic laxative.

2022

***
* ** •
* ****

1309-4/H

238.5CoH.oMgO,,2H,O
PMr _

DEFINITION
Magnesium bis(2-hydroxypropanoate) or mixture of
magnesium (2R)-, (2S)- and (2RS)-2-hydroxypropanoate
dihydrate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline or granular powder.

SolubUlty
Slightly soluble in water, solublein boiling water, practicaUy
insoluble in ethanol (96 per cent).

IDENTIFICATION
A. It gives the reaction of lactates (2.3.1).
B. It gives the reaction of magnesium (2.3.1),

TESTS
Solution S
Dissolve 5.0 g with heating in carbon dirJxi<k.jree warer R
prepared from distiUed water R, allow to cool and diluteto
100 mL with the same solvent.

Appearance of solution
SolutionS is not moreopalescent thanreference
suspension IT (2.2.1) and not more intensely coloured than
reference solution BY, (2.2.2, MethodIf).

pH (2.2.3)
6.5 to 8.5 for solution S.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with warer R.

Sulfates (2.4.13)
Maximum 400 ppm.

Dilute 7.5 mL of solution S to 15 mL with distilled warer R.

Iron (2.4.9)
Maximum 50 ppm.

Dilute 4 mL of solution S to 10 mL with warer R.

Loss on drying (2.2.32)
14.0 per cent to 17.0 per cent, determined on 0.500 g by
drying in an oven at 125 "C.

ASSAY
Dissolve 0.180 g in waler R and dilute to 300 mL with the
samesolvent. Carry out the complexometric titration of
magnesium (2.5.11).

1 mL of 0.1 M sodium edeuue is equivalent to 20.25 mg
of C.RlO"'lgO•.
___________________ PI>Eut

Pl>Eut _

DEFINITION
Content
98.0 per cent to 100.5 per cent of MgO (ignited substance).

CHARACTERS
Appearance
Fine, whiteor almostwhite powder.

Solubllity
Practically insoluble in water. It dissolves in dilute acids with
at most slighteffervescence.

IDENTIFICATION
A. Bulk density (2.9.34): minimum 0.25 WmL.
B. Dissolve about 15 mg In 2 mL of dilute nitn"c acid Rand
neutralise with dilute sodium hydroxide solution R. The solution
gives the reaction of magnesium (2.3.1).

C. Losson ignition (see Tests).

TESTS
Solution S
Dissolve 5.0 g in a mixture of 30 mL of distilled warer Rand
70 mL of acetic add R, boil for 2 min, allow to cool and
dilute to 100 mL with dilute acetic acid R. Filter, if necessary,
through a previously ignited and tared porcelain or silica filter
crucible of suitable porosity to give a clear filtrate. Keep the
residue for the test for substances insoluble in aceticacid.

Appearance of solution
SolutionS is not more intensely coloured than reference
solution B, (2.2.2, Method If).

Soluble substances
Maximum 2.0 per cent.
To 2.00 g add 100 mL of walerR and boll for 5 min. Filter
whilst hot through a sintered-g1ass filter (40) (2.1.Z), allow to
cool and dilute to 100 mL with water R. Evaporate 50 mL of
the filtrate to dryness and dty at 100-105 'C. The residue
weighsa maximum of 20 mg.

Substances Insoluble In acetic acid
Maximum 0.1 per cent.
Any residue obtained during the preparation of solutionSJ
washed, dried and ignited at 600 ± 50 "C, weighs a
maximum of 5 mg.
Chlorides (2.4.4)
Maximum 0.1 per cent.
Dilute I mL of solution S to 15 mL with warer R.

Sulfates (2.4.13)
Maximum 1.0 per cent.
Dilute 0.3 mL of solution S to 15 mL with distiOed warer R.

Calcium (2.4.3)
Maximum 1.5 percent.
Dilute 1.3 mL of solution S to 150 mL with distilled warer R.
15 mL of the solution complies with the test.

Iron (2.4.9)
Maximum 0.07 per cent.
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____________________ PhE<I

PhE<I _

Action and use
Antacid; osmotic laxative.

Preparation
CompoundSodiwn Picosulfate Powderfor OralSolution

B. Dissolve about 15 mg in 2 mL of dilute ninic acid Rand
neutralise with dilute sodium hydroxide solution R. The solution
gives the reaction of magnesium (2.3.1).

C. Loss on ignition (see Tests).

TESTS
Solution S
Dissolve 5.0 g in a mixture of 30 mL of distilled waterR and
70 mL of acetic acidRJ boil for 2 min, aUow to cool and
dilute to 100 mL withdilute acetic acid R. Filter, if necessary,
through a previously ignited and tared porcelain or silica filter
crucible of a suitable porosity to give a clearfiltrate. Keep the
residue for the test for substances insoluble in acetic acid.

Appearance of solution
SolutionS is Dotmoreintensely coloured thanreference
solution B. (2.2.2, MethodIf).

~oluble substances
Maximwn 2.0 per cent.
To 2.00 g add 100 mL of water R and boil for 5 min. Filter
whilst hot through a sintered-glass filler (40) (2.1.2), allow '0
cool and dilute to 100 mL with waterR. Evaporate 50 mL of
the filtrate '0 dryness and dry a' 100-105 "C. The residue
weighs a maximwnof 20 mg.

Substances Insoluble In acetic aeld
Maximum 0.1 per cent.
Any residue obtained during the preparation of solution S,
washed, dried, and ignited a' 600 ± 50 "C, weighs a
maximum of 5 mg.

Chlorides (2.4.4)
Maximum 0.15 per cent.

Dilute 0.7 mL of solution S '015 mL with wat" R.

Sulfutes (2.4.13)
Maximwn 1.0 per cent.
Dilute 0.3 mL of solution S to 15 mL with disnned water R.

Calcium (2.4.3)
Maximwn 1.5 per cent.
Dilute 1.3 mL of solution S to 150 mL with distilled water R.
15 mL of this solution complies with the test.

Iron (2.4.9)
Maximwn 0.1 percent.
Dissolve 50 mg in 5 mL of dilute hydrochloric acidRand
dilute to 10 mL with waterR. Dilute 2 mL of this solution to
10 mL with waterR.

Loss on ignidon
Maximwn 8.0 percent, determined on 1.00 g at
900 ± 25 "C.

ASSAY
Dissolve 0.320 gin 20 mL of dilute hydrochlotic acidR and
dilute '0 100.0 mL with waterR. Using 20.0 mL of this
solution,carry out the complexometric titration of
magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent to 4.030 mg
ofMgO.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnalion on characteristics that are
recognised as being rdeoan: cqmrol parameters for oneormore
functions of the substance when usedas an excipien: (see chapter
5.15). Some of thecharacteristics described in the Functionality­
related characteristics section mqy alsobe present in the mandatory
part of the monograph since they also represent mandatory qua/iCy
criteria. In such cases, a cross-reference to tIu testsdescribed in the
mandatory pan is indudedin the Funaionaiity-rdoud

1309-48-4

Light Magnesium Oxide
Light Magnesia

(ph. Eur. monograph 0040)

MgO 40.30

DEFINITION
Content
98.0 per cent to 100.5 per cent of MgO (ignited substance).

CHARACTERS
Appearance
Fine, whiteor almostwhite, amorphous powder.

Solubility
PracticaUy insoluble in water. It dissolves in dilute acids with
at most slight effervescence.

IDENTIFICATION
A. Bulk density (2.9.34): maximum 0.15 g1mL.

Dissolve 0.15 g in 5 mL of dilute hydrodJwric acid Rand
dilute to 10 mL with water R. Dilute 1 mL of the solution to
10 mL with waterR.

Loss on ignition
Maximum 8.0 per cent, determined on 1.00 g at
900 ± 25 "C.

ASSAY
Dissolve 0.320 g in 20 mL of dilute hydrodJwric acidRand
dilute '0 100.0 mL with waterR. Using 20.0 mL of the
solution, carry out the complexometric titration of
magnesium (2.5.11).

1 mL of 0.1 M sodium edetate is equivalent '0 4.030 mg
of MgO.

FUNCTIONALITY-RELATED CHARACTERISTICS
Thissection provides infonnatkm on characteristics that are
recognised as being relevant control parameters for oneor more
junctions of the subSlana when used as an excipient (see chapter
5.15). Someof thecharacteristics described in the Functionality­
related characteristics section may also be present in the mandatory
pan of the monograph since theyalso represent mandatory qualiO'
criteria. In such cases, a cross-reference 10 the tests described in the
mandatory pan is indudedin the Functionality-related
characteristics section, Control of thexharaaetistia can oontrilJute
10 the qua/iCy of a medicinal produce by improving theconsistency
of ,he mamifaceuring process and theperformance of themedicinal
product during use. W71ere control methods arecited} they are
recognised as being sut"ulble for thepnrposeJ but ocher methods can
alsobe used. W'herever resuilS for a particular charaaetistic are
reponed} the control method must be indicated,
Thefollowing characteristics mqy be relevant for heavy magnerium
oxideusedasfiller in oralsoliddosage forms.

Particle-slze dlsttlbutlon (2.9.31 or 2.9.3/f)

Bulk and tapped density (2.9.34)
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62003-27-4280.5

(ph. Eur. monograph 1619)

PbE<I _

DEFINITION
Magnesium bis[(2S)-5-oxopyrrolidine-2-carboxylate].

Content
8.49 per cent to 8.84 per cent of Mg (A, = 24.31)
(anhydrous substance).

CHARACTERS
Appearance
Amorphous, white or almostwhite powder, hygroscopic.
Solubility
Verysoluble in water, soluble in methanol, practically
insoluble in methylene chloride.

Magnesium Pidolate

Acid insoluble substances
Maximum 0.1 per cent.
Any residue obtained during the preparation of solution 81,
washed, dried and ignited at 600 ± 50°C, weighsa
maximum of 5 mg.

Soluble substances
Maximum 1.5 per cent.
Take 50 mL of the filtrate obtained in the test for acidity or
alkalinity, evaporate to dryness and dry at 100-105 "C.
The residue weighs a maximum of 15 mg.

Chlorides (2.4.4)
Maximum 0.1 per cent.
Dissolve 50 mg in 5 mL of dilute nitric add R and dilute to
15 mL with water R.

Sulfates (2.4.13)
Maximum 0.5 per cent.
Dilute 3 mL of solution S2 to 15 mL with distllkdwaterR.

Arsenic (2.4.2, MethodA)
Maximum 4 ppm, determined on 5 mL of solution SI.

Calcium (2.4.3)
Maximum 1.0 per cent.
Dilute I mL of solution S2 to 15 mL with distilled waterR.

Iron (2.4.9)
Maximum 500 ppm.

Dilute 2 mL of solution S2 to 10 mL with waterR.

ASSAY
Dissolve 80.0 mg, shaking cautiously, in a mixture,
previously cooled to 20 "C, of 10 mL of ru!fun"'c acid Rand
90 mL of waterR. Titrate with 0.02M potassium
permanganate until a pinkcolour is obtained.
I mL of 0.02 M potassium permanganate is equivalent to
2.815 mg of MgO,.

STORAGE
Protected from light.
__________~ PbE<I

IDENTIFICATION
A. Dissolve about 15 mg in 2 mL of dilure nitn'c acidR and
neutralise with dilu~ sodium hydroxide solution R. The solution
givesthe reaction of magnesium (2.3.1).

B. Dissolve 50 mg in 2 mL of dilutesu!fum add R.
Add 2 mL of a 5 gIL solution of potassium permanganate R
and shake.The solution becomes colourless with evolution of
gas.

TESTS
Solution SI
Dissolve cautiously 5.0 g in 40 mL of hydrachloric acid Rl.
Cautiously evaporate the solution to 10 mL and dilute to
100 mL with a mixture of equal volumes of acetic add R and
dislilkd waterR. Filter, if necessary, through a previously
ignited and tared porcelain or silica filter crucible of suitable
porosity to give a clearfiltrate. Keep the residue for the test
for acid insoluble substances.

Solution S2
Dilute 5 mL of solution SI to 25 mL with distilled waterR.

Appearance of solution
SolutionS1 is not more intensely colouredthan reference
solution B. (2.2.2, Method Il).

Acidity or alkalinity
To 2.0 g add 100 mL of carbon dioxide-free waterR and heat
to boiling for 5 min. Filter whilst hot through a sintered-glass
filter (40) (2.1.2), allow to cool and dilute to 100 mL with
carbon dioxide-free waterR. To 15 mL of the filtrate, add
0.1 mL of phenolphthalein solution R. The solution is red.
Not more than 0.2 mL of 0.1 M hydrochJmic acid is necessary
to change the colour of the indicator. Keep the filtrate for me
test for soluble substances.

PbE<I _

(ph. Eur. monograph 1540)

Magnesium Peroxide

DEFINITION
Mixture of magnesium peroxide and magnesium oxide.

Content
22.0 per cent to 28.0 per cent of MgO, (M, 56.30).

CHARACTERS
Appearance
White or slightly yellow, amorphous, lightpowder.

Solubility
Practically insoluble in water and in ethanol (96 per cent).
It dissolves in dilute mineral acids.

____________________ PbE<I

characteristics section. Control of the choraaetisdacan contribute
to thequalilJl of a medicinal produa by improving the consistency
of themanujactuting process and the peiformal1C<J of the medicinal
product during use. W'here control methods are cited, they are
recognised as being suitable for the purpose, but other methods can
also he wed. W7lerever results fora particular characteristic are
reported, thecontrol method must be indicated.
Thefollowing characteristics mqy be relevant for ligh' magnesium
oxide usedasfiller in oralsoliddosage forms.

Particle-size distribution (2.9.31 or 2.9.38)

Bulk and tapped density (2.9.34)
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IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 60 mg of the substance to he
examined in 2 mL of waterR and dilute to 10 mL with
methanol R.
Referenc« SolUlion Dissolve 55 mg of pidolic acid CRS in
2 mL of waterR and dilute to 10 mL with methanol R.

PIa,. TLC silica gelpia,. R.
Mobl7e phase methanol R)glacial acetic acid R, methylene
chloride R (15:20:65 VIVIV).

Application I ~L.

Development Over 2/3 of the plate.

Drying At 100-105 'C for 15 min.

Detection Spraywith strong sodium hypodl/on"u solution R.
Allow to stand for 10 min and spray abundanlly with glacial
acetic acid R. Allow to standagain for 10 min and dryat
100-105 'C for 2 min. Spray with potassium iodide and swch
solution R until spots appear.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position) colourand size to
the principal spot in the chromatogram obtained with the
reference solution. The chromatogram obtained with the test
solution may show 2 faint secondary spots.
B. To 0.15 mL of solution S (see Tests) add 1.8 mL of
water R. The solution gives the reaction of magnesium
(2.3./).

TESTS
Solution S
Dissolve 5.00 g in carbon dioxide-free waterR prepared from
distilled wa,.r R and dilute to 50.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solutionBs (2.2.2, Method 1).

pH (2.2.3)
5.5 to 7.0 for solution S.

Specific optical rotation (2.2.7)
-26.5 to -23.3 (anhydrous substance), determined on
solutionS.

ImpurltyA
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.250 g of me substance to be
examined in 4 mL of waterR and dilute to 50.0 mL with
methanol R.
Reference solution (a) Dissolve 60.0 mg of glutamic acidR in
50 mL of water R and dilute to 100.0 mL with methanol R.
Dilute 1.0 mL of the solution to 20.0 mL with methanol R.

Reference solution (b) Dissolve 10 mg of aspartic acid R and
10 mg of glutamk acid R in waterR and dilute (Q 25 mL with
the same solvent. Dilute 1 mL of the solution to 10 mL with
water R.
PIau TLC silica gelpkue R.
Mobile phase glacial acetic acid R, waterR, butanol R
(20:20:60 VIVIV).

Application 5 ~L.

Deudopmenc Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydrin solution R and heatat
100-105 'C for 15 min.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Magnesium Pidolate II-191

Limit.
- impun"lY A: anyspot due to impurity A is not more

intense man the spot in the chromatogram obtained with
reference solution (a) (0.6 per cent).

Related substances
liquid chromatography (2.2.29).

Testsolution Dissolve 0.500 g of the substance to be
examined in the mobile phase and dilute to 100"0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 50.0 mg of pidolou
impun'ty B CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 5.0 mL of the solution to
50.0 mL with the mobile phase.

Reference solution (c) Dilute 10.0 mL of reference
solution (b) to 100.0 mL with the mohile phase.

Reference solution (d) Dilute 1.0 mL of niooustandard
solution (100 ppm NO..! R to 100.0 mL with the mobile
phase.
Reference solution (e) Dilute 6"0 mL of reference solution (a)
to 10.0 mL with reference solution (b).

Column:
- size: I ;;;; 0.25 m, 0 = 4.6 mm;
- stationary phose: end-eapped octadecylsilyl silica gelfor

chromawgraphy R (5 um).

Mobile phase Dissolve 1.56 g of sodium dihydrogen
phosphate R in 1000 mL of waterfor chromawgraphy Rand
adjust to pH 2.5 with a 10 per cent VIV solution of
phosphoric acid R.
F1bW ra,. 1.5 mUmin.

Detection Spectrophotometer at 210 om.
Injoction 10 J.1L of the test solution and reference
solutions (b), (c), (d) and (e).

Runtime 4 times the retention time of pidolicacid.
Retention times Pidolic acid = about 4.5 min;
impurity B = about 7.5 min.
System SUilabJ1ity Reference solution (e):
- resolution: minimum 10 between the peaks due to pidolic

acid and impurity B.

Limits:
- ;mpun"ty B: not more thanthe area of the principal peakin

the chromatogram obtained withreference solution (b)
(1.0 per cent);

- unspecified impun'ties: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (c) (0.10 percent);

- totai of otherimpurities: not more than 0.5 times the area of
the principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtainedwithreference solution (c)
(0.05 per cent); disregard any peak due to the nitrate
ion (NO;).

Chlorides (2.4. 4)
Maximum 500 ppm.

Dilute 1.0 mL of solution S to 15.0 mL with waterR.

Nitrates
Examine the chromatogram obtained with the test solutionin
the test for related substances.
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Limit:
- nitrates: not more than the area of the principal peak in

the chromatogram obtainedwil:h reference solution (d)
(200 ppm).

Sulfates (2.4.13)
Maximwn 0.1 per cent.

Dilute 1.5 mL of solution S to 15.0 mL with distaled waterR.

Iron (2.4.9)
Maximum 200 ppm.

Dilute 0.5 mL of solution S to 10 mL withwaterR.

Water (2.5.12)
Maximum 8.0 per cent, determined on 0.200 g.

ASSAY
Dissolve 0.300 g in 50 mL of waterR. Carry out the
complexometric titration of magnesium (2.5.11).

1 mL of 0.1 M sodium edeuue is equivalent to 2.431 mg of
Mg.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B.

A. (2S)-2-aminopentanedioic acid (glutamic acid),

B. (2S)-2-[(2S)-5-oxopyrrolidine-2-carboxamido]
penranedloic acid.

___________________ "'Ell

Magnesium Stearate1

(ph. Bur. monograph 0229)

Action and use
Excipient.

"'Ell _

DEFINITION
Compound of magnesium with a mixture of solid organic
acids and consisting mainly of variable proportions of
magnesium stearate and magnesium palmitate obtained from
sourcesof vegetable or animalorigin.

Content
- magnesium (Mg; A, 24.305): 4.0 per cent to 5.0 per cent

(driedsubstance);
- uearic acid in thefattY acid fraaion: minimum

40.0 per cent;
- sum of steam acidandpalmitic acidin the jatlYacid

fraction: minimum 90.0 per cent.

I ThiJ monograph hasu"dergone plunmaropoejaJ hannonisanon.
Seechapter 5.8 Pharmacopoeial hamlonisan"on.

2022

.CHARACTERS
Appearance
White or almost white,veryfine, light powder,greasy to the
touch.

Solubility
Practically insoluble in water and in anhydrous ethanol.e

IDENTIFICATION
First identification: CJ D.
OSeamd identification: A, B, D.
A. Freezing point (2.2.18): minimum 53°C, determined on
the residue obtained in the preparation of solution S
(see Tests).

B. Acid value (2.5. J): 195 to 210.

Dissolve 0.200 g of the residue obtained in the preparation of
solution S in 25 mL of the prescribed mixture of solvents.O
C. Examine the chromatograms obtained in the assay of
stearic acid and palmitic acid.
Results The 2 principal peaks in the chromatogram obtained
with the test solution aresimilar in retention time to the
2 principal peaks in the chromatogram obtained with the
reference solution.
D. To I rnL of solution S add I rnL of dilute ammonia RI;
a white precipitate is fonned mat dissolves on addition of
I mL of ammonium chloride solution R. Add I mL of a
120 gIL solution of disadium hydrogen phosphate
dodecahydrate R; a white crystalline precipitate is formed.

TESTS
Solution S
To 5.0 g add 50 rnL of peroxide-free ether R, 20 mL of dilute
nitric acidRand 20 mL of water R andheat undera reflux
condenseruntil dissolution is complete. Allow to cool. In a
separating funnel, separate the aqueous layerand shake the
ether layer with 2 quantities) each of 4 mL, of waterR.
Combine the aqueous layers, wash with 15 mL of peroxide­
free etherR and dilute to 50.0 mL with waterR (solution S).
Evaporate the organic layer [0 dryness and drythe residue at
100-105 °C. Keep the residue for identification tests A
andB.

Acidity or alkalinlty
To 1.0 g add 20 rnL of carbon dioxide-free water R and boil
for 1 min with continuous shaking. Cool and filter.
To 10 mL of the filtrate add 0.05 mL of bromomymol blue
sdutionR4. Not more than 0.05 rnL of 0.1 M hydrochlori£
acidor 0.1 M sodium hydroxide is required to change the
colour of the indicator.

Chlorides
Maximum 0.1 per cent.
Dilute 10.0 mL of solution S to 40 rnL with waterR.
Neutraliseif necessary with nitn'c addR using litmus R as
indicator. Add I rnL of nitric acid R and I rnL of 0.1 M silver
nitrate and dilute [0 50 mL with water R. Mixand aUow to
stand for 5 min protected from light.The turbidity) if any, is
not greater than thatproduced in a solutioncontaining
1.4 mL of 0.02 M hydrochloric acid.

Sulfates
Maximum 1.0 per cent.
Dilute 6.0 mL of solution S to 40 rnL with water R.
Neutralise ifnecessary with hydrochlori£ acidR using litmus R
as indicator. Add I mL of 3 M hydrochlbrn: acidR and 3 mL
of a 120 gIL solution of barium chloride R and dilute to
50 mL with waterR. Mix and allow to stand for 10 min.
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The turbidity, if any, is not greater than thatproduced in a
solution containing 3.0 mL of 0.02 M sulfuric. acid.

Cadmium
Maximum 3 ppm.

Atomic absorption spectrometry (2.2.21, Method II).
Forthepreparation of alJ aqueous solutions andfor the rinsing of
glassware be/ore use.. employ water that has been passed through a
strong-add, strong-bose, mixed-bed ion-exchange resin before use.
Select aU reagents to have as /uw a content of cadmium, leadand
nickel aspracticable andstore aU reagent solutions it, containers of
borosilicate glass. Clean glassuore before use by soaking in a
wann 771 giL solution of nittic acidRfor 10 min and by rinsing
with deionised water.
Blank solution Dilute 25 mL of cadmium- and lead-free niuic
acidR to 100.0 mL with walU R.
lWodijier solution Dissolve 20 g of ammonium dihydrogen
phosphate Rand 1 g of magnesium nitrate R in wah1r Rand
dilute to 100 mL with the same solvent.Alternatively, use an
appropriate matrix modifier as recommended by the graphite
furnace atomic absorption (GFAA) spectrometer
manufacturer.
Test solution Place 0.100 g of the substance to be examined
in a polytetrafluoroethylene digestion bomb and add 2.5 mL
of cadmium- and lead-free nitric acidR. Close and seal the
bomb according to the manufacturer's operating instructions
(when using a dige5tion bamb, be tlwroughly familiar with the
,afery and operating instructions, CarefullY follow the bomb
manufacturer's instrucdons regarding care and maintenance of
these digestion bombs. Do not use metal jacketed bombs or linen
which have been used with hydrochloric aciddue to contamination
from cerronon of the metaljat:ket by hydrochloric acid). Heat the
bomb in an oven at 170 ·C for 3 h. Cool the bomb slowly in
airto room temperature according to the bomb
manufacturer's instructions. Place the bomb in a fume
cupboard and open carefully as corrosive gases may be
expelled. Dissolve the residuein water R and dilute to
10.0 mL with the same solvent.

Reference ,oIution Prepare a solution of 0.0030 ~g1mL of Cd
by suitable dilutions of a 0.00825 ~g1mL solution of cadmium
nitrate tetrahydrate R in the blanksolution.
Dilute 1.0 mL of the test solution to 10.0 mL with the blank
solution. Prepare mixtures of this solution) the reference
solution and the blanksolution in the following proportions:
(1.0:0:1.0 VIVW), (1.0:0.5:0.5 VIVIY), (1.0:1.0:0 VIVW).
To each mixture add 50 )IL of modifier solution and mix.
These solutions contain respectively 0 ug, 0.00075 ~g and
0.0015 J,tg of cadmiwn per millilitre from the reference
solution (keep the remaining test solution for use in the test
for lead and nickel).

Source Cadmium hollow-cathode lamp.

Wavelength 228.8 om.

Awmisation deuice Furnace.
Pkuform Pyrolytically coated with integrated rube.

Operating conditions Use the temperature programme
recommended for cadmiwn by the GFAA spectrometer
manufacturer. An exampleof temperature parameters for
GFAA analysis of cadmiwn is shown below.

Stage FlnBl temperature Ramp time Hold time
Cq (,) (,)

Dryillg no 10 20

AWng 600 10 30

Atomisation '800 0 5

Magnesium Stearate II-193

Lead
Maximwn 10 ppm.

Atomic absorption spectrometry (2.2.21, MethadII).
For thepreparation of an aqueous solutions andfor the rinsing 0/
glassware before use, employ water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange resin before use.
Selea aU reagents 10 haveas lowa content ofcadmium) lead and
nkke!as ptacticoble andstore all reagent solutions in containers of
borosilicate glass. Clean glassware before use ~ soaking in a
wann 773 gIL solution 0/nioic acid R for 30 min and by rinsing
wilh deionised water.
Blanksolution Use the solutiondescribed in the test for
cadmium.
Modifier solution Use the solutiondescribed in the test for
cadmium.
Test solution Use the solutiondescribed in thetest for
cadmium.

Reference ,olution Prepare a solution of 0.100 ~g1mL ofPb
by suitable dilutions of leadstandard solution (100 ppm Pb) R
with the blank solution.

Prepare mixtures of the test solution) me reference solution
and the blank solution in the following proportions:
(1.0:0:1.0 VIVIV), (1.0:0.5:0.5 VIVIJI), (1.0:1.0:0 VIVIJI).
To each mixture add 50 ).lL of modifier solution and mix.
These solutions contain respectively 0 J,tg, 0.025 ug and
0.05 ~g of lead per millilitre from the reference solution.

Source Lead hollow-cathode lamp.

Wavelength 283.3 om.

Atomisation clevice Furnace.
Plat/onn Pyrolytically coated with integrated tube,

Operating conditions Use the temperature programme
recommended for lead by the GFAA spectrometer
manufacturer. Anexample of temperature parameters for
GFAA analysis of lead is shown below.

Stage Final temperature Rampdme Hold time
Cq (,) (,)

D<ying 110 10 20

AWng 450 10 30

Atomisation 2000 0 5

Nickel
Maximwn 5 ppm.

Atomic absorption spectrometry (2.2.21, MethadII).

Forthepreparation of aU aqueous solutions andfor the rinsing of
glaJsware before use, employ water that has been passed through a
strong-acid, strong-base, mixed-bed ion-exchange resin before use.
Select all reagents tQ have as low a content of cadmium) leadand
nukel as practicable and store oll reagent solutions in containers of
borosilicate glass. Clean glassware be/ore use by soaking in a
wann 771 giL solution of miricacidR for 10 min and by rinsing
with tkioniJed water.
Blank solution Use the solution described in Ute test for
cadmium.
Modifier solution Dissolve 20 g of ammonium dihydrogen
phosphate R in walU R and dilute to 100 mL with the same
solvent. Alternatively> use an appropriate matrix modifier as
recommended by the GFAA spectrometer manufacturer.
Testsolution Use the solution described in the test for
cadmiwn.
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___________________ PhE<I

Column:
- mautiai: fused silica;
- size: 1= 30 m, 0 = 0.32 mm;
- slalionary phase: ma<rogol20 000 R (film thickness

0.5 pm).

Cattier gas helium for chromatography R"
Flow rate 2.4 mllmin.

Temperature:

Deteaion Flame ionisation.
1nje<tion I ~L.

Relative retention Withreference to methylstearate: methyl
palmitate = about 0.9.

System suitability Reference solution:
- resolution: minimum 5.0 between the peaksdue to methyl

palmitate and methyl stearate;
- relatitJe standard deviation: maximum 3"0 per cent for the

areas of the peaksdue to methyl palmitate and methyl
stearate) determined on 6 injections; maximum
1.0 percent for the ratio of the areas of the peaks due to
methyl palmitate to the areas of the peaks due to methyl
stearate, determined on 6 injections.

FUNCTIONAllTY-RELATED CHARACTERISTICS
This seaion provides information on characteristics thal are
recognised as being relevant control parameters for one or more
functions 0/'he substan'" whenusedas an excipiem (see chapter
5.15). Someo/the charaaetistia described in 'he F1metionality­
related chamcterisrics seaion may alsobepresent in the mandatory
part 0/themonograph sina they also represent mandatory quah'!)'
criteria; In such cases. a cross-reference to the tests described in the
mandatotypart is included in the Functionality-related
characteristics section. Control of the charactenstics cancontribute
to the quali!)' 0/a medicinal product by improving 'he consistency
0/the manufaeturing prows and theperformance 0/the medicinal
product during we. lt7hm control methods are ciced, theyare
recognised as being suilabkfor thepurpose, but other methods can
alsobe used. Wherever results for a particular characteristic are
reported, the control method mus, be indicated.
Thefollowing charaaeriuics may be relevant for magnesium
stearate used as lubricant in tablets and capsules.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26, Method l)
Determine the specificsurface area in the PlPo range of
0.05 to 0.15.

Sample outgassing 2 h at 40 "C.

Thennogravimetry (2.2.34)

Reference solution Prepare a solution of 0.050 J1g1mL of Ni
by suitable dilutions of a 0.2477 ~g/mL solution of nickel
nitrate hexahydrate R in the blank solution.
Prepare mixtures of the test solution, the reference solution
and the blanksolution in the following proportions:
(1.0:0:1.0 VIVIV), (1.0:0.5:0.5 VIVIV), (1.0:1.0:0 VIVIV).
To each mixture add 50 J.lL of matrix modifier solution and
mix. These reference solutionscontainrespectively 0 J.1g)
0.0125 ~g and 0.025 ~g of nickel per rnil1ilitre from the
reference solution.
Soun:e Nickel hoUow-eathode lamp.

Wavelength 232.0 nm.
Awmisation deoice Furnace.

Platform PyrolyticaUycoated with integrated tube.

Operaung conditions Use the temperature programme
recommendedfor nickel by the GFAA spectrometer
manufacturer. An exampleof temperature parameters for
GFAA analysis of nickel is shown below.

Stage Final temperature Ramp time Hold time
rCl (,) (,)

Drying 110 10 20
Ashing 1000 20 '0
Atomisarion 2'00 0 5

Loss on drying (2.2.32)
Maximum 6.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

+Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).
TYMC: acceptance criterion 10' CFU/g (2.6.12).

Absence of Es<heridJia coli(2.6.13).
Absence of SalmoneRa (2.6.13).•

ASSAY
Magnesium
To 0.500 g in a 250 mL conical flask add 50 mL of a
mixture of equal volumes of anhydrous ethanol Rand
butanol R, 5 mL of concentrated ammonia R, 3 mLof
ammonium chloride buffersolution pH 10.0 R, 30.0 mL of
0.1 M sodium edeuue and 15 mg of mordant black 11
tn"lurare R. Heat at 45-50 °C until the solution is clearand
titrate with 0.1 M zinc sulfate until the colour changesfrom
blue to violet. Carry out a blank titration.

1 mL of 0.1 M sodium edetate is equivalent to 2.431 mg
of Mg.

Stearic acid and palmitic acid
Gas chromatography (2.2.28): use the normalisation
procedure.
Tesl solution In a conical flaskfitted witha reflux condenser,
dissolve 0.10 g of the substance to be examined in 5 mL of
boron trifluoride-methanol solution R. Boil under a reflux
condenser for 10 min. Add 4 mL of heptane R through the
condenser and boil againunder a reflux condenser for
10 min. AUowto cool. Add 20 mL of saturated sodium
chloride solution R. Shakeand allow the layers to separate.
Dry the organic layerover 0.1 g of anhydrous sodium sulfate R
(previously washed with heptane R). Dilute 1.0 mL of the
solution to 10.0 mL with heptane R.
Reference solution Prepare the reference solution in the same
manner as the test solution using 50.0 mg of palmitic
acidCRS and 50.0 mg of stearic acidCRS instead of the
substance to be examined.

Column

Injection port

Detector

Time
(mln)

0-2
2 - 36

36- 41

Temperature
re)
70

70 ..... 240

240

220

260
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Action and use
Osmotic laxative; used in treatment of electrolyte deficiency.

Preparations
Magnesium SulfateInjection
Magnesiwn Sulfate Mixture

Magnesium Sulfate, Potassium Chloride and Sodium
Chloride Infusion

DEFINlllON
Content
99.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powderor brilliant,
colourless crystals.

Solubility
Freelysoluble in water, verysoluble in boilingwater,
practically insoluble in ethanol (96 per cent).

IDENTIFICATION
A. It gives the reaClion~ of sulfates (2.3.1).

B. It gives the reaction of magnesium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in water R and dilute [0 50 mL with the same
solvent.
Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Melhod II).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of phenol red solulion R.
Not more than 0.2 mL of 0.01 M hydrochlori< acid or 0.01 M
sodium hydroxide is required to change the colourof the
indicator.

2022

Magnesium Sulfate Heptahydrate
Epsom Salts

Magnesium Sulphate Heptahydrate

(Ph. Bur. monograph 0044)

MgSO,,7H,O 246.5

**** ** *
*****

10034-99-8

Magnesium Trisilicare 11-195

Dried Magnesium Sulfate
Dried Epsom Salts; Dried Magnesium Sulphate

Preparation
Magnesium Sulfate Paste

DEFINITION
Dried Magnesium Sulfate contains not less than 62.0% and
not more than 70.0% of MgSO,. It may be prepared by
drying magnesium sulfate at 100' until it has lost
approximately 25% of itsweight.

CHARACfERISTICS
A whitepowder.
Freelysoluble in watn; dissolves more rapidly in hot water.

IDENTIFICATION
Yields lite reactions characteristic of magnesium salts and of
sulfa"" Appendix VI.

TESTS
Acidity or alkalinity
To 10 mL of a 7.5% wlv solution in carbon dioxide-free waltr
add 0.05 mL of phenal red so/uwn. Not more than 0.2 mL of
either O.OIM hydrochlori< acidVS or O.OIM sodium hydroxide
VS is required to change the colourof the solution.

Arsenic
0.33 g dissolved in 25 mL of watercomplieswith the limit test
for arsenic, Appendix vn (3 ppm).

Iron
0.33 g dissolved in 10 mL of water complieswith the limit test
for iron, Appendix vn (30 ppm).

Chloride
0.13 g dissolved in 15 mL of watercomplieswith the limit test
for chlorides, Appendix vn (400 ppm).

Insoluble matter
7.5 g dissolves in 20 mL of water, producing a solution which
may be slightly turbid at fint but which becomes clear in a
few minutes.

ASSAY
Dissolve 0.3 g in 50 mL of water and carry out the
complexometric titration of magnesium, Appendix VllI D.
Each mL OrO.lM disodium edetate VS is equivalent to
12.04 mg of MgSO•.

Chlorides (2.4.4)
Maximwn 300 ppm.

Dilute 1.7 mL of solution S to 15 mL with waterR.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with water R.

Loss on drying (2.2.32)
48.0 per cent to 52.0 per cent, determined on 0.500 g by
drying in an oven at 110-120 'C for I h and then at 400 'C
to constant mass.

ASSAY
Dissolve 0.450 g in 100 mL of water R and carry out the
complexometric titration of magnesium (2.5.11).

I mL of 0.1 M sodium edetate is equivalent to 12.04 mg
of MgSO,.
___________________ POE"

Magnesium Trisilicate
(Ph. Eur. monograph 0403)

Action and use
Antacid.

Preparations
MagnesiumTrisilicate Mixture

Compound Magnesium Trisilicate Chewable Tablets

Compound Magnesium Trisilicate Oral Powder
POE" _

DEFINITION
It has a variable composition corresponding approximately to
Mg,S;'Oa,xH,O.

Content
- magnesium oxide (MgO; M, 40.30): minimum

29.0 per cent (ignited substance),
- suieon du,xide (SiO,; M, 60.1): minimum 65.0 per cent

(ignited substance).
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PIIE« ~ _

___________________ POE"

DEFlNITION
Fatty oil obtained from the seeds of ZeamaysL.
by mechanical expression or byextraction. It is then refined.

PRODUCTION
The oil is prepared using materials and methods designed to
ensurethat the content ofbrassicasterol (2.4.23) in the sterol
fraction of the oil is not greater than 0.3 per cent.

CHARACTERS
Appearance
Clear, light yellow or yellowoil.

Solubility
Practically insoluble in water and in ethanol (96 per cent),
miscible with light petroleum (bp: 40-60 "C) and with
methylene chloride.

Relative density
About 0.920.

Refractive index
About 1.474.

8 mL). Carry out the complexometric titration of magnesium
(2.5.Il).
I mL of 0.1 M sodium edetare is equivalent to 4.030 mg
ofMgO.

Silicon dioxide
To 0.700 g add 10 mL of dilure su/furic acid Rand 10 mL of
water R. Heat for 90 min on a water-bath with frequent
shaking, replacing the evaporated water. Allow to cool and
decant onto an ashless filter paper (diameter 7 em). Wash
the precipitate by decantation with3 quantities, each of
5 mL, of hot waterR, transfer it to the filter andwash it with
hot waterR until 1 mL of the filtrate remains clear after the
addition of 0.05 mL of di/ure hydrochlmi< acidRand 2 mL of
barium chloride soiuuon RJ. Incinerate the filter and its
contentsin a platinum crucible, then ignite the residue
(SiO,) at 900 ± 50 °C to constant mass.

FUNCTIONAliTY-RELATED CHARACTERISTICS
This section provides infonnation oncharaaetistics thatare
recognised as being relevant contrdparameterS forone or more
functions of the substance when used as an exdpiem (see chapter
5.15). Someof 'he characteris,ics described in <he Functionalily­
related charaeterisUts section may also bepresent in the mandawry
part of <he monograph since <hey also represent mandatory quality
criteria. In such cases, a cross-reference w the tests described in the
mandawry part is included in theFwrctionality-relartd
characunstics section. GQtltroI of the characteristics can contribute
UJ the quality of a medicinal product by improving <he consistency
of the mamifaclUring process and ,heperformance of the medicinal
product dun"ng use. Where control methods are cited, they are
recognised as being suitabk for thepurpose, butother methods can
also be used. Wherever results fora partiadar cboraaerisoo are
reported, <he control method mustbe indicaud:
ThefolkJwing characteriuia may berelevant for magnesium
trisilialce used asa lubn'tant in tablets andcapsules.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26, Me<hod l)

**** ** *
*****(ph. Bur. monograph 1342)

Refined Maize Oil

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. 0.25 g gives the reaction of silicates (2.3.1).

B. I mL of solution S (see Tests) neutralised with dilure
sodium hydroxide solution R gives the reaction of magnesium
(2.3.1).

TESTS
Solution S
To 2.0 g add a mixture of 4 mL of nitric acidRand 4 mL of
distilled wa.... R. Heat to boiling with frequent shaking,
Add 12 mL of distilled water R and allow to cool. Filter or
centrifuge to obtaina clearsolution and dilute to 20 mLwith
distiUed wa.... R.

Alkalinity
To 10.0 g in a 200 mL conical flask, add 100.0 g of wQler R
and heat on a water-bath for 30 min. Allow to cool and
makeup to the initial mass with water R. Allow to stand and
filter or centrifuge until a clear liquid is obtained. To 10 mL
of this liquid add 0.1 mL of phenolph<halein solution R.
Not more than 1.0 mL of 0.1 M hydrochlori£ acidis required
to change the colour of the indicator.

Water..soluble salts
Maximum 1.5 per cent.
In a platinum dish, evaporate to dryness on a water-bath
20.0 mL of the liquid obtained in the test for alkalinity.
The residue, ignitedto constantmass at 900 ± 50°C,
weighs a maximumof 30 mg.

Cblorides (2.4.4)
Maximum 500 ppm.

Dilute 0.5 mL of solution S to 15 mL with wa.... R. Prepare
the standard using a mixture of 5 mL of chloride standard
solu,ian (5 ppm CQ R and 10 mL of waterR.

Sulfates (2.4.13)
Maximum 0.5 per cent.
Dilute 0.3 mL of solution S to 15 mL with distilled wa'erR.
Arsenic (2.4.2, method A)
Maximum 4 ppm, determined on 2.5 mL of solution S.

Loss on ignition
17 percent to 34 per cent, determined on 0.5 g by ignition
to constant mass at 900 ± 50 °C in a platinum crucible.

Acid-absorbing capacity
Suspend 0.25 g in 0.1 M hydrochlmi< acid, dilute to
100.0 mL with the same acid and allow to stand for 2 h in a
water-bath at 37 ± 0.5 °C, with frequent shaking. Allow to
cool. To 20.0 mL of the supernatant solution add 0.1 mL of
bromophenol blue solution R and titrate with 0.1 M sodium
hydroxide until a blue colour is obtained. The acid-absorbing
capacity is not less than 100.0 mL of 0.1 M hydrochloric acid
per gram.

ASSAY
Magnesium oxide
To 1.000 g in a 200 mL conical flask, add 35 mL of
hydrochlori£ acid R and 60 mL of water R and heat in a water­
bathfor 15 min. Allow to cool, filter, wash the conical flask
and the residue with waterR and dilutethe combinedfiltrate
and washings to 250.0 mL with water R. Neutralise 50.0 mL
of the solution with strong sodium hydroxitk solution R (about
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121-75-5

andenanUomer

33Q.4

Action and use
Organophosphorus insecticide.

Preparations
Malathion Lotion
Malathion Shampoo

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison malathion CRS.

TESTS
Relative density (2.2.5)
1.220 to 1.240.

Optical rotation (2.2.7)
-0.1° to + 0.1°.

Dissolve 2.50 g in ethanol (96 percenV R and dilute 10

25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmum", waterR, acetJmitriJe R (1:3 VII').
Test solution (a) Dissolve 0.10 g of the substance to be
examined in the solventmixture and dilute to 5.0 mL with
the solvent mixture.
Testsolution (b) Dilute 1.0 mL of test solution (a) 10

10.0 mL with the solvenr mixture.

Reference solution (a) Dissolve 0.100 g of malathion CRS in
the solvent mixture and dilute to 50.0 mL with the solvent
mixture.
Reference solution (b) Dilute 0.5 mL of test solution (a) to
100.0 mL with the solventmixture.
Reference solution (c) Dissolve 5.0 mg of malathion
impurity A CRS and 5.0 mg of malathion impurity B CRS in
the solvent mixture, then dilute 50.0 mL with the solvent
mixture.
Reference solution (d) Dilute 2.0 mL of reference solution (c).
to 10.0 mL with the solventmixture.

(Ph. Bur. monograph 1343)

DEFINITION
Diethyl (2RS)-2-(dimethoxyphosphinodithioyl)butanedioate.

Content
98.0 per cent 10 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, colourless or slightly yellowish liquid.

Solublllty
Slightly soluble in water) miscible with acetone)with
cyclohexane, with ethanol (96 per cent) and with vegetable
oils.
It solidifies at about 3°C.

MalathionIDENTIFICATION
First identification: B.
Second identification: A.
A. Identification offatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained with the test solutionis
similar to the chromatogram obtainedwith the reference
solution.

B. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 0.5, or maximum 0.3 if intended for use in the
manufacture of parenteral preparations, determined on
10.0 g.

Peroxide value (2.5.5, MethodA)
Maximum 10.0, or maximum 5.0 if intendedfor use in the
manufacture of parenteral preparations.

Unsaponifiable matter (2.5.7)
Maximum 2.8 per cent, determined on 5.0 g.

Alkaline impurities (2.4.19)
II complies with the test.

Composition offatty acids (2.4.22, MethodA)
Use the.mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatty-tuid fraction of the oil:
- sum offauy acids of chain length less than G'6: maximum

0.6 per cent;
- palmitic acid: 8.6 per cent to 16.5 per cent;
- stearic acid: maximum 3.3 per cent;
- oleic acidand isomer: 20.0 per cent to 42.2 per cent;
- linoleic acid: 39.4 per cent to 65.6 per cent;
- linolenic add: 0.5 per cent to 1.5 per cent;
- arachidic acid: maximum 0.8 per cent;
- eicosenoic acid: maximum0.5 per cent;
- behenic acid: maximum 0.5 per cent;
- any other fatty acid: for each fatty acid, maximum

0.5 percent.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
Protected from light, at a temperature not exceeding 25°C.

LABELLING
The labelstates:
- whereapplicable, that the substance is suitable foruse in

the manufacture of parenteral preparations;
- whether the oil is obtainedby mechanical expression or

by extraction.
___________________ Pl>E<r
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(ph. Hur. monograph 0365)

IID-16-7116.1C,H,O,
PhE" _

DEFINITION
Maleic acid contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of
(Z)~butenedioic acid, calculated withreference to the
anhydrous substance.

CHARACTERS
A white or almost white) crystalline powder, freely soluble in
waterand in alcohol.

IDENTIFICATION
A. Dilute 5 mL of solution S (see Tests) to 10 mL with
water R. The pH of the dilution is less than2.

B. Examine the chromatograms obtained in the test for
fumaric acid. The principal spot in the chromatogram
obtainedwith test solution (b) is similar in position and size
to the principal spot in the chromatogram obtained with
reference solution (a).

C. Dissolve 0.1 gin 10 mL of water R (solution a).
To 0.3 mL of solution (a) add a solution of 10 mg of
resorcinol R in 3 mL of sulfu";" acidR. Heal on a water-bath
for 15 min; no colour develops. To 3 mL of solution (a) add
1 mL of bromine water R. Heat on a water-bath to remove
the bromine (15 min), heal 10 boiling aod cool. To 0.2 mL
of this solution add a solution of 10 mg of resorcinol R in
3 mL of sulfutic acid R. Heat on a warer-bath for 15 min.
A violet-pink colour develops.

TESTS
Soludon S
Dissolve 5.0 g in waterR and dilute to 50 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2) MethodII).

____________________ PhE"

B. diethyl (2RS)-2-(dimethoxy-S­
phosphinothioyljbutanedioate (maloxon),

C. ethyl and methyl (2RS)-2-(dimethoxyphosphinodithioyl)
buranedloate (methyl aoalogue).

Maleic Acid

STORAGE
In an airtight container, protected from light.

IMPURlTIES
Specified impurities A, B.
Otherderecrable impurities (thefollowing subsrances would, if
present at a sufficient leve/) be deuaed by one or other of llu tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities andlor by thegeneral
monograph Subsrances forpharmaceurical UJe (2034). It is
therefore not necessary to i{lentify thes« impurities for
demonstration of compliance. See also 5.10. Control of impurities
in subsrances for pharmaceutical use) C.

Column:
- size: I;:: 0.15 m, 0 ;;;; 4.6 mm;
- sea/ionary phase: ",rade<ylsilyl silica gelfor chromalOgraphy R

(10 urn),
- temperature: 35 "C.

Mobile phase acewnitrite R, water R (45:55 VIV)o
Flow rate I mllmin.

Detection Spectrophotometer at 210 nrn.

Injection 20 J1L of test solution (a) and reference
solutions (b), (c) and (d).

Retention time Impurity B :::: about 3.5 min;
impurity A :::: about 5 min; malathion:::: about 16 min.
System suitability Reference solution (e):
- resolution: minimum 2.0 between the peaksdue (0

impurities Band A.
Limits:
- impurity A: not more than 3 times the areaof the

corresponding peak ln. the chromatogram obtainedwith
reference solution (d) (0.3 per cent);

- impun"ty B: not more than the area of the corresponding
peak in the chromatogram obtained With reference
solution (d) (0.1 per cent);

- sum of impurities other than A andB: not more than twice
the area of the principal peakin the chromatogram
obtainedwith reference solution (b) (1 per cent);

- disregard limit: 0.1 times the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.1Z)
Maximum 0.1 per cent, determined on 2.000 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solution (b) and reference solution (a).
System suitability Reference solution (a):
- repeatability: maximum relative standard deviation of

1.0 per cent after6 injections.
Calculate the percentage content of C1oH1906PS2 from the
declared content of malathion CRS.

A. diethyl (2RS)-2-[(methoxy)(methylsulfanyl)-S­
phosphinothioyl]butaoedioate (isomalathion),
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DEFINITION
(2RS)-2-Hydroxybutanedioic acid.

Content
99.0 per cent to 101.0 percent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystaUine powder.

Solubility
Freelysoluble in water and in alcohol, sparingly soluble in
acetone.

IDENTIFICATION
A. Melting point (2.2.1if): 128"C to 132 "C.

B. Infrared absorption spectrophotometry (2.2.2if).

Comparison Ph. Bur. reference speel/um of malicacid.

TESTS
Soludon S
Dissolve 5.00 g in water R and dilute to 25 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

Optical rotadon (2.2.7)
-0.100 to + 0.100

, determined on solutionS.

Water-insoluble substances
Maximum 0.1 per cent.
Dissolve 25.0 g in 100 mL of waterR, filter the solution
through a tared sintered-glass filter (16) (2.1.2), wash the
filter with hot waterR and dry at lOO~I05 DC to constant
weight. The residue weighs a maximum of 25 mg.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 100.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dissolve 10.0 mg offumaric acidR
and 4.0 mg of maleic acidR in 25 mL of the mobile phase
and dilute to 50.0 mL with the mobile phase.

Reference solution (b) Dilute 2.5 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Reference solution (c) Dissolve 20.0 mg of the substance to
be examined in the mobile phase,add 1.0 mL of reference
solution (a) and dilute to 20.0 mL with the mobile phase.

Column:
- size: 1= 0.30 m, 0 = 7.8 mm,
- stationary phase: ion-exclusion resin forchromawgraphy R

(9 urn),
- temperatu..: 37 "C.

Mobile phase 0.005M sulfuric acid.
Flew rate 0.6 mllmin.

**** ** ** ****

6915-15-7

and enanliomer

134.1

Malic Acid
(ph. Bur. monograph 2080)

C,H,O,

Action and use
Excipient.

Fumaric acid
Examine by thin-layer chromatography (2.2.27), using silica
gel GFZ54 R as the coatingsubstance.
Test so/mum (a) Dissolve 0.5 g of the substance to be
examined in acetone R and dilute to 5 mL with the same
solvent.
Fesr solution (b) Dilute I mL of test solution (a) to 50 mL
with acetone R.
Reference solution (a) Dissolve 20 mg of maleic acidCRS in
aulOne R and dilute to 10 mL with the samesolvent.
Reference solution (b) Dissolve 15 mg offumaric acid CRS in
acetone R and dilute to 10 mL with the same solvent.
Reference solution (e) Mix 5 mL of reference solution (a)
and 5 mL of reference solution (b).

Apply separately to the plate 5 1'1. of test solutions (a) and
(b), 5 ~L of reference solutions (a) and (b) and I0 ~L of
reference solution (e). Develop in an unsaturated tank over a
pathof 10 em usinga mixture of 12 volumes of anhydrous
fonnie add R, 16 volumes of chlorofonn R, 32 volumes of
buranol Rand 44 volumes of heprane R. Dry the plate at
100°C for 15 min and examine in ultraviolet light at
254 om. Any spot corresponding to fumaric acid in the
chromatogram obtained with test solution (a) is not more
intense than the spot in the chromatogram obtained with
reference solution (b) (1.5 per cent). The test is not valid
unless the chromatogram obtained withreference solution (c)
shows two clearly separated spots.

Iron
To 10 mL of solution S add 2 mL of dilute hydrochloric
add Rand 0.05 rnL of bromine waterR. After 5 min, remove
the excess of bromine by passing a current of air and add
3 mL of potassium thiocyanate solution R. Shake. Prepare a
standard at the same time and in the same manner, using a
mixture of 5 mL of iron standardsolution (I ppm Fe) R, I mL
of dilute hydrochloric acid R, 6 mL of waterRand 0.05 mL of
bromine water R. Allow both solutions to stand for 5 min.
Anyred colourin the test solution is not more intense than
that in the standard (5 ppm).

Water (2.5.12)
Not more than 2.0 per cent, determined on 1.00 g by the
semi-micro determination of water.

Sulfated ash (2.4.1if)
Not more than0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.500 g in 50 mL of fOater R. Titrate with 1 M
sodium hydroxide using 0.5 mL of phenolphthalein solution R as
indicator.
I mL of 1 M sodium hydroxide is equivalent to 58.04 mg of
C.H.,O•.

STORAGE
Store in a glasscontainer, protected fromlight.
____________________ POE"
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585-88-6344.3

Action and use
Sweetening agent.

(ph. Eur. monograph 1235)

IDENTIFICATION
Firs' identification: A.
Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison maitilO1 CRS.
B. Melting point (2.2.14): 148 'C to 151 'C.

C. Specific optical rotation (2.2.7): + 105.5 to + 108.5
(anhydrous substance).

Dissolve 5.00 g in water R and dilute to 100.0 mL with the
same solvent.
D. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in toater R and dilute to 10 mL with thesame
solvent.
Reference solution (a) Dissolve 25 mg of maltitol CRS in
WQter R and dilute to 10 mL with the same solvent.
Reference solution (1)) Dissolve 25 mg of malti"'lCRS and
25 mg of sorbi"'/ CRS in water R and dilute to 10 mL with
the same solvent.
Plate TLC silica gel G plate R.

Mobile phase WUler R, e'hyIacelate R, pro[Ja",,1 R
(10:20:70 VIVIV).

Apph'cation 2 ~L.

Development Over 3/4 of the plate.

Drying In air.

Detection Spray with 4-aminobenzoic acidsolution R. Dry in a
current of cold air until the acetone is removed. Heat at
100-105 "C for 15 min. Allow to cool and spray with a 2 gIL
solutionof sodium perodaseR. Dry in a current of cold air.
Heat at 100°C for 15 min.

Sysum suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Pf>E" _

Maltitol

DEFINITION
4-0-«-D-Glucopyranosyl-D-g1ucitol (n-malritol).

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, crystaUine powder.

Solubility
Verysoluble in water, practically insoluble in anhydrous
ethanol.

A. (E)-butenedioic acid (fumaric acid),

Detection Spectrophotometer at 210 nm.

Injection 20 ~L.

Run tittle Twice the retention time of the principal peak in
the chromatogram obtained with the test solution.

Relative retention With reference to malic acid (retention
time = about 10 min): impurityB = about 0.8j
impurity A = about 1.5.

System suitability Reference solution (e):
- resolution: minimum 2.5 between the peaksdue to

impurity B and malic acid.
Limits:
- impurity A: not more than twice the area of the

corresponding peak in the chromatogram obtainedwith
reference solution (b) (1.0 per cent),

- {mpuniy B: not more than 0.25 times the area of the
corresponding peakin the chromatogram obtained with
reference solution (b) (0.05 per cent),

- any other impurity: for each impurity, not more than
0.5 times the area of the peak due to impurity B in the
chromatogram obtained withreference solution (b)
(0.1 per cent),

- total of other impuritits: not more than2.5 times the area of
the peak due to impurity B in the chromatogram obtained
with reference solution (b) (0.5 percent),

- disregard limit: O.J times the areaof the peakdue to
impurity B in the chromatogram obtained withreference
solution (b) (0.02 per cent).

Water (2.5.12)
Maximum 2.0 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.500 g in 50 mL of carbon dioxide-free' waterR.
Titrate with I M sadium hydroxUk determining the end-point
potentiometrically (2.2.20).

I mL of I M sodium hydroxitk is equivalent to 67.05 mg
ofc..H.O,.

IMPURITIES
Spetified impuruies A, B.

B. (Z)-butenedioic acid (maleic acid).
________________~_Pf>E"
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Results The principal spot in the chromatogram obtained
with the test solutionis similar in position, colourand size to
the principal spot in the chromatogram obtained with
reference solution (a).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method If).
Dissolve 5.0 g in waterR and dilute to 50 mL with the same
solvent.

Conductivity (2.2.38)
Maximum 20 ~S'cm-'.

Dissolve 20.0 g in carbon dioxide-free waterR prepared from
distilled water R and dilute to 100.0 mL with the same
solvent. Measure the conductivity of the solution, while
gently stirring with a magnetic stirrer.

Reducing sugars
Maximum 0.2 per cent, expressed as glucoseequivalent.
Dissolve 5.0 g in 6 mL of waterR with the aid of gentle heat.
Cool and add 20 mL of cupti-cimc solution R and a few glass
beads. Heat so mat boiling begins after 4 min andmaintain
boiling for 3 min, Cool rapidly and add 100 mL of a
2.4 per cent VIV solution ofglacial acetic acidR and 20.0 mL
of 0.025 M iodine. With continuous shaking, add 25 mL of a
mixture of 6 volumes of hydrochloric acidRand 94 volumes
of waterR and, when the precipitate has dissolved, titrate the
excess of iodine with 0.05 M sodium thiosulfate using 1 mL of
starchsolution R, added towards the end of the titration as
indicator. Not less than 12.8 mL of 0.05 M sodium thiosulfate
is required.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 5.0 g of the substance to be examined
in 20 mL of waterR and dilute to 100.0 mL with the same
solvent.
Reference solution (a) Dissolve 0.50 g of maltirol CRS in
2.0 mL of water R and dilute to 10.0 mL with the same
solvent.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with waterR.
Reference solution (c) Dilute 10.0 mL of reference
solution (b) to 100.0 mL with waterR.
Reference sdution (d) Dissolve 0.5 g of maltiwlRand 0.5 g
of sorbitol R in 5 mL of waterR and dilute to 10 mL with the
same solvent.
Column:
- size: I;;;; 0.3 rn, 0 :::: 7.8 nun;
- stationary phase: strong cation-exchange resin (calcium

form) R (9 ~m);

- temperature: 85 ± 1°C.
Mobile phase Degassed waterfor chromarography R.

Flaw rate 0.5 mUntin.
Detection Differential refractometer maintained at a constant
temperature (e.g. 35 "C),

lnjectitm 20 J.lI... of the test solution and reference
solutions (b), (c) and (d).

Run time 3 times the retention time of maltitol.
RellllifJe retention With reference to maltitcl (retention
time =about 16 mln): impurity B =about 0.8;
impurity A = about 1.8.

Maltitol 11-201

System suitability Reference solution (d):
- resolution: minimum 2.0 between the peaks due to maltitol

and impurity A.

Limits:
- any impurity: for each impurity, not more than the area of

the principal peak in me chromatogram obtained with
reference solution (b) (l.0 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtained with reference solution (b)
(2.0 per cent);

- disregard limit: the area of the principal peakin the
chromatogram obtained with reference solution(c)
(0.1 per cent).

Water (2.5.12)
Maximum 1.0 percent, determined on 1.00 g.

Microbial contamination
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion: 102 CFU/g (2.6.1Z).

If not intended for use in the manufacture of parenteral
preparations:
- TAMe: acceptance criterion 10' CFU/g (2.6.12);
- TYMC: acceptance criterion 102 CFU/g (2.6.12);
- absence of Escherichia coli(2.6.13);
- absence of SalmoneUa (2.6.13).

Bacterial endotoxins (2.6.14)
If intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of bacterial endotoxins:
- less than 4 IU/g for parenteral preparations havinga

concentration of less than 100 gIL of maltitol;
- less than 2.5 IU/g for parenteral preparations having a

concentration of 100 gIL or more of maltitol.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (a).
Calculate the percentage content of C12H240 Il taking into
account the assigned contentof rna/tirol CRS.

LABELLING
The label states:
- whereapplicable, the maximum concentration of bacterial

endotoxins;
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES

HOPS::
HO

A. n-glucitol (n-sorbitol),

HO~OH:b
0

0 ~OH,.oH
OH OH H H

HO HO 0 HO :'0\ ~~
HO OH

B. u-n-glucopyranosyl-ft~ 4)-«-o-glucopyranosyl-(l~ 4)-0­
glucitol (maltottiitol).

_____________________ PIIEur
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Liquid Maltitol
(Ph. Bur. monograph 1236)

Action and use
Excipient.

PhE<I ~ _

DEFINITION
Aqueous solution of a hydrogenated, partly hydrolysed
starch, composed of a mixture of mainly4-O<t-D~
g1ucopyranosyl-D-g1ucitol (o-maltitol) with D-g1ucitol (D­
sorbitol) and hydrogenated oligo- and polysaccharides.

Content
- D-malliUJ! (CI2H240U): minimum 50.0 per cent mlm

(anhydrous substance) and 95.0 per cenr to
105.0 per cent of the content stated on the label;

- D-sorbirol (C.H,.O.): maximum 8.0 per cent mlm
(anhydrous substance);

- anhydrous substance: 68.0 per cent mlm to
85.0 per cent mlm.

CHARACTERS
Appearance
Clear,colourless, syrupy liquid.

Solublllty
Miscible with water and with glycerol.

IDENfIFICATION
Firs< idenrification: A.
Second identification: B, C.

A. Examine the chromatograms obtainedin the assay.
Resuus The principal peak in the chromatogram obtained
with the test solution is similarin retention time to the
principal peakin the chromatogram obtained with reference
solution (a).

B. Thin-layer chromatography (1.2.27).

Test solution Dilute 0.35 g of the substance to be examined
to 100 mL with water R.
Referena solution (a) Dissolve 20 mg of ma/tirol CRS in
waeer R and dilute to 10 mL with the same solvent.
Referena solutOm (b) Dissolve 20 mg of maltirol CRS and
20 mg of sorbital CRS in waterR and dilute to 10 mL with
the same solvent.
Plate TLG silica gelG plate R.
Mobile phase water R, ethylaatate R, propanol R
(10:20:70 VIVIV).

Application 2 pL.

Development Over 3/4 of the plate.

Drying In air.
Detection Spray with 4-<Jminobenzoic acidsolution R. Dry in a
current of cold air until the acetone is removed. Heat at
100-105 °C for 15 min. Allow to cool and spray with a 2 gIL
solutionof sodium periodaee R. Dry in a current of cold air.
Heat at 100°C for 15 min.

System SUiMbility Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in positionand colour to the
principal spot in the chromatogram obtained withreference
solution (a).

C. To 3 mL ofa freshly prepared 100 gILsolution of
pyrocatechol R, add 6 mL of suifuri< acidR while cooling in
iced water. To 3 mL of the cooled mixrure, add 0.3 mL of

2022

solution S (see Tests). Heat gentlyover a naked-flame for
about 30 s. A pink colour develops.

TESTS
Solution S
Dilute 7.0 g to 50 mL with water R.
Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).
Conductivity (2.2.38)
Maximum 10 JlS.cm-1

) measured on undiluted liquid
maltitol while gently stirring with a magnetic stirrer.
Reducing sugars
Maximum 0.2 per cent, calculated as glucose equivalent.
To 5.0 g add 6 mL of water R, 20 mL of cupri-dtric
solution R and a few glass beads. Heat so thatboilingbegins
after4 min and maintain boilingfor 3 min. Cool rapidly and
add 100 mL of a 2.4 per cent VIV solution of glacial acetic
acid·R and 20.0 mL of 0.025 M iodine. With continuous
shaking, add 25 mL of a mixture of 6 volumes of hydrodllori<
acid R and 94 volumes of water R and) when the precipitate
has dissolved) titrate the excess of iodine with 0.05 M sodium
thiosulfate using I mL of starch solution R, added towards the
end of the titration) as indicator. Not less than 12.8 mL of
0.05 M sodium thiosulfate is required.

Water (2.5.1Z)
15.0 per cent mlm to 32.0 per cent mhn, determined on
0.100 g. Use as solvent a mixture of equalvolumesof
anhydrous methanol R and fonnamitk Rl. Carry out the
titration at about 50°C.

ASSAY
Liquid chromatography (1.1.29).

Test solution Mix 1.00 g of the solution to be examined with
20 mL of waterR and dilute to 50.0 mL with the same
solvent.
Reference solution (a) Dissolve 50.0 mg of ma/tital CRS in
2 mL of water R and dilute to 5.0 mL with the same solvent.
Referenasolution (b) Dissolve 8.0 mg of sorbiwl CRS in
2 mL of water R and dilute to 5.0 mLwith the same solvent.
Referenasolution (c) Dissolve 50 mg of maltirol Rand
50 mg of sorbirol R in 2 mL of water R and dilute to 5 mL
with the same solvent.
Column:
- size: 1= 0.3 m, 0 = 7.8 mmj
- sMtUmary phase: strong cation-exchange resin (cakium

form) R (9 pm);
- temperature: 85 ± 2°C.

Mobile phase Degassed water for chromarography R.
Flow rate 0.5 mllmin.

Detection Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 20 pI.
Run time 3 times the retention time of maltitol,
ReJau'fJe retention With reference to maltitol (retention
time =about 16 min): sorbitol =about 1.8.

System suitability Reference solution (c):
- resolution: minimum 2.0 between the peaks due to maltitcl

and sorbitol.
Calculate the percentage contentsof o-maltieol (ClzH24011)
and D-sorbitol (C6H1406) taking into account the assigned
contents of maltirol CRS and sorbital CRS.

LABELLING
The labelstates the content of o-maltitol.
___________________ PhE<I
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Maltodextrin
(Ph. Bur; monograph 1542)

Action and use
Excipient.

PO Ell _

DEFINITION
Mixture of glucose, disaccharides and polysaccharides,
obtained by the partial hydrolysis of starch.

The degree of hydrolysis, expressed as dextrose
equivalent (DE), is less than 20 (nominal value).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic powder or
granules.

Solubility
Freelysoluble in water.

IDENTIFICATION
A. Dissolve 0.1 gin 2.5 mL of waterR and heat with 2.5 mL
of cupti-umasic solution R. A redprecipitate is formed.

B. Dip, for 1 SJ a suitable stickwith a reactive pad containing
glucose-oxidase, peroxidase and a hydrogen-donating
substance, such as tetramethylbenzidine, in a 100 gIL
solutionof the substance to be examined. Observe the colour
of the reactive pad; within 60 s a colourchange is observed,
characteristic of me hydrogen-donating substance used (from
yellowto greenor blue if tetramethylbenzidine is used).
C. It is a powderor granules.

D. Dextrose equivalent (see Tests).

TESTS
Solution S
Dissolve 12.5 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

pH (2.2.3)
4.0 to 7.0.
Mix I mL of a 223.6 gIL solution of potassium chloride R and
30 mL of solution S.

Sulfur dioxide (2.5.29)
Maximum 20 ppm.

Loss on drying (2.2.32)
Maximum 6.0 per cent, determined on 10.00 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.5 per cent, determined on 1.0 g.

Dextrose equivalent
(DE): within 2 DE units of the nominal value.

Weigh an amountof the substance to be examined
equivalent to 2.85-3.15 g of reducing carbohydrates,
calculated as dextrose equivalent, into a 500 mL volumetric
flask. Dissolve in waterR and dilute to 500.0 mL with the
same solvent.Transfer the solution to a 50 rnL burette.
Pipette 25.0 mL of cupn-umasic solution R into a 250 mL
flask and add 18.5 mL of the test solution from the burette,
mix and add a few glass beads. Place the flask on a hot plate,
previously adjusted so that the solution begins to boil within
2 min ± 15 s. Allow to boil forexacily 120 s, add I mL of a
I gIL solution of melhylene blue R and titrate with the test
solution (V,) until the blue colour disappears. Maintain the
solution at boilingthroughout the titration. .

Manganese Gluconate 11-203

Standardise the cupri-tartaric solution usinga 6.00 gIL
solution ofglucose R (Vo).

Calculate the dextrose equivalent usingthe following
expression:

300 x Vox 100
V,xMxD

Vo total volumeof glucosestandard solution,in millilitres;
VI totalvolumeof testsolution, in millilitres;
M samplemass, in grams;
D percentage contentof dry matter in thesubstance"

Microbial contamination
TA.l\1C: acceptance criterion 103 CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).

LABELLING
The label states the dextrose equivalent (DE) (= nominal
value).

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics thai are
recognised as being relevant control parameters for oneormore
functions of the substance when usedasan excipient (see chapter
5.15). Someof thecharacteristics described in theFunctionality­
related charaaetistics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory quality
criteria; In such CQSes, a cross-reference to the tests described in the
mandatory pan is included in the Functionalit.y-related
characteristics section. Control of the characteristics "m contn"bute
to the quality of a medicinal product by improving the consistency
of the manufactuting proem and theperfonnance of the medicinal
product during use. Where control methods arecited, theyare
recognised as being suitable for the purpose, butother methods can
alsobe used. Wherever results for a particular characterism are
reported, the control method mustbe indicated.
The following characteristics may be relevant for maltodextrin used
asfiller and binder in tableu and capsules.

Dextrose equivalent
(see Tests).

Particle-size distribution (2.9.31 or 2.9.38)

Powder flow (2.9.36)
___________________ POE"

Manganese Gluconate
(ph. Eur. monograph 2162)

[

HO H co,.]H ..
. ·-OH

Mn" HO~\
uo 2

C.2H22MnO" ,xH20 445.2
(anhydroussubstance)

POElI _

DEFINITION
Anhydrous or hydrated manganese(ll) bis[(2R,3S,4R,5R)­
2,3,4,5,6-pentahydroxyhexanoate) (anhydrous or hydrated
manganese(ll) di(o-gluconate».
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PhEII _

___________________ PhEII

C,H,MnOoP",H 20 225.0
(anhydrous substance)

i

Hydrated Manganese
Glycerophosphate
(Ph. Bur. monograph 2163)

DEFINITION
Mixture of variable proportions of hydrated manganese(ll)
(2RS}-2,3-dihydroxypropyl phosphate and hydrated
manganese(ll) 2-hydroxy-I-(hydroxymethyl)ethyl phosphate.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or pale pink) hygroscopic powder.

Solubility
Practically insoluble in. water and in ethanol (96 per cent).
It is freely soluble in dilute mineral acids.

IDENTIFICATION
A. Mix I g with I g of potassium hydrogen sulfate R in a test
tube fitted with a delivery tube. Heat strongly and direct the
white vapour towards a piece of filter paperimpregnated with
a freshly prepared 10 gIL solution of sodium muoprusside R.
The filter paperdevelops a blue colour in contactwith
piperidine R.

B. Disperse 50 mg in 5 mL of waterR. Add 0.5 mL of
ammonium sulfide solutWn R. A pale pinkprecipitate is formed
that dissolves on the addition of 1 mL of acetic acidR.

H OH

Mn2+ X ~O"'p/~~
( ~ "
OH 0

andenantlomer • J(~o

To 10 mL of solution S add 1 mL of sulfuric acid Rand
0.1 mL ofpotQSsiumjtlTOcyanide solution R. After 30 51 any
opalescence in the solution is not more intense than thatin a
mixture of 1.0 mL of zinc standard solution (/0 ppm Zn) R,
9 mL of water R, I mL of sulfuric acidRand 0.1 mL of
potassium femxyaniJe solution R.

Water (2.5.32)
Maximum 9.0 per cent, determined on 80 mg.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

ASSAY
Dissolve 0.400 g in 50 mL of waterR. Add 10 mg of ascorbic
acidR, 20 mL of ammonium chloride buffer solution pH 10.0 R
and 0.2 mL of a 2 gIL solution of mordant black 11 R in
triethanolamine R. Titratewith 0./ M sodium edetate until the
colour changes fromviolet to pure blue.
1 mL of 0.1 M sodium edeuue is equivalent to 44.52 mg
of C12H22~In0I4.

STORAGE
In a non-metallic, airtight container.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or pale pink, slightly hygroscopic, crystalline powder.

Solubility
Soluble in water, practically insoluble in anhydrous ethanol,
insoluble in methylenechloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examinedin 1 mL of waterR.
Reference solutian Dissolve 20 mg of calcium g/uconate CRS
in 1 mL of water R, heating if necessary in a water-hath at
60°C.

Plate TLC silica gelplate R (5-40 urn) [or TLG silica gel
plateR (2-10 pm)].

Mob17e phase concentraud ammonia R, ethyl acelaUR,
waterR, ethana! (96 per cent) R (10: 10:30:50 VlVlVflI).

Application I pL.

Development Over 314 of the plate.

Drying At 105 °C for 20 min, then allow to cool to room
temperature.
Detection Spraywith a solution containing 25 gILof
ammonium ma!ybdate R and 10 gIL of cerium sulfate R in dilute
stdfuric acid R, and heat at 105 °C for about 10 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colourand size to
the principal spot in the chromatogram obtained with the
reference solution.
B. Dissolve 50 mg in 5 mL of waterR. Add 0.5 mL of
ammonium sulfide solution R. A pale pinkprecipitate is formed
that dissolves upon the addition of 1 mL of glacial acetic
addR.

TESTS
Solution S
Dissolve 1.0 g inwaterR and dilute to 50 mL with the same
solvent.

Appearance of solution
Solution S is not moreopalescent than reference
suspensionIl (2.2.1) and not more intensely colouredthan
intensity6 of the range of reference solutions of the most
appropriate colour (2.2.2, Method If).

Sucrose and reducing sugars
Dissolve 0.5 g in a mixture of 2 mL of hydrochlori< acidRI
and 10 mL of waterR. Boil for 5 min, allowto cool, add
10 mL of sodium carbonate solution R and allow to standfor
10 min. Dilute to 25 mL with waterR and filter. To 5 mL of
the filtrate add 2 mL of cupri-umoric solution R and boil for
I min. Allow to standfor 2 min. No red precipitate is
formed.

Chlorides (2.4.4)
Maximum 500 ppm.

Dilute 5 mL of solution S to 15 mL with water R.

Sulfates (2.4.13)
Maximum 500 ppm.

Dissolve 2.0 g in a mixture of 10 mL of acetic add Rand
90 mL of distilled water R.

line
Maximum 50 ppm.
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C. Ignite 0.1 g in a crucible. Take up the residue with 5 mL
of nitric add R and heat on a water-bath for 1 min. Filter.
The filtrate gives reaction (b) of phosphates (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in 20 mL of dllule hydrochkJric acidR. Filter if
necessary. Add dilute ammonia Rl until a precipitate is
formed. Dissolve the precipitate by addingthe minimum
quantity needed of dilute hydrochloric acid R and dilute to
100 mL with dis"l1ed waterR.

Glycerol and ethanol (96 per cent)-soluble substances
Maximum 1.0 per cenr,
Shake 1.00 g with 25 mL of ethanol (96 perem!! R for
I min. Filter. Evaporate the filtrate to dryness on a water­
bath and dry the residue at 70 °C for I h. The residue
weighs a maximum of 10 mg.

Chlorides (2.4.4)
Maximum 0.15 per cent.
Dissolve 0.22 g in a mixture of I mL of niuicacidR and
10 mL of waterR and dilute to 100 mL with waterR.

Phosphates (2.4.11)
Maximum 0.3 per cent.

. Dilute 1.0 mL of solution S to 100.0 mL with waterR.
To 10 mL of this solution add 140 mL of waterR.

Sulfates (2.4.13)
Maximum 0.2 per cent.

Dilute 5 mL of solution S to 50 mL with distiHed waterR.

Iron (2.4.9)
Maximum 50 ppm.

Dilute 4 mL of solution S to 10 mL with waterR.
Loss on drying (2.2.32)
Maximum 12.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

ASSAY
To 0.200 g add 1.5 mL of 1 M hydrochloric acid, 50 mL of
waterR, 10 mg of ascorbic acid Rand 20 mL of ammonium
chloride buffer solution pH 10.0 R. Stir until dissolution.
Immediately add 0.3 mL of a 2 gIL solution of mordant black
11 R in triethanolamine Rand titrate with 0.1 M sodium
edetate until the colour changes from violet to pure blue.
I mL of 0.1 M sodium elktate is equivalent to 22.50 mg
of C,H,MnO.P.

STORAGE
In an airtight container.
____________________ PIlE'"

Manganese Sulfate
Manganese Sulphate

MnSO..,4H,O 223.1 7785-87-7

DEFINITION
Manganese Sulfateis manganese(II) sulfate tetrahydrate.
It containsnot less than 98.0% and not more than 100.5%
of MnSO..) calculated withreference to the substance ignited
at 450 0 to 500 0

•

CHARACTERISTICS
Pale pink crystals or crystalline powder.
Freelysoluble in water; practically insoluble in ethanol (96%).

Manganese Sulfate II-205

IDENTIFICATION
A. Dissolve 0.5 g in 10 mL of waterand add I mL of sodium
sulfide solution. A pinkprecipitate is produced which is
soluble in 6M acetic acid.
B. To 0.1 g add 2 g of lead(Jv) oxide and 5 mL of nitric acid,
boil gentlyfor a few minutes,add 100 mL of waterand filter.
A purple solutionis produced.
C. Yields me reactions characteristic of sulfaus, Appendix VI.

TESTS
Arsenic
0.25 g complies with the limit testfor onmic, Appendix vn
(4 ppm).

Heavy metals
Dissolve 0.50 g in 50 mL of water, add I mL of 1M acetic
acidand pass hydrogen sulfide through the solution for
20 seconds. The colourproduced within 2 minutes is not
more intense than thatobtainedby treating 10 mL of lead
standard solution (2 ppm Pb) diluted to 50 mL in the same
manner (40 ppm).

Iron
Dissolve 1.0 g in 10 mL of waler and add 2 mL of
1M hydrochkJric add and, dropwlse, 0.05M potassium
permanganaze until a permanent pink colouris produced.
Add 5 mL of a 10% wlv solution of ammonium thiocyanate
and 20 mL of a mixture of equal volumes of isoamyl a1eohol
and amyl aataU, shake weU and allow to separate.
Any colour in the upperlayer is not more intense than that
obtained by treating 2 mL of iron standard solution (20 ppm
Fe) diluted to 10 mL in the same manner (40 ppm).

Zinc
Dissolve 2.0 g in 10 mL of water, add 3 mL of
1Mhydrochloric acidand 0.3 mL of a freshly prepared 3% wlv
solution of potassium hexacyanojerrau(II), mix and allow to
standfor 15 minutes. Any turbidity produced is not more
intense thanthat obtained by treating 10 mL of zinc standard
solution (100 ppm Zn) in the same manner (500 ppm).

Chloride
15 mL of a 1.0% wlv solution complies with the limit testfor
ch1mides, Appendix vn (330 ppm).

Loss on Ignldon
Whenignited to constant weightat 4500 to 500°, loses
31.0 to 34.0% of its weight. Use I g.

ASSAY
Dissolve 0.15 g in 40 mL of water, add 8 mL of freshly
boiledand cooled nin;c add, cool, add 1.5 g of sodium
bismuthale and shake for 2 minutes. Add 25 mL of a mixture
of 3 volumesof nimc acid and 97 volumes of water, filter,
wash the residue with 40 mL of the mixture, coUeering the
filtrate and washings in 50 mL of O.IM ammonium iron (H)
sulfate VS, and titrate immediately with 0.02M potassium
permanganate VS. Repeat the operation without the substance
beingexamined. The difference between the titrations
represents the amount of ammonium lI'on(II) sulfate required.
EachmL OrO.1M ammonium iron(lI) sulfate VS is equivalent
to 3.020 mg of MnSO•.
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PhE,; _

_________~ PhE"

69-65-8182.2

~
O H OH

H ;

HO \ ~o \H .~~
HO

Action and use
Diuretic.

Preparation
Mannitol Infusion

(ph. Eur. monograph 0559)

PhE" _

DEFINITION
n-Mannitol,

Content
97.0 per cent to 102.0 per cent (dried substance).

.CHARACTERS
Appearance
White or almost white crystals or powder.

Solubility
Freely soluble in water, practically insoluble inethanol
(96 per cent).

It shows polymorphism (5.9).•

IDENTIFICATION
First idemlficoiion: C.
OSeamd identification: A, B, D.

A. Specific optical rotation (1.1.7): + 23 to + 25 (dried
substance).

Dissolve 2.00 g of the substance to beexamined and 2.6 g of
disoclium tetmborau R in about20 mLof water R at 30 °Cj
shake continuously for 15-30 min without further heating.
Dilute the resulting clear solution to 25.0 mL with water R.
B. Melting point (see Tests).O

C. Infrared absorption spectrophotometry (2.2.14).

Comparison mannirol CRS.
If the spectra obtained in the solid stateshow differences,
dissolve separately in 2 glassvials25 mg of the substance to
be examined and 25 mg of the reference substance in
0.25 mL of distiOed water R without heating. The solutions
obtained are clear. Evaporate to dryness by heating in a
microwave oven with a power range of 600-700 W for
20 min or by heating in an oven at 100 °C for 1 h then
gradually applying vacuum until a dryresidue is obtained.
Non-sticky, white or slightly yellowish powders are obtained.
Record new spectra using the residues.
OD.Thin-layer chromatography (1.1.17).

Test solution Dissolve 25 mg of the substance to be
examined in waterR and dilute to 10 mL with me same
solvent.
Reference solurWn (a) Dissolve 25 mg of mannitol CRS in
waterR and dilute [0 10 mL with the same solvent.
Reference soluuon (b) Dissolve 25 mg of manniroI Rand
25 mg of sorbitol R in waterR and dilute to 10 mL with the
same solvent.

PIa« TLC silica gelpla« R.

Mannitol1**** ** ** ****

10034-96-5

Manganese Sulfate Monohydrate
Manganese Sulphate Monohydrate

(Ph. Eur. monograph 1543)

MnSO"H,O 169.0

DEFINITION
Content
99.0 per cent 10 101.0 per cent (ignited substance).

CHARACTERS
Appearance
Pale pink crystalline powder, slightly hygroscopic.

Solubility
Freelysoluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) gives reaction (a) of sulfates (1.3.1).

B. Dissolve 50 mg in 5 mL of water R. Add 0.5 mL of
sodium sulfide solution R. A pale pink precipitate is formed
which dissolves on the addition of 1 mL of anhydrous acetic
acid R.
C. Loss on ignition (see Tests).

TESTS
Solution S
Dissolve 10.0 g in distilled waterR and dilute to 100 mL with
the same solvent.

Appearance of solution .
SolutionS is not more opalescent thanreference
suspension II (1.2.1).

Chlorides (1.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S 10 15 mL with water R.

Iron (1.4.9)
Maximum 10 ppm, determined on solutionS.

Zinc
Maximum 50 ppm.

To 10 mL of solution S add 1 mL of sulfuric acidRand
0.1 mL of parassiumferrocyanide so/ution R. After 30 s, any
opalescence in the solution is not more intense than that in a
mixture of 5 mL of zinc standard so/utwn (10ppm Zn) R,
5 mL of water R, 1 mL of su/furi< acidR and 0.1 mL of
potassium ferocyonide solution R.

Loss on ignition
10.0 per cent to 12.0 per cent, determined on 1.00 g at
500 ± 50°C.

ASSAY
Dissolve 0.150 g in 50 mL of water R. Add 10 mg of ascorbic
acidR, 20 mL of ammonium chloride buffer solurian pH 10.0 R
and 0.2 mL of a 2 gIL solution of mordant black 11 R in
niethanolamine R. Titratewith 0.1 1\-1 sodium edetate until the
colourchanges from violet to pureblue.
1 mL of 0.1 M sodium edetate is equivalentto 15.10 mg
of MnSO,.

I This mQ110graph hasundergone phamracopoeiaJ hannonisariotL
Seechapter 5.8 Phamlaccpoew.1 hanmmisatiolt.
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jHobile phase waterR, ethylacetate RJ propanol R
(10:20:70 VIVIV).

Applicatwn 2 ~L.

Development Over 2/3 of the plate.

Drying In air.
Detection Spray with 4-aminobenzoic addsolution R and dry
in a current of cold airuntil the acetone is removed; heat at
100 °C for 15 min, allow to cool then spray with a 2 gIL
solution of sodium periodate R; dry ina current of cold airand
heat at 100 °C for 15 min.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in me chromatogram obtained
with the test solutionis similar in position, colourand size to
the principal spot in the chromatogram obtained with
reference solution (a),O

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method /1).

Dissolve 5.0 g in waterR and dilute to 50 mL with the same
solvent.

Conductivity (2.2.38)
Maximum 20 ~S.cm-I.

Dissolve 20.0 g in carbon dioxide-free walei' R prepared from
distilled walei' R by heating at 40-50 ·C and dilute to
100.0 mL with the same solvent. After cooling) measure the
conductivity of the solution while gently stirring with a
magnetic stirrer.

Melting point (2.2.14)
165 ·C to 170 ·C.

Reducing sugars
Maximum 0.1 per cent (calculated as glucose equivalent}.

To 7.0 g add 13 mL of waterR. Boil gently with 40 mL of
cupti-tanasic solution R for 3 min, and allow to standfor
2 min. A precipitate is formed, Filter through a sintered-glass
filter (16) (2.1.2) coated with diatomaceous eonnR or a
sintered-glass filter (10) (2.1.2). Wash the precipitate with
hot walel'R (about 50-60 .C) until the washing is no longer
alkaline, and filter the washings through the same sintered­
glass filter. Discard the filtrate. Immediately dissolve the
precipitate in 20 mL oflerric sulfate solution R, filter through
the same sintered-gJass filter, and wash the filter with
15-20 mL of water R. Combine the washings and the filtrate,
heat to 80 "C, and titrate with 0.02 M potassium
permanganate. Not more than3.2 mL is required [0 change
the colourof the solution from greento pink so that the
colourpersists for at least 10 s.

Related substances
liquid chromatography (2.2.29).

Test solutUm Dissolve 0.50 g of the substance to be
examined in 2.5 mL of walei' R and dilute to 10.0 mL with
the same solvent.
Reference solutwn (a) Dissolve 0.50 g of mannitol CRS in
2.5 mL of walei' R and dilute to 10.0 mL with the same
solvent.
Reference solution (b) Dilute 2.0 mL of the test solution to
100.0 mL with walei' R.
Reference solutian (c) Dilute 0.5 mL of reference solution (b)
to 20.0 mL with walel'R.

Mannitol 11-207

Reference solution (d) Dissolve 0.25 g of mannitol Rand
0.25 g of sorbitol R (impurity A) in 5 mL of waterRand
dilute to 10 mL with the same solvent.
Reference solution (e) Dissolve 0.5 g of ma/tirol R
(impurity B) and 0.5 g of isomalt R (impurity C) in 5 mL of
water R and dilute to 100 mL with me same solvent Dilute
2 mL of the solution to 10 mL with waterR.
Column:
- size: /;;;; 0.3 m, 0 ;;;; 7.8 mm;
- stationary phase: strong cation-exchange resin (caldum

lomrJ R (9 ~m);

- temperature: 85 ± 2 °C.
MoMe phase Degassed uxnerfor chromatography R.

Flow rate 0.5 mlJmin.

Dneaion Differential refractometer maintained at a constant
temperature (e.g. 40 ·C).

Injection 20 J,JL of the test solution and reference
solutions (b), (c), (d) and (e).

Run lime 1.5 times the retention time of mannitol.
Identification of impurities Use the chromatogram obtained
with reference solution (d) to identify the peakdue to

impurity A and the chromatogram obtained with reference
solution (e) to identify the peaks due to impurities B and C.

Relative retention Withreference to mannitol (retention
time =about 20 min): impurity C (I" peak) =about 0.6;
impurity B =about 0.7; impurity C (2nd peak) =about 0.73;
impurity A =about 1.2. Impurity C elutes in 2 peaks.
Coelution of impurity B and me 2nd peakdue to impurity C
may be observed.
Systemsuitabai!y Reference solution (d):
- resolution: minimwn 2.0 betweenthe peaks due to

mannitoland impurity A.
Limits:
- impurity A: not more man the area of the principal peak

in the chromatogram obtained with reference solution (b)
(2.0 per cent);

- sum of impun"ties Band C: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (b) (2.0 per cent);

- unspecified impurities: for each impurity) not more than
twice the area of the principal peakin the chromatogram

• obtained with reference solution (c) (0.10 per cent);
- IOtal: not more than the area of the principal peak in the

chromatogram obtainedwith reference solution (b)
(2.0 per cent);

- disregard limit: the area of the principal peakin the
chromatogram obtainedwithreference solution (c)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for4 h.

Microbial contamination
H intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 102 CFU/g (2.6.11).

If not intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 10' CFU/g (2.6.11);
- TYMC: acceptance criterion 102 CFU/g (2.6.12);
- absence of Escherichia cali (2.6.13);

¢---1lbsence of Sa/moneDa (2.6.13).0
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""Ell _

__________________ /'hf<l

10347-81-6

Hel

313.9

Action and use
Antidepressant.

product during use. Where conr.:rol methods aredud, theyare
recognised as being suitable for thepurposeJ but other methods can
also be used. Wherever results for a particular characteristic are
reponed, the control methodmust be indicated.
The following characteristics may be relevant for mannitol used as
finer in tablets and capsules.

Particle-size distribution (2.9.31 or 2.9.38)

Powder flow (2.9.36)

Maprotiline Hydrochloride
(Ph. Bur. monograph 1237)

~
O H OH

H .:
Ho \ . . ····OH

'. H
HO H

Ho

+Bacterial endotoxins (2.6. If)
If intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of bacterial endotoxins:
- less man 4 Wig for parenteral preparations havinga

concentration of 100 gIL or less of mannitol;
- less than 2.5 IU/g forparenteral preparations having a

concentration of more than 100 gIL of mannkol.e

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (a).
Calculate the percentage contentofC6H1406 taking into
account the assigned content of mannitol CRS.

LABELLING
The label states:
- whereapplicable, the maximwn concentration of bacterial

endotoxins;
- whereapplicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES
Specified impurities A, B, C.

A. n-glucirol (n-sorbitol),

HOb OH

OH 0~'I::
HO 0' OH

HO H'·'·
HO

OH

B. 4-Q-a-o-g1ucopyranosyl-o-g1ucitol (o-maltitol),

HOb HOb

OH OH

HO OHo~~~o.~ ,HO OHo~~o.~
H.. OH H.. OH

HO .. H HO ,.OH

OH H

OH OH

C. mixture of 6-Q-a-o-g1ucopyranosyl-o-g1ucitoland I-Q-a-
o-g1ucopyranosyl-o-mannitol (isomalt),

FUNCTIONALITY-RELATED CHARACfERISTICS
This section provides injonnation on charaaetistics mat are
recognised as being relevant control parameterS for one or more
fimctWns of the substance when used as an excipient (see chapter
5.15). Some of the characrmsties described in the Functumality­
related characteristics section may also bepresent in the mandatory
pan of the monograph since they also represent mandatory quality
cmena: In such cases, a cross-reference 10 the tests described in the
mandatory pan is included in the Functionality-related
characteristics section. Control of the characterisrics can amnibule
to the qualilyof a medicinal product by improving the consistency
of themanufacturing process and the peifonnanu of the medicinal

DEFINITION
3-(9, I0-Bthanoanthracen-9(1OH}-yl)-N-methylpropan-I­
amine hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystaUine powder.

Solubility
Slightlysoluble in water, freely soluble in methanol, soluble
in ethanol (96 per cent), sparingly soluble in methylene
chloride,veryslightly soluble in acetone.
It shows polymorphism (5.9).

IDENTIFICATION
First identification: B, D.
SecondUkntification: A, C, D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 10 mg in I M hydrochloric acidand
dilute to 100 mL with the same acid.

Spectral range 250-300 nm.
Absorption maxima At 265 nm and 272 nm.
Absorption minimum At 268 nm.

Absorbanu ratio Am/A,., =1.1 ro 1.3.
B. Infrared absorption spectrophotometry (2.2.2f).

Comparison maprotiline hydrochloride CRS.

If the spectra obtainedshow differences, dissolve the
substance to be examined and the reference substance
separately in methanol R, evaporate to dryness and record
new spectra using the residues.
C. Thin-layer chromatography (2.2.27).
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Test solution Dissolve 25 mg of the substance [0 be
examined in methanol R and dilute to 5 mL with the same
solvent.
Reference solution (a) Dissolve 25 mg of maprotiline
hydrochloride CRS in methanol R and dilute to 5 mL with the
same solvent.

Reference solution (b) Dissolve 10 mg of maprotiline
impurity D CRS in reference solution (a) and dilute to 2 mL
with reference solution (a).
Plat< TLC sitica gelF", pkue R.
Mobile phase ethyl acetate R, dilut< ammoniaRl, 2-butanol Rl
(4:5:14 VIVIV).

Application 5 ~L.

Development Over half of the plate.

Drying In a current of warm air.
Detection Examine inultraviolet light at 254 nm.
Systemsuitability Reference solution (b):

- me chromatogram shows 2 clearly separated principal
spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

D. Dilute 0.5 mL of solution S (see Tests) to 2 mL with
methanol R. The solution gives reaction (a) of chlorides
(2.3.1).

TESTS
Solution S
Dissolve 1.0 g in methanbl R and dilute to 20 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intenselycoloured
than reference solution BY6 (2.2.2, MethodII).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.10 g of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 2.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 1.0 mg of maprotiline
impurityD CRS in the test solution and dilute to 10.0 mL
with the test solution.
Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: silka gelfor chromawgraphy R (5 pm),

Mobile phase Dissolve about 0.580 g of ammonium acetate R
in 200 mL of waterR and add 2 mL of a 70 gIL solution of
concentrated ammonia R; add 150 mL of 2-propanol R and
650 mL of methanol R; the resulting apparent pH value is
between 8.2 and 8.4.

Flow rat< I mllmin.

Detection Spectrophotometer at 272 nm.
Injection 20~.

Run time 1.5 times the retention time of maprotiline.
Identification of impunties Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity D.

Relativeretention Withreference to maprotiline (retention
time =about 10 min): impurity A =about 0.3;

Maprotiline hydrochloride 11-209

impurity B == about0.5; impurity C =about 0.7;
impurity D = about 0.8; impurity E = about 1.3.

System suitability Reference solution (b):
- resolution: 1.8 to 3.2 between the peaks due to impurity D

and maprotiline; if necessary, adjust the pH of the mobile
phase, in steps of 0.1 pH unit, by addinga
50 per cent VIVsolution of acetic acid R if the resolution
is less than 1.8, or by adding a 70 gIL solution of
concentrated ammonia R if the resolution is greater than
3.2.

Limits:
- impurities A, B, C, D, E: for each impurity) not more than

the area of the principal peakin the chromatogram
obtained with reference solution (a) (0.2 per cent);

- unspecified impun·ties: for each impurity) not more than
0.5 times the area of the principal peak in the
chromatogram obtained withreference solution (a)
(0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(1.0 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 80°C at a pressure not exceeding2.5 kPafor 6 h.

Sulfated ash (2.4.14)
Maximum0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixrure of 5 mL of 0.1 M hydrochloric
acidand 50 mL of ethanol (96 percen!J R. Cony out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 31.39 mg of
C,oH2,CIN.

IMPURITIES
Specified impurities A, B, C, D, E.

c..~ CHO

A. 3-(9, I o-e thanoan thracen-9( I 0H)-yl)prop-2-enal,

B. 3-(9,1 0-ethanoanthracen-9(1OH)-yl)-N-[3-(9,10­
ethanoanthracen-9(lOH)-yl)propyl]-N-methylpropan-l­
amine,
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Time MobUe phase A MobUe phase B
(min) (per cent VJ1J) (per cent VII')

0·15 80 -> 70 20 -> 30

15·20 70 -> 10 30 -> 90

20 - 25 10 90

Flew rate 1.2 mUmin.

Detection Spectrophotometer at 250 nm.

Inj«tion 10 ~L.

ldentification of impun"ties Use the chromatogram supplied
with mebendaro/e for 'Y'um suitability CRS and the
chromatogram obtainedwith reference solution (a) to
identify the peaks due to impurities A, B) C) D) E) F and G.
Relative retention With reference to mebendazole (retention
time = about 12 min): impurity A = about 0.4;
impurity B = about 0.5; impurity C = about 0.7;
impurity 0 =about 1.1; impurity E =about 1.3;
impurity F =about 1.4; impurity G =about 1.6.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 4) where HI' == height above

the baseline of the peak due to impurity 0 and
H, == height above the baselineof the lowestpoint of the
curveseparating this peakfrom the peak due to
mebendazole,

Limits:
- correction factor: for the calculation of content) multiply the

peak area of Impurity G by 1.4;
- impun"ty G: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.5 per cent);

- impmities A, B, C, D, EJ F: for each impurity) not more
than the area of the principal peakin the chroma togram
obtained with reference solution (b) (0.25 per cent);

- unspuified impurities: for each impurity) not more than
0.4 times the areaof the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.10 per cent);

Preparation Examine the substances without prior
treatment.

Comparison mebendazole CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to be
examined in dimethylformamide R and dilute to 25.0 mL with
the same solvent.
Reference solution (a) Dissolve 5.0 mg of mebendazo/e for
system su;tabiJil;Y CRS (containing impurities A) B, C, D, E, F
and G) in dimethylformamide R and dilute to 5.0 mL with the
same solvent"
Reference solwion (b) Dilute 1.0 mL of the test solution (0

100.0 mL with dimethylformamide R. Dilute 5.0 mL of this
solution to 20.0 mL with dimethylformamide R.
Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- stationary phase: base-deacthxued octluJuylsilyl silica gelfor

chromawgraphy R (3 um),
- temperature: 40°C.

Mobile phase:
- mobile phase A: 7.5 gIL solution of ammonium aaUlU R;
- mobile phase B: autonitrile R;

31431-39-7295.3

o CH3

~ " '("I rr }-N{:O
~N

o

Action and use
Benzimadazole antihelminthic.

Preparations
Mebendazole Chewable Tablets

Mebendezole Oral Suspension

(ph. Bur. monograph 0845)

E. 3-(9,10-ethanoanthracen-9(10H)-yl)-N,N-dimethylpropan­
f-amine.

P1>E" _

D. 3-(9, I0-ethanoanthracen-9( I0H)-yl)-N-methylprop-2-en­
l-amine (dehydromaprotiline),

_________________~_ P1>E"

C.3-(9,10-ethanoanthracen-9(10H)-yl)propan-l-amine,

DEFINITION
¥ethyl (5-benzoyl-lH-benzimidazol-2-yl)carbamate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, in ethanol (96 per cent) andin
methylene chloride.
lr shews polymorphism (5.9). The acceptable crystalline form
corresponds to mebendazo/e CRS.

IDENTIFICATION
Infrnred absorption spectrophotometry (2.2.24).

Mebendazole

www.webofpharma.com



2022 Mebeverine Hydrochloride 11-211

____________________ PhE>8

G. N,N' -bis(5-benzoyl-IH,-benzimidazol-2-yl)urea.

F. methyl [5-(4-methylbenzoyl)-IH-benzimidazol-2-yl]
carbamate,

**** ** *
*****(Ph. Bur. monograph 2097)

Mebeverine Hydrochloride

~
H J ~~o "'" :}-~ ~-<;. # 0

I '" I '"
# #

- total: not more than 4 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(1.0 per cent);

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Sulfated ash (2.4. I if)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 3 ml; of anhydrous formic acidR and add
50 ml, of a mixture of I volume of anhydrous aceuc acid R
and 7 volumes of methylethylketone R. Titrate with 0.1 M
perch/on", acid, detennining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 29.53 mg of
C,oH13N,O,.
STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E.I F, G.

Action and use
Smooth muscle relaxant; antispasmodic.

Preparation
Mebeverine Tablets

A. (2-amino-IH-benzimidazol-5-yl)phenylmethanone,

0yCX
~

I I }-OH
# "'" N

o

c..,H"CINO, 466.0 2751-45-9

B. (2-hydroxy-IH-benzimidazol-5-yl)phenylmethanone, PhEor _

FH3

('I ('rN}-NH,
~N

o

C. (2-amino-l-methyl-1 H-benzimidazol-5-yl)
phenylmethanone,

D. methyl (5-benzoyl-l-methyl-lH-benzimidazol-2-yl)
carbamate,

E. ethyl (5-benzoyl-IH-benzimidazol-2-yl)carbamate,

DEFINITION
4-[Ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]butyl
3,4-dimethoxybenzoate hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Verysoluble in waterand in methylene chloride, freely
soluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorprion spectrophotometry (2.2.2if).

Comparison mebeoerine hydrochloride CRS.
B. Dissolve 25 mg in 2 ml, of water R, acidify with dilute
nitric acid R and centrifuge. The supernatant gives
reaction (a) of chlorides (2.3.1) starting from 'add 0.4 ml, of
silvernitrate solution Rt',

TESTS
pH (2.2.3)
4.5 to 6.5.

Dissolve 0.2 g in carbon dioxide-.free water R and dilute to
10 mL with the same solvent.
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Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonilrile R, waterR (50:50 VIV).
Test solution Dissolve 0.100 g of the substance to be
examined in the solventmixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 rnL of this
solution to 10.0 mL wirh the solvent mixture.

Reference solution (b) Dissolve the contentsof a vial of
mebeverine for SYStem suitability CRS (containing impurity D in
1 mL of the solvent mixture.
Colwnn:
- size: I = 0.25 m, 0 = 4.0 nun;
- stationary phase: octad«ylsilyl silica gelfur chromatagraphy R

(5 urn).

Mobile phase:
- mobile phase A: mix 1 volume of triethylamine Rand

100 volumes of water fur chromawgraphy R and adjust to
pH 5.0 with phosphoric acidR;

- mobile phase B: acewnitriJe for chromatography R;

2022

I mL of 0.1 M perchloric acid is equivalent to 46.60 mg
of C"H"CINO,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities J.
Otherdetectable impurities (the folWwing substances wollld, if
present at a sufficiem level, be detected by one orother 0/the ttsts
in the ntonagraph. They are limited by the general acceptance
criterion fur other/unspecified impurit;"andlur by thegeneral
monograph Substances fur phannaceutical use (2034). It is
therefore notneassary to identify these ;mpun',ies for
demonstration of campliance. See also 5.10. Control of impUl'.;"
in substances forphannauutkal use) A, B, C, D, E, F, G, H,
I, K, N, O.

o~
CH, ~OCH,

A. 1-(4-methoxyphenyQpropan-2-one,

Time MobUe phase A MobUe phase B
(mIn) (per cent I'm (per cent 1'11I)

0-. 75 2'
6 - 20 75 ...... 30 25 ...... 70

20 - 40 30 70

andenanUomer

Flow race I mUmin.
Deration Spectrophotometer at 220 nm.
Injection 2 flL.
ldemificatio» of impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity J.
Reultive retention Withreference to mebeverine (retention
time =about IS min): impurity J =about 0.82.

System suitability:
- resolution: minimum 3.5 between the peaksdue to

impurity Jand mebeverine in the chromatogram obtained
wilh reference solution (b);

- signal-to-noise ratio: minimum 70 for the prindpal peakin
the chromatogram obtainedwith reference solution (a).

Cakulaoon of percentage concents:
- correction factor: multiply the peak area of impurity J by

3.5;
- for each impurity, use the concentration of mebeverine

hydrochloride in reference solution (a).
Limits:
- impurily J: maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximwn

0.10 per cent;
- total: maximum0.3 per cent;
- repurring threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 1 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1,0 g.

ASSAY
Dissolve 0.400 g in a mixture of 20 rnL of acetic anhydritk R
and 30 mL of glacial acetic acidR. Titrate with O. I M
perchlom acid, determining the end-point potentiometrically
(2.2.20).

B. (2RS)-N-ethyl-I-(4-methoxyphenyl)propan-2-amine,

andenantiorner

C. 4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butan-1-01,

("yCo,H
H)CO~

OCH,

D. 3,4-d.imethoxybenzoic acid,

E. -l-chloroburyl 3,4-<limethoxyhenzoate,

~O~I
H)COY

OCH,

F. 4-iodobutyl 3,4-<limethoxyhenzoate,
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andenanUomer

G. 4-[[(2RS)-I-[4-[4-[(3,4-dimethoxybenzoyl)oxy]bulOxy]
phenyl] propan-2-yl](ethyl)amino]butyl
3,4-dimethoxybenzoate,

O. 4-[ethyl](2RS)-I-(4-methoxy-3-methylphenyl)propan-2-yl]
aminojbutyi 3,4-dimethoxybenzoate.

____________________ PhE,;

andenanUomer

**** ** ** ****

1104-22-9

.2HCI

463.9

Meclozine Hydrochloride
(Medozine Dihydrochloride, Ph. Bur. monograph
0622)

Action and use
HistamineHI receptor antagonist; antihistamine.

H. 4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butyl 4-hydroxy-3-methoxybenzoate,

J. 4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butyl 3-hydroxy-4-methoxybenzoate,

J. 4,4' -oxyhis[N-ethyl-N-[(2RS)-I-(4­
methoxyphenyl)propan-2-yl]butan-I-amine],

K. 4-[4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butoxy]butyl 3,4-dimethoxybenzoate,

N.4-[ethyl[(2RS)-I-(4-methoxyphenyl)propan-2-yl]amino]
butyl 2-chloro-4,5-dimethoxybenzoate,

PhE,; _

DEFINITION
1-[(RS)-(4-Chlorophenyl)phenyhnethyl]-4-[(3-methylphenyl)
methyl]piperazine dihydrochloride.

Content
98.0 per cent 10 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white, slightly hygroscopic, crystalline
powder.

Solublllry
Slightly soluble in water, soluble in ethanol (96 per cent) and
in methylenechloride.

IDENTIFICATION
Firs< identification: B, D.
Second identification: A, C, D.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 15.0 109 in 0.1 M hydrochlori< acidand
dilute to 100.0 mL with the same acid. Dilute 10.0 mL of
this solution to 100.0 mL with 0.1 M hydroch/orU: acid.
Spearal range 220-350 nm.

Absorption maximum At 232 nm.

Specific absorbance a, the absorption maximum 345 to 380
(anhydrous substance).

The solution also shows a weak absorbance without a defined
maximum between 260 om and 300 run.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison medozine dihydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg of the substance to be
examinedin methanol R and dilute to 10 mL with the same
solvent.

www.webofpharma.com



11-214 Meclozine Hydrochloride

Reference solution Dissolve 50 mg of medozine
dihydrochloride CRS in methanol R and dilute to 10 mL with
the same solvent.
Ptate TLC silica gelGFm plate R.
Mobile phase diethylamine R, toluene R, cydohexane R
(10:15:75 VIVIV).

Application 10 ~L.

Development Over 2/3 of the plate.

Drying In a current of wann airfor 5 min.
Detection Examine in ultraviolet light at 254 nm.
Results The principal spot in the chromatogram obtained
with the test solutionis similar in positionand size (Q the
principal spot in the chromatogram obtained with the
reference solution.
D. Dissolve about 15 mg in 2 mL of ethanol (96 per cen,) R.
The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Acidity or alkalinity
Calculate the acidity or alkalinity from the titration volumes
obtained in the assay using the following equation:

VI volume of 0.1 M.sodium hydnxcilk added at me I" poinl of
inflexion;

V2 volumeof 0.1 M todimn hydroxide addedat the 2nd point of
inflexion.

A is not less than -0.3 mLand not more than 0.3 mLfor
0.350 g of the substance to be examined.

Related substances
Liquid chromatography (2.2.2!T).
Solven'mixture acetonilrile R, water R (50:50 VIV).

Testso/uuon Dissolve 50 mg of the substance to be
examined in the solventmixture and dilute to 100.0 mL with
the solventmixture,
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixrure.
Reference solution (b) Dissolve 7.5 mg of mecWzine
impurity B CRS and 7.5 mg of medozine impurity H CRS in
the solvent mixture and dilute to 10000 mL with the solvent
mixture. Dilute 1.0 mL of this solution to 100.0 mL with the
solvent mixture.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- suuionary phase: end-capped ethylene-bridged oe'adecylsiJyl

silica gelfor chromawgraphy (hybrid malerial) R (3.5 urn);
- temperature: 35 'C.
Mobile phase:
- mobile phase A: 0.1 per cent VIYsolutionof concentrated

ammonia R;
- mobile phaseB: acetonilrile Rl;

Tim' Mobile phase A MobiJephase B
(mIn) (per cent V/Y) (per cent V/Jo?
0-3 60 .0
3· 13 60...., 15 40...., 85

13·23 15...., 5 85...., 95

23 - 33 5 95

Flew rat< 1.0 mUmin.
Detection Spectrophotometer at 225 run.
Injection 10 1'1-.

2022

Identification of impurities Use the chromatogram obtained
with reference solution (b) 10 identify the peaksdue to
impurities Band H.

Relative retennon With reference to meclozine (retention
time ~ about 18 min): impurity B ~ about 0.45;
impurity H ~ about 0.49.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaksdue to

impurities Band H.
limits:
- impun°/y B: not more than 1.5 times the area of the

corresponding peakin the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified imptmues: for each impurity) not morethanthe
area of the principal peakin the chromatogram obtained
withreference solution (a) (0010 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the areaof the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Waler (2.5.12)
Maximum 5.0 per cent, determined on 0.200 g.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 50 mL of ethanol (96 per <en0 R. Cany
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent to 46.39 mg
of C,sH2,CI,N2'

STORAGE
In an airtight container.

IMPURITIES
Specified impuri,ies B.

Other det<clObIe impurities (the folkJwing substances would, if
present at a sufficient level, be detected by oneor other 0/the tests
in the monograph. They are limit<d by thegeneral acceplOnce
criterion for otherlunspecified impuri'ies and/or by thegeneral
monograph SubslOnces for pharmaceutical use (2034). I' is
therefore no' necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in mbstames forpharmaceutical use) C, D, E, F, H.

f}- H
: andenantlomer

"'" I OH

CI ' 0

B. (RSJ-(4-chlorophenyl)phenylmethanol,

d=
I 0

Ct ""

C. (4-chlorophenyl)phenylmethanone
(4-chlorobeR2ophenone),
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CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, soluble in acetone, sparingly soluble inethanol
(96 pet cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison medroxyprogesterone acetate CRS.

TESTS
Specific optical rotation (2.2.7)
+ 47 to + 53 (dried substance).

Dissolve 0.250 g in acetone R and dilute to 25.0 mL with the
same solvent.

Impurity F
Liquid chromatography (2.2.29).

Test solUlion Dissolve 20 mg of the substance to be
examined in 5.0 mL of acetonitrile Rl and dilute to 10.0 mL
with water for chromatography R.

Reference solution (a) Dilute 1.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.

Reference solution (b) Dissolve 10 mg of medroxyprogesterone
acetate forpeak identification CRS (containing impurity F) in
3.0 mL of acetonitrile R1 and dilute to 5.0 mL with waterfor
chromatography R.

Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- srationary phase: end-eapped oetadecylsi/yl silica gelfor

chromatography R (3 um).

Mobile phase waterfor chromatography R, acetonitrile R1
(44:56 VIJI).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 200 nm.

Inj«tion 25 ~L.

Identification of impuniies Use the chromatogram supplied
with medroxyprogesterone acetale forpeak identification CRS and
the chromatogram obtained with reference solution (b) to
identify the peak due to impurity F.

Relative retention Wirh reference to medroxyprogesterone
acetate (retention time :;:: about 8 min):
impurity F =about 1.8.

Limit:
- correction fatter: for the calculation of content, multiplythe

peak area of impurity F by 1.8;
- impun'ly F: not more than the area of the principal peak in

the chromatogram obtainedwith reference solution (a)
(0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, water R (50:50 VIV).
Testsolution Dissolve 20 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution (a) Dissolve 4 mg of medroxyprogesterone
acetate for system suitability CRS (containing impurities A, B,
C, D, E, G and I) in the solvent mixture and dilute to
2.0 mL with the solvent mixture.

Reference solution (b) Dilute 1.0 mL of the test solution to
lOO.O mL with the solventmixture.

CI

71-58-9386.5

CI

D. I, I '-(1,3-phenylenebismethylene)bis[4-[(4-chlorophenyl)
phenylmethyl)piperazine),

Medroxyprogesterone Acetate

H.I-[(RS)-(4-chlorophenyl)phenylmethyl)piperazine.

j}.H
and enaoliomer

'" Nl
CI" ~NH

F. 1,4-bis[(4-chlorophenyl)phenylmethyl)piperazine,

CI "'- I ~N. I -'"

'"
--'

E. 1-(diphenylmethyl)-4-[(3-methylphenyl)methyl)piperazine,

___________~ PhE"'

(ph. Bur. monograph 0673)

Action and use
Progestogen.

Preparadons
Medroxyprogesterone Injection
Medroxyprogesterone Tablets

DEFINITION
6a-Methyl-3,20-dioxopregn-4-en-17-yl acetate.

Content
97.0 per cent to 103.0 per cent (dried substance).

PhE" _
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o

o

the absorbance (2.2.25) at the absorption maximum at
241 nm.

Calculate the content of C24H3404 taking the specific
absorbance to be 420.

STORAGE
Protected from light.

IMPURITIES
Specified impunues A, B, G, D, E, F, G, I.
Other detectable impurities (thefolhnoing substan'" would, if
present at a su/ficknt level, bedetected by tmeor other of the lests
in themonograph, Theyare limited by the general acceptance
cruenon for otherlunspecified impnrities andlor by the general
monograph Subsean'" for pharmacentical use (2034). It is
therefore notnecessary to identify these impurities for
demonstration of compliance. Seealso 5.10. G(}TItrol of impun"ties
in substances for pharmaceutical use) H.

o

o

A. 6~-hydroxy-6-methyl-3,20-dioxopregn-4-en-17-yl acetate
(6-hydroxymedroxyprogesterone acetate),

B. 17-hydroxy-6a-methylpregn-4-ene-3,20-dione
(nnedroxyprogesterone),

C. 6",17a-dimethyl-3, 17-dioxo-D-homoandrost-4-en-17a,,-yl
acetate,

D. 6I\-methyl-3,20-dioxopregn-4-en-17-yl acetate
(ti-epunedroxyprogesrerone acetate),

Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL withthe solvent mixture.
Column:
- size: I = 0.25 m, 0 = 3.0 mID;
- stationary phase: end-capped octadeeylsilyl silica gelfor

chromatography R (5 fUll);
- temperature: 60 "C.

Mobile phase tetrahydrofuran R, acetonitn'l: R, water R
(12:23:65 VIVW).

Fhno rate 0.9 mUmin.

Detection Spectrophotometer at 254 run.
Injection I 0 ~L.

Run time Twice the retention timeof rnedroxyprogesterone
acetate.

Identifioou"on of impurities Use the chromatogram supplied
with medroxyprogesterone acetate for system suitabililY CRS and
the chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, DJ E, G and 1.
Relativeretention Withreference to medroxyprogesterone
acetate (retention time = about 20 min):
impurity A = about 0.3; impurity I = about 0.5;
impurity H =about 0.65; impurity B =about 0.7;
impurity C =about 0.8; impurity G =about 0.85;
impurity D =about 0.9; impurity E =about 0.95.

System suitability Reference solution (a):
- pook-to-valley ratio: minimum 2.5, where H. =height

above the baseline of the peak due to impurity E and
H" = heightabove the baseline of the lowestpoint of the
curve separating thispeak from the peak due to
medroxyprogesterone acetate.

Limits:
- correaion factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 1.5;
impurity G =2.6;

- impun't;y D: not more thanthe area of the principal peak
in the chromatogram obtained withreference solution (b)
(1.0 per cent);

- impurity B: not morethan0.7 times the area of the
principal peakin the chromatogram obtained wnh
reference solution (b) (0.7 per cent);

- impun''Y A: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.3 percent);

- impurities G, B, G, I: foreachimpurity, not more than
twicethe area of the principal peakin the chromatogram
obtained with reference solution (c) (0.2 per cent);

- unspecified impun"tie.s: foreachimpurity, not more thanthe
area of theprincipal peak in me chromatogram obtained
with reference solution (c) (0.10 per cent);

- wud: not morethan 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.5 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (c)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 0.500 g by drying in
an oven at 105°C for 3 h.

ASSAY
Dissolve 50.0 mg in ethanol (96 per cent) R and dilute to
50.0 rnL with the Same solvent. Dilute 2.0 rnL of the
solution to 100.0 rnL with ethanol (96 per ,,"t) R. Measure
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Action and use
Cyao-oxygenase Inhibitor, anargeric anti-inflammatory.

Preparations
Mefenamic Acid Capsules
Mefenamic Acid Tablets

a

a
Ctl,

E. 6-rnethylidene-3,2o-dioxopregn-4-en-17-yl acetate
(6-mel:hylenehydroxyprogesterone acetate),

a

Mefenamic Acid
(Ph. Eur. monograph 1240)

C15H,,NO, 241.3 61-68-7

F. ec-methyl-3,20-dioxo-5p-pregnan-17-yl acetate (4,5­
dihydromedroxyprogesterone acetate),

CH,

G. 6-methyl-3,20-dioxopregna-4,6-dien-17-yl acetate
(megestrcl acetate),

H. 3,20-dioxopregn-4-en-17-yl acetate (hydroxyprogesterone
acetate),

I. 17all-hydroxy-6, 17a-dimethyl-D-homoandrost-4-ene-3,17­
dione.

____________________ PIIE"

PhE" ~ _

DEFINITION
2-(2,3-Dimethylanilino)benzoic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, microcrystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent) and in methylene chloride. It dissolves in dilute
solutions of alkali hydroxides.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison mefenamic acidCRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in ethanol (96 per cent) R, evaporate to
dryness and record new spectra usingthe residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in the mobile phaseand dilute to' 25.0 mL with
the mobile phase.
Reference solulion (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mLwith the mobilephase.
Reference solulion (b) Dissolve 50 mg of 2-<hlorobenzoic
acidR (impurity C) and 50 mg of benzoic acid R
(impurity D) in the mobile phase and dilute to 100 mL with
the mobile phase. Dilute I mL of the solution to 100 mL
with the mobile phase.

Reference solution (c) Dissolve 10.0 mg of mefenamic acid
impurily A CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase. Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (d) Dissolve 20.0 mg of benzoic acidR in
the mobile phase and dilute to 1000.0 mL with the mobile
phase. Dilute 1.0 mL of the solution to 100.0 mL with the
mobile phase.
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51773-92-1

andenantiomer • Hel

A. 2,3-dimethylaniline,

CX
co,H

,%1
CI

therefore not necessary to idemify these impurities for
demonstration of compliance; See also 5.10. Control of impuriues
in substances for pharmaceutical use) B, E.

CF,

B. 2-(2,3-dimethylanilino)-N-(2,3-dimethylphenyl)
benzarnide,

C. 2-chlorobenzoic acid,

D. benzoic acid,

E. 2,3-dimethyl-N-phenylaniline.

(ph. Bur. monograph 1241)

Mefloquine Hydrochloride

___________________ PhE"

Acdon and use
Antiprotozoal (malaria).

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: sphericaL o<tadecylsilyl silica gelfor

chromatography R (5 pm).

Mobile phase Mix 14 volumes of tetrahydrcfuran R,
40 volumes of a 5.75 gIL solution of ammonium dihydrogen
phosphat< R adjusted to pH 5.0 with dilut< ammonia R2, and
46 volumes of acetonitrile R.
Flow rat< 1.0 mUmin.

Detection Spectrophotometer at 254 run.
Injection I0 ~L.

Run time 4 times me retentiontime of mefenamicacid.
Idemlficadon of impuniies Use the chromatogram obtained
with reference solution (b) to identify the peaksdue (0

impurities C and D.
Relativeretention With reference to mefenamic acid
(retention time =about 8 min): impurity C = about 0.3;
impurity D = about 0.35; impurity A = about 0.5.

Systemsuitability:
- resolution: minimum 3.0 between the peaksdue to

impurities C and D in the chromatogram obtainedwith
reference solution (b);

- signal-to-noise ratio: minimum 10 for the principal peak in
the chromatogram obtainedwith reference solution (d).

Limits:
- correaion foaon: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C = 5.9j
impurity D = 4.0;

- impurities C, D: for each impurity, not more than the area
of the principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- impurity A: not more than the area of the corresponding
peakin the chromatogram obtainedwithreference
solution (c) (100 ppm);

- unspecified impurities: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more thantwice the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwithreference solution (a)
(0.05 per cent); disregard the peak due to impurity A.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve with the aid of ultrasound 0.200 g in 100 mL of
warm anhydrous ethanol R, previously neutralised to pheuol red
solution R. Add 0.1 mL of phenol redsolution R and titrate
with 0.1 M sodium hydroxide.

I mL of O. I M sodium hydroxide is equivalent to 24.13 mg of
ClSH,,N°2'

IMPURITIES
Specified impurities A, C, D.
Otherdetectable impuniies (the following substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They a", limired by the general acceptance
criterion for other/unspecified impurities and/or by 'he geru<ral
monograph Substances for pharmaceutical use (2034). I, is
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DEFINITION
(RS)- [2,8-Bis(trifluoromethyl)quinolin-4-yl] [(2SR)-piperidin­
2-yl]methanol hydrochloride.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightly yellow, crystalline powder.

Solubility
Very slightly soluble in water, freely soluble in methanol)
soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

mp
About 260 °C, with decomposition.

IDENTIFICATION
First identification: A, E.
Second identification: B, C, D, E.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison mefioquine hydrochloride CRS.
If the spectra obtained show differences) dissolve the
substance to be examinedand the reference substance
separately in methanol RJ evaporate to dryness and record
new spectra using the residues.
B. 'Thin-layer chromatography (2.2.27).

Test solution Dissolve 8 mg of the substance to he examined
in methanol R and dilute to 5 mLwith the same solvent.
Reference solution (a) Dissolve 8 mg of mefioquine
hydrochloride CRS in methanol R and dilute to 5 mL with the
same solvent.
Reference solution (b) Dilute 2.5 mL of the test solution to
100 mL with me/hanoi R.
Reference solution (c) To 1 mL of reference solution (b) add
I mL of a 0.016 gIL solution of quimiline su!fate R in
me/hanoi R.

Plate TLC silica gelFm plate R.
Pretreatment Develop the plate with a mixture of
20 volumes of melhanol Rand 80 volumes of melhy/ene
chloride R, and dry at 100-105 °C for 15 min before use.

Mobaephase anhydrous acetic acidR, me/hanoi R, methylene
chloride R (10:10:80 VlVfII).

Application 20~.

Develapment Over a path of 10 em.

Drying In a current of wann airfor 15 min.
Detection Examine in ultraviolet light at 254 om; lightly
spray with a mixture prepared immediately before use of
I volume of su/furic acidRand 40 volumes of iodopiatinate
reagent R; spray withstrong hydrogen peroxide solution R.
System suitability Reference solution (c):

- me chromatogram shows 2 clearly separated spots.
ResultJ The principal SpO[ in the chromatogram obtained
with the test solution is similar in position, colourand size to
me principal spot in the chromatogram obtained with
reference solution (a).

C. Mix about 10 mg with 45 mg of heauymagnesium oxide R
and ignite in a crucible until a practically white residue is
obtained. Allow to cool, then add 2 mL of waterR, 0.05 mL
of phenolphlha/ein solution Rl and about I mL of dilute
hydrochloric acidR to make the solution colourless. Filter.
To the filtrate add a freshly prepared mixture of 0.1 mL of

Mefioquine Hydrochloride 11-219

alizarin S solution Rand 0.1 mL of zirconylnitrate solution R.
Mix, allow to standfor 5 min and compare the colour of the
solution with a blank prepared in the same manner. The test
solution is yellow and the blankis red.

D. To about 20 mg add 0.2 mL of su!furic acid R. Blue
fluorescence appears in ultraviolet light at 365 run.
E. It gives reaction (b) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in melhanol R and dilute to 50.0 mL with the
same solvent.

Appearance of soludon
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY7 (2.2.2, Method1).

Optical rotation (2.2.7)
...,-0.2° to + 0.2°, determined on solutionS.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.10 g of the substance to be
examinedin the mobile phase and dilute to 25.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobile phase.

Reference solution (b) Dissolve 8 mg of mefloquine
hydrochloride CRS and 8 mg of quinidine sulfate R in the
mobile phase, then dilute to 50.0 mL withthe mobilephase.
Dilute 5.0 mL of this solution to 100.0 mL with the mobile
phase.

PreaJ/umn:
- size: 1= 0.025 m, 0 = 4 mm;
- stationary phase: end-capped octodecylsi!yl silica gelfor

chromawgraphy R (5 um).

Column:
- size:1= 0.25 m, 0 = 4 nun;
- stationary phase: end-capped octadecylsi/y/ silica gelfor

chromawgraphy R (5 pm).

Mobaephase Dissolve I g of tetraheptylammonium bromide R
in a mixture of 200 volumes of methanel R, 400 volwnes of a
1.5 gIL solution of sodium hydrogen sulfate R and 400 volumes
of acetonitrile R.
Flow rate 0.8 mUmin.
Detection Spectrophotometer at 280 nm.
Equilibration With the mobile phaseat a flow rateof
2 mUmin for about 30 min.
Injection 20 ~L.

Runtime 10 times the retention time of meftoquine.
Retention time Quinidine= about 2 min;
meftoquine = about 4 min; impurity B = about 15 min;
impurity A = about 36 min.

System suitabiliIJI Reference solution (b):
- resolution: minimum 8.5 between the peaks due to

quinidine and mefloquine.
Limits:
- jmpurity with a relative retention with reference to mefloquine

of about0.7: not more than twice the area of the principal
peakin the chromatogram obtained withreference
solution (a) (0.2 per cent);

- any otherimpurity: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.1 per cent);
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595-33-5384.5

CH,

Action and use
Progestogen.

Preparation
Megestrol Tablets

(ph. Eur. monograph 1593)

o

""E« _

DEFINITION
6-Methyl-3,20-dioxopregna-4,6-dien-17-yl acetate.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Practically insoluble in water) soluble in acetone, sparingly
soluble in ethanol (96 per cent).

mp
About 217 ·C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison megeJtrol {lmate CRS.

TESTS
Specific optical rotation (2.2.7)
+ 14.0 to + 17.0 (dried substance).

Dissolve 2.50 g in methylene chloride R and dilute to 25.0 mL
withthe samesolvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetic acidR) water R) auronim7t. Rl
(0.1:20:80 VIVIV).

TeJlsolution (a) Dissolve 0.100 g of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Test sohuion (b) Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solventmixture.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 10 mg of megeJtroI acetate for
system suitabiJily CRS (containing impurities A, D) G) H) I)J
and L) in 1.0 mL of the solvent mixture.
Reference solution (c) Dissolve 10 mg of megeJtrol acetate for
peak identification CRS (containing impurities B, C and E) in
1.0 mL of the solventmixture.

o

Megestrol Acetate

andenanllomer

andenantiomer

CF,

HN

CF,

CF,

- sumof impurities other than the impun'ty with a relative
retention with reference w meftoquine of about0.7: not more
than 5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limjr: 0.2 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.02 per cent).

Water (2.5.12)
Maximum 3.0 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, derermlned on 1.0 g.

ASSAY
Dissolve 0.350 g in 15 mL of anhydrous formic acid Rand
add 40 mL of acetic anhydride R. Titrate with 0.1 M perc.h/oric
acid, determining the end-point potentiometrically (2.2.20).

I mL of O. 1 M perchloric acid is equivalent to 41.48 mg
of C17H17CIF"N,O.

STORAGE
Protected from light.

IMPURITIES

A. [2,8-bis(trifluoromethyl)quinolin-4-yl](Pyridin-2-yl)
methanone,

B. (RSj-[2,8-bis(trifluoromethyl)quinolin-4-yl](Pyridin-2-yl)
methanol,

C. (RS}-[2,8-bis(trilluoromethyl)quinolin-4-yl] [(2RS)­
piperidin-2-yl] methanol.

___________________.Phfll
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CH,

o

A. 6~-methyl-3,20-dioxopregn-4-en-11-yl acetate
(medroxyprogesterone acetate),

CH,

--OyCH,

/" ,/" ./'--../ 0

o

~ impurityJ at 210 nm: not more than 3 times the area of
the principal peak in the chromatogram obtained with
reference solution (a) at 210 om (0.3 per cent);

- ;mpun"ty G: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impwities B, C, E, I, 1(, L: for each impurity, not more
than 1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 pee cent):

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- sum of impurities other thanJ: nor more than 10 times the
area of the principal peak in the chromatogram obtained
with reference solution (a) (1.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 pee cent, determined on 1.000 g by drying in
an oven at lOS °C.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution (b) and reference solution (d).

Calculate the percentage content of C 24H3204 taking into
account the assigned content of megestrol acetate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impun"ties A, B, C, D, E) G, H, J, J, K, L.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedeteaed by oneor other of the tests
in the monograph, They are limited by the general ae<eptanu
ctitenon for other/unspecijied impurities and/or by the general
m""ograph Substances for phanncueutical use (2034). It is
therefore not n«essary to identify these impurities for
demonstration of compliance. See also 5.10. C""troIof impurities
in substanus for phannaceutical use) F.

B. 6-methyl-11-hydroxypcegna-4,6-diene-3,20-dione
(megestrol),

Time MobUe phase A MobUe phase B
(min) (per cent VIP) (pet" cent V/J?
0- 16 70 30

16 - 42 70 ..... 30 30 ..... 70

42 - 49 30 70

Reference solution (d) Dissolve 50.0 mg of megestrol
acetate CRS in the solvent mixture and dilute to 50.0 mL
with the solvent mixture.

Reference so/mum (e) Dissolve the contents of a vial of
megestrol acetate for impurity K identification CRS in 1.0 mL of
the solvent mixture.

Column:
- size: 1= 0.15 TIl; <2') =4.6 mm;
- stationary phase: base-deactioaud eud-eapped octad«y/silyl

silica gelfor chromatography R (3 urn),
- temperature: 40°C.
Mobile phase:
- mobile phaseA: rerrahydrofuran R, acetonitrile Rl, waterR

(1.5:12.5:80 VIV/V);
- mobile phase B: waterR, tetrahydrofuran R, aceumitn"le Rl

(20:30:50 VIV/V);

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 245 DID and, for impurity J,
at 210 nm.

lnjeaion 20 ~ of test solution (a) and reference
solutions (a), (b), (c) and (e).

Idemijication of impuniies Use the chromatogram supplied
with megestrol acetate for-system suizabi/ily CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, D. G, H, I, J and 1.;
use the chromatogram supplied with megestrol acetaU for peak
idemification CRS and the chromatogram obtained with
reference solution (c) to identify the peaks due to
impurities B, C and E; use the chromatogram obtained with
reference solution (e) to identify the peak due to impurity K"
ReJauve retention With reference co megestrol acetate
(retention time =about 22 min): impurity B =about 0.75;
Impurity E =about 0.80; impuriey K =about 0.83;
impuriey C = about 0.9; impurity D= about 1.11;
impurity A =about 1.14; impurity I =about 1.2;
impurity G =about 1.3; impurity J =about 1.4;
impurity H =about 1.S; impurity L =about 1.9.

System suitability Reference solution (b):
- peak-tQ-VaOey ratio: minimum 5.0, where Hp =height

above the baseline of the peak due to impurity D and
HI) =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity A.

Limits:
- correction factors: for the calculation of content, multiply

me peak areas of the following impurities by the
corresponding correction factor: impurity A =0.2;
impurity D = 0.4; impurity E = 0.4; impurity r = 0.5;
impurity K =0.2; impurity L =0.6;

~ impun'ty A: not more than 5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

~ impwities D, H: for each impurity, not more than 3 times
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.3 per cent);
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o

H,C

o
CH,

o

CH,

o

CH,

o

_____________________ PIlEII

L. 2~-([17_(acetyloxy)_3,20-dioxopregn-4-en-~-yllmethyll-6­
methyl-3,20-dioxopregna-4,6-dien-17-yl acetate (megestrol
acetate dimer).

K. 3,20-dioxopregn-4-en-17-yl acetate,

o

J. 6_methyl_3,20_dioxopregn_S-en_17_yl acetate,

o
CH,

CH,

I. 2,6_dimethyl~3)20-dioxopregna:"1)4)6-trien-17-yl acetate,

CH,

CH,

CH,

o

o
H CH,

CH,

F. 6~methyl-3,20-dioxopregn-4-en-17-yl acetate,

E. 6-methyl-3,20-dioxopregna-l,4,6-trien-17-yl acetate,

O. 6_methylene-3,2o-dioxopregn-4-en-17-yl acetate
(6-methylene hydroxyprogesterone acetate),

c. 6,17a-dimethyi-3,17-dioxo-D-homoandrosta-4,6-dien­
17act.-yl acetate (D-homo megestrol acetate),

Meglumine
(Ph. Bur. munograph 2055)

Action and use
Organic baseused in the preparation of organic acids.

CH,

G. 2~,6_dimethyl_3,20_dioxopregna-4,6-dien-17-yl acetate,

o

195.2 6284-40-8

CH,

H. 2cx,6-dimethyl-3,20-dioxopregna-4,6-dien-17-yl acetate,

PIlEII _

0EFlNTI10N
I-Oeoxy-I-(methylamino)-o-glucitol.

Content
99.0 per cent to 101.0 per cent (dried substance).
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____________________ P/lE<6

Melatonin

2 mL of hydrochloric add R has been added. After 5 min, any
red colour In the test solution is not more intense than that
in the reference solution.

73-31-4232.3

~
~

I #
H3CO % 0

HN-f
CH3

Action and use
Treatment of sleep onset insomnia.

Preparation
Melatonin Capsules

IDENTIFICATION
The infrared absorption spearum, Appendix IT A) is concordant
with the reference spearum of melatonin (RS 455).

TESTS
Related substances
Carry out the method for liquidchromategraphy,
Appendix ill D, using the following solutions in a mixture of
20 volumes of aceumitrile and 80 volwnes of waler.
(1) Dissolve sufficient of the substance beingexamined to
produce a solution containing 0.05% wlv of Melatonin.
(2) 0.0005% wlv of melatonin BPCRS.

(3) Dilute a mixrure of 10 volumes of solution (2) and
1 volume of a 0.025% wlv solution of
5-mellwxytryplamine BPCRS to 100 volumes.

DEFINITION
Melawnin is N-acetyl-5-methoxytryptamine. It contains not
less than 98.0% and not more than 102.0% ofCl3HI~202'

calculated with reference to the anhydrous substance.

CHARACTERISTICS
A white to off-white crystalline powder. It melts at about
117'.

Slightlysoluble in water; soluble in acetone) ethyl acetate and
methanol.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

Sulfated ash (2.4.14)
Maximum OJ per cent, determined on 1.0 g.

Bacterial endotoxins (2.6.14)
Less than 1.5 illig, if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedurefor the removal of bacterial endotoxins.

ASSAY
Dissolve 0.180 g in 30 mL of walerR. Titrate with
0.05 M sulfuric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.05 M sulfu.u acid is equivalent to 19.52 mg
of C,H I,NO,.

CHARACTERS
Appearance
White or almostwhile, crystalline powder.

Solubility
Freelysoluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble inmethylenechloride.

mp
About 128 'C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison meglumine CRS.

TESTS
Solution S
Dissolve 20.0 g in distilled water R and dilute to 100.0 mL
with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and its absorbance (2.2.25) at
420 om is not greater than 0.03.

Dissolve me residue obtained in the test for loss on drying in
waterR and dilute to 10 mL with the same solvent.

Specific optical rotation (2.2.7)
-17.0 to -16.0 (dried substance).

Dilute 12.5 mL of solution S to 25.0 mL with waterR.

Reducing substances
Maximwn 0.2 per cent, expressed as glucose.
Dilute 1.25 mL of solution S to 2.5 mL with walerR, add
2 mL of cupn'-tartarK solution R and heat on a water-hath for
10 min. Cool under running waterfor 1 min, then sonicate
for 20 s. Immediately filter through a membrane filter
25 rom in diameter (nominal pore size 0.5 pm). Rinse with
10 mL of water R. Prepare a standard in the same manner
using 2.5 mL of a solution obtained by dissolving 20 mg of
glucose R in walerR and diluting to 100 mL with the sarne
solvent. Anyprecipitate on the membrane filter obtainedwith
the test solution is not more intensely coloured than the
precipitate obtained with the standard.

Chlorides (2.4.4)
Maximum 100 ppm.

To 2.5 mL of solution S add 12.5 mL of waterR.

Sulfates (2.4.13)
Maximum 150 ppm.

To 5 mL of solution S add 10 mL of dis,i11ed waterR.

Aluminium
Maximum 5 ppm.

Inductively coupledplasma-atomic emissionspectrometry
(ICP-AES) (2.2.57).

Test solution Dissolve 5.00 g in 30 mL of waterR, add
10.0 mL offead-jrn hydrochloric acidRand dilute to 50.0 mL
with water R.
Reference sduuons Prepare the reference solutions using
aluminium standard solutian (10 ppm AQ R, diluted as
necessary with waterR.
Wavelength 396.153 om.

Iron
Maximum 10 ppm.

To 10 mL of solution S add about 0.8 mL of hydrochloric
acidRand 0.05 mL of bromine water R. Allow to stand for
5 min, evaporate theexcess of bromine in a current of air
and add 3 mL of potassium thiocyanatiJ solution R. Prepare a
reference solution at the same time and in the same manner
using 10 mL of iron standard solutian (2 ppm Fe) R, to which

www.webofpharma.com



11-224 Meldonium Dihydrate 2022

A. 2-(5-methoXY-1 H-indol-3-yl)ethanarnine
(5-methoxytryptamine).

86426-17-7182.2C.,H,,N,O,,2H,O
I"E" ~ _

DEFINITION
3-(2,2,2-Trimethylhydrazin-2-ium-I-yl)propanoate dihydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACfERS
Appearance
Whiteor almost white crystals or crystalline powder,
deliquescent.

Solubility
Verysolublein water, freely soluble In methanol, practically
insoluble in acetone.

H3C CH3

·o,c~WkCH,

(Ph. Bur. monograph 2624)

(e) Use a detection wavelength of 225 nm.
(f) Inject 5 ~ of each solution.

MOBILE PHASE

20 volumes of aceronitrile and 80 volumes of a 0.245% wlv
solution of poteusium dihydrogen OI1hophOJphale, the pH of
which has been adjusted to 3.0 with 20% vlv onhophosphonc
acid.
When the chromatograms arerecorded under the prescribed
conditions, the retention timeof melatonin is about
2.3 minutes.

DETERM1NATION OF CONTENT

Calculate the content of CI3Hl~202 in the substance being
examined using the declared content of C13H16N202 in
melarenin BPCRS.

STORAGE
Melatonin should be protected from light.

IMPURITIES
The impurities limited by the requirements of this
monograph include:

H

~
I J

H,CO "'-

NH2

Meldonium Dihydrate

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison meldonium dihydrale CRS.

TESTS
Solution S
Dissolve 10.0 g in 50 mL of distilled wa/er R.

Time MobilephaseA Mobile phase 8 Comment

(Mlnules) (%vtv) (%v/v)

0·20 90-+70 1€H30 lineargra<flent

20-36 70-.30 3<1-->'0 lineargradlenl

36-41 3<1-->90 70-+10 re-equilibfation

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (5 em x 4.6 mm) packed
with O<ladecylsilyl silica gel for chromarcgraphy (1.8 urn)
(Zorbax Eclipse Plus is suitable).

(b) Use gradient elution and the mobile phase described
below.

(c) Use a flow rate of 1.5 mL per minute.

(d) Use a column temperature of 25'.

(e) Use a detection wavelength of 225 tun.

(f) Inject 10 ~L of each solution.

MOBILE PHASE

Mobilephase A 0.245% wlv of potassium dihydrogen
OI1hophOJphale, adjusted to pH 3.0 with 20% vlv
ortlwphosphori< acid.
Mobile phase B acetonitrile.

When the chromatograms are recorded under the prescribed
conditions the retention time of melatonin is about
7.3 minutes and the retention of 5-methoxtryptamine relative
to that of melatonin is about 0.3.

UMITS

In the chromatogram obtained with solution (I):

the area of anypeak due to 5-methoxytryptamine is not
greater than0.2 times the area of the peak due to
5-methoxytryptamine in the chromatogram obtained with
solution (3) (0.1%);

the area of any othersecondary peak is not greater than
0.1 times the area of the principal peakin thechromatogram
obtained with solution (2) (0.1%);

the sum of total impurities is not morethan.1.0%.
Disregard anypeakwith an area less than 0.5 times the area
of the peak due to melatonin in the chromatogram obtained
with solution (3) (0.05%).

Water
Not more than 0.3%, Appendix IX. C. Use 1 g.

Sulfated ash
.Nor. more than 0.1%,Appendix IX. A. Use 1 g.

ASSAY
Carry out the method for liquidchromawgrophy,
Appendix ill D, using the foUowing solutions in the mobile
phase.
(I) Dissolve 0.1 g of the substance being examinedin
100 mL and dilute I volume of the resulting solution to
20 volumes.

(2) 0.005% wlv of melatonin BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (5 em x 4.6 mm) packed
with octadecylsilyl Sl7ica gelfor chromarcgraphy (1.8 um)
(Zorbax Eclipse Plus is suitable).

(b) Use isocratic elutionand the mobilephase described
below.
(c) Use a flow rate of 1.5 mL per minute.

(d) Use a column temperature of 25'.
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Flew rate 0.2 mUmin.
Detection:
- triple-quadrupole mass spectrometer; the following

settings havebeen found to be suitable and are givenas
examples; if the detector has different settingparameters,
adjust the detectorsettings so as to complywith the
system suitability criteria:
- ionisation: ESI-positive;
- detection:
- multiple reaction monitoring (MRM.) mode;
- scanning mode: 50 - 300 m1z;
- ion source temperature: 110"C;
- desohxuion temperature: 220°Cj
- cone voltage: 15 Vj
- capillary voltage (Vcap): 3 kV;
- CID gas: argon;
- GID gaspressure: 2.7 x 10-3 mbar.

- MRM mode parameters:

Appearance of solution
Solution S is not more opalescent than reference
suspension I (2.2.1) and not more intensely coloured than
reference solution B. (2.2.2, MethodII).

Related substances
Liquid chromatography (2.2.29) coupled with mass
spectrometry (2.2.43).

Test solution Dissolve 10.0 mg of the substance to be
examined in mobilephase A and dilute to 10.0 mL with
mobile phase A.

Reference solution (a) Dissolve 10.0 mg of meldonium
impurity A GRS, 10.0 mg of meldonium impurity B GRS,
10.0 mg of me/donium impurityG GRS, 10.0 mg of meJdonium
impurity D GRS, 10.0 mg of meidonium impurity E GRS and
10.0 mg of me/donium impurityF GRS in mobile phase A and
dilute '0 100.0 mL with mobile phase A.
Reference solmion (0) Dilute 1.5 mL of reference solution (a)
to 100.0 mL with mobile phase A.
Reference solution (c) Dilute 1.0 mL of the test solution '0
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution [0 10.0 mL with mobilephaseA.
Column:
- size: 1= 0.15 m, 0 = 3.0 mrn;
- slationary phase: end-capped OCladecylsiJyl silica gelfor

chromaI<Jgraphy R (3.5 urn),

Mobile phase:
- mobile phaseA: 0.1 per cent VIV solution of

heplafluorobutyTi< acid R in water for chromatography R;
- mob,le phase B: 0.1 per cent VIV solution of

heplafluorobutyTi< acid R in methanol R;

Time
(min)

0-7

7·12

12·18

Mobile phase A
(per cent VIJ')

90 -> 65

65 -+ 40

40 --t 25

MOOUe phlUlc B
(per cent V/J?

to -+ 35

35 -> 60

60 -0 75

Substance MRM. channels Collision energy (eV)
for the interval

0-25 m1n

Meldonium 147.00 -> 59.00 18.0

Impurity A 59.97 -> 44.98 18.0

Impurity B 74.99 ---> 59.04 15.0

Impurity F 115.19 ---> 71.92 19.0

Impurity C 161.19 --t 59.00 23.0

Impuriry D 175.19 ---> 58.07 23.0

Impurity E 189.26 ---> 58.ot 22.0

Injection 20 J.lL of the test solution and reference
solutions (b) and (c).

Relative retention With reference to meldonium (retention
rlme e about 9 min): impurity F;;;: about0.7j
impurity B ;;;: about 0.8j impurity A;;;: about 0.9;
impurity C =about 1.5; impurity D =about 1.8;
impurity E =about 2.0.

System suitalnlity Reference solution (b):
- signal-to-noise ratio: impurity A ;;;: minimum 10j

impurity B ;;;: minimum 50j impurity C ;;;: minimum200j
impurity D =minimum 1000;
impurity E ;;;: minimum 1000j impurity F;;;: minimum 50j

- repeatability: maximum relative standard deviation of
10 per cent after 6 injections.

Calculation of percentage contents:
- for impurities A, B, C, D. E and F (MRM mode), use

the concentration of the corresponding impurity in
reference solution (b)j

- for impurities other than A, B, C, D. E and F (complete
spectrum mode), use the concentration of meldonium
dihydrate in reference solution (c).

Limits:
- impun·ties A, B, C~ D J E, F: for each impurity, maximum

0.15 per cent;
- unspedfied impurities: for each impurity, maximwn

0.10 per cent,
- total: maximwn 0.3 per cent;
- neporting threshold: 0.05 per cent.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 30 mL with distilled waterR.

Sulfates (2.4.13)
Maximum 100 ppm.

Dilute 10 mL of solution S [0 20 mL with distilled water R.

Water (2.5.12)
19.7 per cent to 21.0 percent, determined on 0.120 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, derennined 00 1.0 g.

ASSAY
Dissolve 0.100 gin 40 mL ofglacial acetic acidR. Titrate
with 0.1 M perchlnric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 14.62 Dig of
C.,H14N202.

STORAGE
In an airtight container.

IMPURITIES
Specified impun"ties AJ BJ CJ D, E~ F.
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Tim. Mobile phase A Mobile phalle B
(mln) (per cent VIl? (per ceol JIM
0-2 60 40
2 - 10 60 ..... 30 40 ..... 70
10 - 15 '0 70

Solublllty
Practically insoluble in water, soluble in dimethylformamide,
very slightly soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison meloxicam CRS.

H the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in acetone R, evaporate to drynessand
record Dewspectra usingthe residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve40 mg of the substance to be
examined in a mixtwe of 5 mL of me/hanoi Rand 0.3 mL of
1 M sodium hydroxide and dilute to 20.0 mL with methanol R.
Reference soimUm (a) Dilute 2.0 mL of the test solution to
100.0 mL with methanol R. Dilute 5.0 mL of t1tis solution to
100.0 mL with methanol R.
Reference solulion (b) Dissolve 2 mg of the substance to be
examined, 2 mg of meloxi<am impnri!y A CRS, 2 mg of
meloxicam impuri!y B CRS, 2 mg of meloxicam
impurity C CRS and 2 mg of meloxieam impnn'!y D CRS in a
mixture of 5 mL of methanol Rand 0.3 mL of I M sodium
hydroxide and dilute to 25 mL with methanol R. If complete
dissolution cannot be achieved, filter the solution through a
membrane filter (nominal poresize 0.45 pm) before
injection.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-<:apped ocuuk<y/si/yl sl1ira gelfor

chromatography R (5 1ll11);
- temperature: 45 "C.

Mobl1e phase:
- mobile phase A: 1 gIL solution ofpotassium dihydrogen

phosphate R adjusted to pH 6.0 with 1 M sodium
hydroxide;

- mobile phase B: me/hanoi R;

(Ph. EUT. monograph 2373)

D. 2-(3-ethoxy-3-oxopropyl)-I,1, f-trimethylhydrazin-f-ium,

E. I, I , l-trimethyl-z-[3-( I-methylethoxy)-3-oxopropylj
hydrazin-l-ium,

_________~ POE"
F. I, l-dimethyl-4,5-<1ihydrO:1H-pyrazol-I-ium-3-0Iate.

B. 1,1,l-trimethylhydrazin-I-ium,

A. N ,N-dimethylmethanaminium,

C. 2-(3-methoxy-3-oxopropyl)-I, I, I-trimethylhydrazin-I-ium,

Meloxicam

351.4 7/125-38-7

Action and use
Cycle-oxygenase inhibitor, analgesic; anti-inflammatory,

Preparations
Meloxicam Injection
Meloxicam Oral Suspension
Meloxicam Tablets

POE" _

DEFINITION
4-Hydroxy-2-methyl-N-(5-methylthiazol-2-yl)-2H-I,2­
benzothiazine-3-carboxamide l,l-d.ioxide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Pale yellow powder.

Flowrate 1.0 mlJmin.

Detection Spectrophotometer at 260 om and 350 om.

IrU«tion 10 f1L.
Relative retention ,'Wic:h reference to meloxicam (retention
time = about 7 min): impurity B = about 0.5;
impurity A = about 1.4; impurity C = about 1.7;
impurity D =about 1.9.

System mitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

meloxicam and impurity A at 350 I1D1j minimum 3.0
between the peaks due to impurity Band meloxicam at
260 om.

Linn',,:
- coreaion factor: for the calculation of content, multiply the

peak area of impuriry A by 2.0;
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148-82-3305.2

(Ph. Eur. monograph 1698)

CI

~
CI~Nl('! H...NH,

~C02H

___________________ Pl>EIr

F. isopropyI4-hydroxy-2-methyl-2H-I,2-benzothiazine-3­
carboxylate l,l-dioxide.

E. methyl 4-hydroxy-2-methyl-2H-I,2-benzothiazine-3­
carboxylate l,l-dioxide,

o 0
\\ ~

NS'7"C~

~OyCH3

OH 0 CH3

o 0..
NS,~ .... CH3

~OCH,

OH 0

C. N-[(2Z)-3,5-dimethylthiazol-2(3H)-ylidene)-4-hydroxy-2­
methyl-2H-l,2-benzothiazine-3-carboxamide l,l-dioxide,

Melphalan

Pl>EIr _

Action and use
Cytotoxic alkylating agent.

Preparations
Melphalan Tablets

Melphalan for Injection

D. N-[(2Z)-3-ethyl-5-methylthiazol-2(3H)-ylidene)-4­
hydroxy-2-methyl-2H-I,2-benzothiazine-3-carboxamide
1,I-dioxide,

DEFINITION
4-[Bis(2-chIoroethyi)amino)-L-phenylalanine.

Content
94.0 per cent to 102.0 per cent (anhydrous and
diethylamine-free substance),

- impuniyA at 350 nm: not more than the area of me
principal peak in the chromatogram obtained with
reference solution (a) at 350 om (0.1 per cent);

- impun"cy B at 260 I'm: not more man the area of the
principal peak in the chromatogram obtained with
reference solution (a) at 350 om (0.1 per cent);

- ;mpun"ues CJ D at 350.nm: for each impurity, not more
than0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a) at
350 nm (0.05 per cent);

- unspecified impurities: for each impurity, at the wavelength
givingthe higher valuefor the impurity, not more than
the area of the principal peak in the chromatogram
obtainedwith reference solution (a) at the same
wavelength (0.10 per cent);

- total: not more than 0.3 per cent,
- disregard limit: 0.3 times the area of the principal peak in

the chromatogram obtained with reference solution (a) at
me same wavelength (0.03 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 4 h.

Sulfated ash (2.4.1 "J
Maximum O. I percent, determined on 1.0 g.

ASSAY
In order to avoid overheating drm"ng the titration, mix thoroughly
throughout and swp the titration immediauly aftertheend-point
has been reached.
Dissolve 0.250 g in a mixture of 5 mL of anhydrous formic
acid R and 50 mL of anhydrous aceti<: acidR. Titrate with
0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).
1 mL of 0.1 M perchloric acid is equivalent to 35.14 mg
of CI4H13N304S2'

STORAGE
Protected from light.

IMPURITIES
Spedfied impun·u.s A, B, C, D.

Otherdetectable impuriu.s (the following mbstances rwuld, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimited try the general acceptance
cruetion for other/unspecified impuriu.sand/or try thegeneral
monograph Substances for phanmueuticaluse (2034). It is
therefore not necessary to identify these impuniks for
demonstration of romp/iana. See auo 5.10. Control of impuriu.s
in substanas for phannaceutical use) E, F.

A. ethyl 4-hydroxy-2-methyl-2H-I,2-benzothiazine-3­
carboxylate Ll-dlcxide,

B. 5-methylthiazol-2-amine,
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Flow rale 1.5 mUmin.

Detection Spectrophotometer at 260 run.
Infection 20 J.1L of test solution (a) and reference
solutions (c), (d) and (e).

Identification of impuruies Use the chromatogram supplied
with melphalan for sysrem suitability CRS and the
chromatogram obtainedwith reference solution (e) to identify
the peaksdue to impuritiesB, D, G, H, I and J.
Relative retention With reference to melphalan (retention
time ::::; about 10 min): impurity B ::::; about0.3;
impurity D ::::; about 0.6; impurity I ::::; about 0.8;
impurity J ::::; about 1.04; impurity G ::::; about 1.4;
impurity H = about I. 5.

System suiwbility Reference solution (e):
- peak-to-valky ratio: minimum 2.5, where Hp ::::; height

above the baselineof the peakdue to impurity Jand
H fJ ::::; height above the baseline of the lowestpoint of the
curve separating thispeak from the peakdue to
melphalan.

Limits:
- impun·t:y D: not more than 6 times the area of the

principal peakin the chromatogram obtainedwith
reference solution (d) (3.0 per cent);

- impun·cy G: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (d) (1.0 per cent);

- impun'ties J, H: for each impurity, not more than the area
of the principal peak in the chromatogram obtained with
reference solution (d) (0.5 per cent);

- i'mpun"ty B: not more than3 times the area of the
principal peakin the chromatogram obtained with
reference solution (c) (0.3 per cent),

- impunty I: not more than twice the area of the principal
peakin the chromatogram obtainedwithreference
solution (c) (0.2 per cent);

- unspecified impun·tie.s: for each impurity, not more than the
areaof the principal peak in the chromatogram obtained
with reference solution (c) (0.10 per cent);

- total: not more than 11 times the area of theprincipal
peakin the chromatogram obtained with reference
solution (d) (5.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent).

Impurity K (diethylamine)
Gas chromatography (2.2.28).

Testsolution Dissolve 0.125 g of substance to be examined
in 0.15 mL of hydrochlori< acidR and dilute to 5.0 mL with
dimethyl sulfoxide R.

R<jeren", solution Dilute 1 mL of methanol Rand 0.125 g of
diethylamine RI (impurity K) to 10.0 mL with dimethyl
sulfoxide R. Dilute 1.0 mL of the solution to 100.0 mL with
dimethyl sulfoxide R.

Column:
- material: glass;
- size: I::::; 1.6 m, 0::::; 4 nun;
- stationary phase: styrene-djvinylbenzene copdymer R coated

with potassium carbonate (149-177 urn).
Comer gas nitrogen for chromatography R.

11-228 Melphalan

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Practically insoluble in water, slightly soluble in methanol.
It dissolves in dilute mineral acids.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. re/erena spearum of melphalan.

TESTS
Appearance of solution.
If intendedfor use in the manufacture of parenteral
preparations, the solution is clear(2.2.1) and colourless
(2.2.2, Method If).
Dissolve 0.25 g in dllule hydrochlo'ic acid R and dilute to
25 mL with the same acid.

Specific optical rotation (2.2.7)
-36.0 to -30.0 (anhydrous and diethylamine-free substance).

Dissolve 0.175 g at 45 ·C for 10 min in methanol Rand
dilute to 25.0 mLwith me same solvent.

Related substances
Liquid chromatography (2.2.29). Usefrnhly prtparu/ solu'io",
and protect from light.
Testsolution (a) Dissolve 50.0 mg of the substance to be
examined in methanol Rl and dilute to 50.0 mL with the
same solvent.
Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methanol RI,
Reference solution (a) Dissolve 50.0 mg of melphalan
hydrochloride CRS in methanol RI and dilute to 50.0 mL with
the same solvent. Dilute 1.0 mL of the solution to 10.0 mL
with methanol R I.
Reference solution (b) Dilute 10.0 mL of test solution (a) to
100.0 mL with methanol RI.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 100.0 mL with methanol RI.
Referen'" solution (d) Dilute 5.0 mL of reference
solution (b) to 100.0 mL with methanol RI.
Reference solution (e) In order to prepare impurity I in situ,
dissolve 5 mg of melphalan for sysrem suitability CRS
(containing impurities B, D, G, Hand D in methanol Rl,
dilute to 5.0 mLwith the same solventand heat at 60°C for
15 min.
Column:
- size: 1= 0.15 rn, '" = 4.6 mm;
- stationary phase: base-deac.fiared end-eapped octadecylstlyl

silica gelfor chromatography R (5 pm),

Mobile phase:
- mobik phaseA: mixture of 5 volumes of a"'wnitrile for

chromatography R and 95 volumes of warer R containing
0.01 per cent VIV of uiethylamine R, 0.05 per cent mlm of
ammonium aatate R and 0.05 per cent VIV of glacial acetic
add R;

- mobile phaseB: mixture of 40 volumes of warer R
containing 0.01 per cent VIV of tn·elhylamine R,
0.05 per cent mlm of ammonium acetate Rand
0.05 per cent VIV of glacial acetic acidR, and 60 volumes
of acetonitrile for chromatography R;

Tim,
(min)

0-20

20 - 25

Mobile phase A
(per cent VA?

100 -> 0

o

2022

MobIle phase B
(per cent VII')

0->100

100
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Flow rate 42.5mUmin.

Temperature:
- column: 170 "C;
- injection port: 190°C;
- detector. 250 "C.

Deteaion Flameionisation.
Inje<tion I IlL.

Elution order Methanol, impurity K.
System suitability Reference solution:
- resolution: minimum 2.0 between me peaks due to

methanol and impurity K.
Umir.
- impun"ty K: not morethan the area of the corresponding

peak in the chromatogram obtained with the reference
solution (0.5 per cent).

Water (2.5.12)
Maximum 5.0 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
[njeaion Test solution (b) and reference solution (a).
Calculate the percentage contentofCJ:JHlSChN202 taking
into account the assigned content of melphalan
hydrochloride CRS and a conversion factor of 0.8933.

STORAGE
In an airtight container..protected from light.

IMPURITIES
Sptcified impurities B, D) G, H, I, J) K
Other detectable impurities (thefollowing subsranas would, if
present at a sufficient level, bedetected Qy oneor other of the tests
in the monograph. They arelimited Qy thegeneral acceptance
criterion for other/unspecified impurities and/or Qy thegeneral
monograph Suhsranas for phannauuticaluse (2034). It is
therefore notnecessary to identify these impuniies for
demonstration of compliance. Seealso 5.10. Control of impurities
insubstances forphannaceutical use) A, CJ E) F.

A. 4-[bis(2-hydroxyethyl)amino]-L-phenylalanine,

0]
~N'('i H_/H,

~Co,H

B. 4-morpholin-4-yl-L-phenylalanine,

C.4-[(2-chloroethyl)aminO]-L-phenylalanine,

Melphalan 11-229

D.4-[(2-chloroethyl)(2-hydroxyethyl)amino]-L-phenylalanine,

E. 4-[(2-chloroethyl)(2-ethoxyethyl)amino]-L-phenylalanine,

F. 4-[bis(2-chloroethyl)amino]-3-chloro-L-phenylalanine
(3-chloromelphalan),

G.4-[[2-[[4-[bis(2-chloroethyl)amino]-L-phenylalanyl]oxy]
ethyl](2-chloroethyl)amino]-L-phenyJalanine (melphalan
dimer),

H. methyl 4-[bis(2-chIoroethyl)amino]-L-phenylalaninate,

I. 4-[(2-<:h1oroethyl)(2-methoxyethyl)amino]-L­
phenylalanine,
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K. N-ethylethanamine (diethylamine).

liMITS

Any spot corresponding to 2-methyl-I,4-naphthaquinone
(menadione) in the chromatogram obtained with solution (I)
is Dotmore intense thanthe spot in the chromatogram
obtained with solution (3) and any other secondary 'PO' is not
more intense than the spot in the chromatogram obtained
with solution (2).

Water
19.0 to 21.5% w/w, Appendix IX A. Use 0.25 g.

ASSAY
Dissolve 0.1 g in 25 rnL of water, add 25 rnL of glacial acetic
acid and 25 rnL of 3Mhydrochloric add and titrate with
0.02M cerium(IV) sulfate VS using platinum and calomel
electrodes and determining the end point potentiometrically.
Each rnL of 0.02M cerium(IV) sulfate VS is equivalent to
4.221 mg ofC IIHsN ...O,P2•

sodium salts and reaction B characteristic of phosphates,
Appendix VI.

TESTS
Inorganic phosphate
Dissolve 25 mg in 10 rnL of water, add 4 rnL of 1Msu{jUn,
acid, 1 rnL of a 10% wlv solution of ammonium molybdate
and 2 mL of methylaminophenyl-sulfite reagent and allow to
stand for 15 minutes. The absorbance of the solution at
730 nm, Appendix IT B, is not more than the absorbance of a
solution prepared in the same manner but using 10 mLof a
0.0025% wlv solution ofpotassium dihydrogen tnthophosphare
in place of the solution of the substance beingexamined
(0.7%).

Total phosphate
Dissolve 85 mg in 50 rnL of glacial acetic acid, add 5 rnL of
mercury(Ii) acetate solution and carry out Method I for non­
aqueous tliratitm, Appendix vm A, detennining the end point
potentiometrically. Not less than7.7 mL andnot mare than
8.3 rnL of O.IMperchloric acid VS is required.

Related substances
Carry out the method for thin-layer chromatography,
Appendix ill A, in subdued light using the following
solutions in methanol (50%).
(I) 4.0% wlv of the substance being examined.

(2) 0.020% w/v of the substance being examined.

(3) 0.0080% wlv of 2-methy/-l,4-naphtha-quinane.

CHROMATOGRAPlUC CONDITIONS

(a) Use as the coating S17ica gel GF"..
(b) Use the mobile phase as described below.

(c) Apply 5 ~L of each solution.

(d) Develop the plate to 15 em.
(e) Afterremoval of the plate, dryin air,examine under
ultraviolet ligh, (254 nm).

MOBILE PHASB

1.5 volumes of diethylamine, 5 volumesof butan-l-d,
50 volumes of propan-l-01 and 50 volumes of a 2% wlv
solution of ammonium chloride.

6700-42-1530.2

NaO ONa

"O-p=O

~Mevy
O-p=O

1\
NaO ONa

Action and use
Vitamin K analogue.

Preparation
Menadiol Phosphate Tablets

Menadiol Sodium Phosphate

____________________ PII,<I

DEFINITION
Menadiol Sodium Phosphate is tetrasodium
2-methylnaphthalene-I,4-diy1 di(orthophosphate)
hexahydrate. It contains not less than98.0% and not more
than 100.5% of CllH8N~08P2' calculated with reference to
the anhydrous substance.

CHARACTERISTICS
A white to pink, crystalline powder; hygroscopic.
Very soluble in wow, practically insoluble in ethanol (96%).

IDENTIFICATION
A. The infrared absorption spearum, Appendix II A, is
concordant with the reference spectrum of menadiol sodium
phosphate (RS 213).
B. To 10 rnL of a 2% wlv solution add 10 mL of 1Msulfuric
acid, 10 rnL ofO.IM cerium(lV) sulfate and I rnL of hydrogen
peroxide solution (20 voQ and extract with two 10 rnL
quantities of chloroform. Evaporate the combined chloroform
extracts to dryness on a water bathand dry the residue at 40°
at a pressure not exceeding0.7 kPa. The infrared absorption
spectrum of the residue, Appendix II A, is concordant with
the reference SJmtTUm of menadione.
C. Dissolve 40 mg in 2 rnL of water, heat gently with 2 mL
of su/.ftnU aciduntil white fumes are evolved, add nitric acid
dropwise until digestion is complete and cool. Add 2 mL of
water, heat untilwhite fumes are evolved again, cool, add a
further 10 mL of water and neutralise to litmus paper with
5M ammonia. The solution yields reaction A characteristic of

J. 4-[[2-(2-chloroethoxy)ethyl](2-chloroethyl)amino]-L­
phenylalanine,
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Menadione
(Ph. Eur. monograph 0507)

o
~CH,

0yY
o

172.2

Action and use
Vitamin K analogue.

58-27-5

ASSAY
Dissolve 0.150 g in 15 mL ofglacial acetic acid R in a flask
with a stopper lined with a valve. Add 15 mL of dilute
hydrochlori< acid R and I g of zinc powder R. Close the flask.
Allow the mixture to stand for60 min, protected from light,
with occasional shaking. Filter the solution overa cotton
wad, wash with three quantities, eachof 10ml., of carbon
dioxide-free waterR. Add 0.1 mL ofterrainRand intmediately
titrate the combined filtrate and washings with 0.1 M
ammonium and cerium nitrate.

1 mL of 0.1 M ammonium andcerium nitrate is equivalent to
8.61 mg of C II H.02.

STORAGE
Storeprotected from light.

PIIE<I _

DEFINITION
Menadione contains not less than 98.5 per cent and not
more than the equivalent of 101.0 percent of
z-merhylnaphthalene-Ivt-dlone, calculated with reference to
the driedsubstance.

CHARACTERS
A pale-yellow, crystalline powder, practically insoluble in
water, freely soluble in toluene) sparingly soluble in alcohol
and in methanol. It is unstable in light.

IDENTIFICATION
Firs. identification: A, B.
Second identification: A, C, D.
A. Melting point (2.2.14): 105°C to 108 °C.

R Examine by infrared 'absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
menadione CRS.
C. Dissolve about I mg in 5 mL of alcohol R, add 2 mL of
ammonia R and 0.2 mL of ethyl cyanoacetate R. An intense
bluish-violet colour develops. Add 2 mL of hydrochloric
add R. The colourdisappears.
D. Dissolve about to mg in I mL of alcohol R, add I mL of
hydrochlori< acid R and heat in a water-bath. A red colour
develops.

TESTS
Related substances
Carry out the test protected from bright light Examine by thin­
layer chromatography (2.2.27), using silica gel GFm R as the
coating substance.
Test sdution Dissolve 0.2 g of the substance to be examined
in autoneR and dilute to 10 mL with the samesolvent.
Reference solu.ion Dilute 0.5 mL of the test solution to
100 mL with acetone R.
Apply separately to the plate 5 ~ of each solution. Develop
overa path of 15 em usinga mixture of 1 volume of
nitromethane R, 2 volumes of acetone R, 5 volumes of ethylene
chloride Rand 90 volumes of eye/ohexane R. Dry the plate in a
current of hot alt. Repeat the development and drying a
further two times. Examine in ultraviolet light at 254 om.
Any spot in the chromatogram obtained with the test
solution, apart from the principal spot, is not moreintense
than the spot in the chromatogram obtained with the
reference solution (0.5 per cent).
Loss on drying (2.2.32)
Maximum 0.5 per cent, detenmined on 1.000 g by drying in
vacuo for 4 h.

Sulfated ash (2.4. 1if)
Not more than 0.1 per cent, determined on 1.0 g.

_ PIIE<I

Menotrophin
9002-68-0

Action and use
Gonadotrophin; treatment of infertility.
Preparation
Menotrophin Injection

DEFINITION
Menotrophin is a drypreparation containing glycoprotein
gonadotrophins possessing follicle-stimulating and luteinising
activities. The follicle-stimulrating activity is of pituitary
origin. The hneinising activity is predominantly of pituitary
origin, but may alsocontain lutelnlslng activity of placental
origin. Menotrophin is obtained from the urine of post­
menopausal women but, where necessary, chorionic
gonadotrophin obtained from the urine of pregnant women
maybe added to achieve the ratio stated below.
Potency
It contains not less than40 ill of follicle-stimulating
hormone activity per mg. The ratio of ill of luteinising
hormone (l.H) activity to ill of follicle-stimulating hormone
(FSH) activity is approximately 1. For each component the
estimated potencyis not less than80% and not more than
125% of the stated potency.

PRODUCTION
Menotrophin is prepared by suitable collection and extraction
procedures followed by purification steps. The method of
preparation includes steps that havebeen shownto remove
and/or inactivate extraneous agents) including viral agents as
determined by a suitable risk-based approach. In addition,
the process is designed to minimise microbial contamination.

CHARACTERISTICS
An almost while or slightly yellow powder.

Soluble in water.

IDENTIFICATION
Causes enlargement of the ovaries of immature female rats
and increases the weight of the seminal vesicles and prostate
gland of immature malerats whenadministered as directed
in the Assay.
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TESTS
Bacterial endotoxins
Carry out the rest for bacterial endotoxins, Appendix XIV C.
The endotoxin limit is not more than 0.78 ill per ill of
follicle stimulating hormone,

Water
Not more than 5.0% wlw, Appendix IX C, Method m.
Use 4 mg.

ASSAY
Carry out the biological assay of menouophin described below.
The fiducial limits of error are not less than64% andDot

more than 156% of the stated potency.

STORAGE
Menorropbln should be kept in an airtight, tamper-evident
container and protected from light.

LABELLING
The label Slates (I) the number of IU (Units} of follicle­
stimulating hormoneactivity and thenumberof IU (Units)
of luteinising hormoneactivity in the container; (2) the
number ofIU (Units) of follicle-stimulating hormone activity
permg and the nwnber of ill (Units) of luteinising hormone
activity per mg; (3) where applicable, the number of IU
(Units) of chorionic gonadotrophin activity per mg; (4) the
date after which the material is not intended to be used; (5)
the conditionsunder which it should be stored; (6) where
applicable, mat it is sterile.
Menotrophin intended for use in 1m manufacture of a parenteral
dosage form withouta further appropriate stelilisation pro«dure
complies with thefollowing additional requirement.

Steiillty
Complies with the test f01 sterility, Appendix XVI A.

BIOLOGICAL ASSAY OF MEN'OTROPHIN

The potency of menotrophin with respect to its follicle­
stimulating hormone activity is estimated by comparing its
effect in enlarging the ovaries of immature female rats with
that of the Standard Preparation of human urinary FSH and
humanurinary LH underthe conditions of a suitable method
of assay. The potencyof menotrophin with respect to its
luteinising hormone activity is estimated by comparing its
effect in increasing the weight of the seminal vesicles or the
prostate gland of immature male rats withthat of the
Standard Preparation of human urinary FSH and human
urinary l.H underthe conditions of a suitable methodof
assay.

Standard Preparation
The Standard Preparation is the International Standard
preparation of human urinary follicle-stimulating hormone
and luteinising hormone, consisting of a freeze-dried extract
of urine frompost-menopausal women together with lactose,
or anomersuitable preparation thepotencyof which has
been determined in relation to the International Standard.

SUGGESTED METHOD

Follicle-stimulating hormone activity
Select female rats of the same strain, 19 to 28 days old and
differing in age by not more than 3 days, and having weights
such that the difference between the heaviest rat andthe
lightest rat is not more than 109. Assign the ratsat random
to six equal groups of at least five animals. If sets of six liner
mates are available) allotone litter mate from each set to
each group and mark according to litter.
Choose threedoses of the Standard Preparation and three
doses of the preparation being examined such that the
smallestdose produces a positive response in some of the rats

2022

and the largest dose does not producea maximwnresponse
in all of the rats. Use doses in geometric progression. As an
initial approximation, totaldoses of 1.5,3.0 and 6.0 ill may
be tried although the dose will depend on me sensitivity of
the animals used, which may vary widely.
Dissolve separately the totalquantities of the preparation
being examined, and of the Standard Preparation,
corresponding to the dailydoses to be used in sufficient
alhumin-Phosphate blf!fer pH 7.2 containing not less than
70 IU of chorionic gonadotrophin per mL so that the daily dose
is about 0.2 mL. Add a suitable antimicrobial preservative
such as 0.4% wlv of phenolor 0.002% wlv of thiomersal. Store
the solutions at a temperature of 2° to 80

. Inject
subcutaneously into each rat the dailydose allocated to its
group. Repeat the procedure after 24 and 48 hours. About
24 hours after the last injection, kill the ratsand remove the
ovaries. Remove anyextraneous fluid and tissue and
inunediately weighthe ovaries fromeach animal. Record the
combined weight of both ovaries from each rat. Calculate the
result of the assay by standard statistical methodsusing the
weightof the ovaries as the response. (A suitable correction
of the organ weightwith reference to the weight of the
animal from whichit was taken may be applied; an analysis
of covariance may be used).

Luteinising hormone activity
Select male ratsof the same strain, approximately 19 to
28 days old and differing in age by not more than 3 days,
and having weights such that the difference betweenthe
heaviest rat and the lightest rat is not more than 10 g. Assign
the rats at random to six equal groups of at least five
animals. If sets of six litter mates are available, allotone liner
mate fromeach set to each group and mark according to
litter.
Choose three doses of the Standard Preparation andthree
doses of the preparation being examinedsuch that the
smallest dose is sufficient to producea positive response in
some of the rats and the largest dose does not produce a
maximum response in all of the rats. Use doses in geometric
progression. As an initial approximation, totaldoses of 7, 14
and 28 IU may be tried although the dose will depend on the
sensitivity of the animals used, which mayvary widely.
Dissolveseparately the totalquantities of the preparation
being examined, and of the Standard Preparation,
corresponding to the dailydoses to be used in sufficient
alhumin-phosphate blf!fer pH 7.2 so that the daily dose is about
0.2 mL. Add a suitable antimicrobial preservative such as
0.4% wlv of phenol or 0.002% wlv of thiomersal. Store the
solutions at a temperamre of 20 to 80

• Inject subcutaneously
into each rat the dailydose allocated to its groupon
4 consecutive days at the same time each day. On the fifth
day, about 24 hours after the last injection, kill the rats and
remove the seminal vesicles or the prostate gland. Remove
anyextraneous fluid and tissue andweigh immediately the
seminal vesicles or the prostate gland. Calculate the result of
the assay by standard statistical methods, using the weight of
the vesicles or theprostate gland as the response. (A suitable
correction of the organ weight with reference to the weightof
the animal fromwhich it was takenmay be applied;
an analysis of covariance may be used.)
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PhE<r _

DEFINITION
(2RS)-N-(2,6-Dimethylphenyl)-I-methylpiperidine-2­
carboxamide hydrochloride.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solubility
Freely soluble in water and in ethanol (96 per cent), very
slightly soluble in methylene chloride.

mp
About 260 "C, with decomposition.
It shows polymorphism·(5.9).

IDENTIFICATION
First identification: A, C.

Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mepivocame hydro<:hloride CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
dry in an oven at 80 "C for 45 min. Record new spectra
using the residues.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in ethanol (96 per cent) R and dilute to 5 mL with
the same solvent,
Reference solution (a) Dissolve 20 mg of mepiuacoine
hydrochloride CRS in ethanol (96 per cent) R and dilute to
5 mL with the same solvent.
Reference solution (b) Dissolve 20 mg of mepioacaine
hydrochloride CRS and 20 mg of lidocaine hydro<:hloride CRS in
ethanol (96 per cent) R and dilute to 5 mL with the same
solvent.
Plate TLC silica gelFZ54 plateR.
Mobile phase concentrated ammonia R, methanol R,
1,I-dimerhylethyl methylether R (1:5: 100 VIV/V).

Application I0 ~L.

Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
System suitaln11'ty Reference solution (b):

- the chromatogram shows 2 clearly separated principal
spots.

Mepivacaine Hydrochloride

~~~ andanan'om", • HCI

U 0 tH,
CH,

Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.500 g in carbon dioxide-free waterR and dilute to
30.0 mL with the same solvent.

Appearance of solution
Solution S is clear(2.2.1) and not more intensely coloured
than reference solution B, (2.2.2, Method11).

pH (2.2.3)
4.0 to 5.0.

Dilute 2 mL of solution S to 5 mL with carbon dioxide-free
waterR.

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in the mobilephase and dilute to 10.0 mL with
the mobile phase.
Reference solution (a) Dissolve 20.0 mg of the substance to
be examinedand 30.0 mg of mepiuacaine impurity B CRS in
the mobile phase and dilute to 100.0 mL with the mobile
phase. Dilute 1.0 mL of the solution to 100.0 mL with the
mobile phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Column:
- size: /:;;;; 0.125 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped ocuzt1e<;ylsilyl

silica gelfor chromasography R (5 urn).

lWobt1e phase Mix 35 volumes of atetonitn1e RJ and
65 volumes of a 2.25 gIL solution of phosphoric acidR,
previously adjusted to pH 7.6 with strong sodium hydroxitk
solution R.
Flow rate I mUmin.

Detection Spectrophotometer at 220 om.

Injection 20 ~L.

Run lime 3 times the retention time of mepivacaine.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurity B.

Relativeretention With reference to mepivacaine (retention
time = about 7 min): impurity B = about 0.5.

SystemsuiUlbiJity Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity Band mepivacaine.
Limits:
- unspeafied impurities: for each impurity, not more thanthe

area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtainedwith reference solution (b)
(0.5 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtainedwithreference solution (b)
(0.05 per cent).

**** ** ** ****

1722-62-9282.8

(Ph. Eur. monograph 1242)

Action and use
Local anaesthetic.

ClsH23CINzO
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Impurity A
Head-space gas chromatography (2.2.28).

Test solution Introduce 60.0 mg of the substance to be
examined into a 20 mL vial. Add 2.0 mL of a 103.0 gIL
solution of hydrochloric <Kid Rand 1.0 mL of a 126.0 gIL
solution of sodium hydroxide R, and close the vial
immediately.
Reference solution Dissolve 6.0 mg of bupwcuaine
impurity F CRS (impurity A) in a 103.0 gIL solution of
hydrochloric <Kid R and dilute to 100.0 mL with the same acid
solution. Dilute 1.0 mL of this solution to 100.0 mLwith a
103.0 gIL solution of hydrochloric acidR. Introduce 2.0 mL of
this solution into a 20 mL vial, add 1.0 mL of a 126.0 gIL
solution of sodium hydroxide R, and close the vial
immediately.
Column:
- material: fused silica;
- size: I;;;; 30 m, 0 = 0.53 mm;
- stationary phase: cyanopropy/(3)pheny/(3)methyl(94)

poIysiloxane R (film thickness 3 um),

Carrier gas helium for chromaUigraphy R.
Flow rate 4.0 mUmin.

Split ratio 1:1.

SUltic head-space conditions that may be used:
- equilibration temperature: 90 DC;
- equilibration time: 25 min;
- pressunsation time: 2 min.
Temperature:

Column

Injection pert

Detector

Time­
(min)

0-10

10 - 15

Temperatul'e
("C)

130 --J 230

230

22'

2'0

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of the tests

in the monograph. Theyare limited by the general aaeptame
criterion for otherlumpecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary ttl identify these impurities for
demonstration of compliance. Seealso 5.10. Conrrol of impurities
in substances for pharmaceutical use) B, C, D, E.

A" 2,6-dimethylaniline,

er
CH

' ~ H",(1
, '('~./ andenantlomer

o
CH,

B. (2R5)-N-(2,6-dimethylphenyl)piperidine-2-carboxantide,

C. N-(2,6-dimethylphenyl)pyridine-2-carboxamide,

CH, yQH H,
)yN ~ ~ and enaoHomer

U 0 CH3
CH,

D. (2R5)-N-(2,6-dimethylphenyl)-I-methyl-I,2,5,6­
tetrahydropyridine-2-carboxantide,

___________________ PhE"

Meptazinol Hydrochloride

59263-76-2

Me,

Uqoo
OH

269.8

E. (2R5)-N-(4-chloro-2,6-dimethylphenyl)-I­
methylpiperidine-z-carboxamide,

Action and use
Opioid receptorpartial agonist; analgesic.

Preparations
~lep~nolInjection

Meptazinol Tablets

Detection flame ionisation.

Retention time Impurity A = about 6 min.
System suitability Reference solution:
- repeauzbility: maximum relative standard deviation of

15.0 per cent determined on 6 injections.
Calculation of centent:
- for impurity AJ use the concentration of impurity A in the

reference solution.
Limit:
- impurity A: maximum 20 ppm.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C"

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 5.0 mL of 0.01 M
hydrochWric <Kid and 50 mL of ethanol (96 percenu R. Carry
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 28.28 mg
of C15H23CIN,O.

LW'URITIES
Specified impurities A.

www.webofpharma.com
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DEFINITION
Meptazinol Hydrochloride is 3-(3-ethyJ-J­
methylperhydroazepin-3-yl)phenol hydrochloride. It contains
not less than 99.0% and not more than 101.0% of
C15H2~O,HCl, calculated with reference to the dried
substance.

CHARACTERISTICS
A white or almostwhitepowder.
Very soluble in waterand in methanol; freely soluble in ethanol
(96%);very slightly soluble in acetone. It dissolves indilute
solutions of alkali hydroxides.

IDENTIFICATION
A. The lightabsotptien, Appendix II B, in the range 230 to
350 run of a 0.01 % wlv solution in ethanol (96%) exhibits a
maximum only at 275 om. The absorbance at 275 om is
about 0.80.

B. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of meptazinol
hydrochloride (RS 215).

TESTS
Acidity or alkalinity
To 10 mL of a 2% w/v solution in carbon dioxide-free water
add 0.2 mL of O.OIM sodium hydroxide VS and 0.1 mL of
methylred soluu"onj the solution is yellow. Add 0.4 mL of
O.OIM hydrochl"';'; acid VS; the solution is red.

Colour of soludon
A 10.0% wlv solution is not more intensely coloured than
reference soluticn Y6} Appendix IV B}Method II.

Related substances .
Carry out the method for thin-layer chromatography,
Appendix: ill A}using the following solutions in methanol.

(I) 1.0% wlv of the substance beingexamined.
(2) 0.01% wlv of the substance being examined.

(3) 0.005% wlv of the substance being examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coatingsilica gel (Mercksilicagel 60 F254

plates are suitable).

(h) Use the mobile phase as described below.

(c) Apply 10 ~L of each solution.

(d) Develop the plate to 15 em.

(e) Afterremoval of the plate} dryin air, examineunder
ultraviolet light (254 nm)} expose to iodine vapour for 2 hours
and examine again.

MOBILE PHASE

1 volume of IBM ammonia} 30 volumesof chloroform and
70 volumes of ethylacetate.

LIMITS

By each method of visualisation, any secondary spot in the
chromatogram obtained with solution (1) is not more intense
than the spot in the chromatogram obtained with solution (2)
(1%) and not more thanone such spot is more intense than
the spot in the chromatogram obtained withsolution (3)
(0.5%).

Loss on drying
When dried at 1050 for 3 hours} loses not more than 0.5% of
its weight. Use I g.

Sulfated ash
Not more than 0.1%} Appendix IX A.

Meptazinol Hydrochloride 11-235

ASSAY
Dissolve 0.15 gin 50 mL of anhydrous acetic add and add
5 mL of mercury(lI) acetate solution. Carry out Method I for
non-aquoous titration} Appendix VITI A} determining the end
point potentiometrically. Each mL of O.IM perchlotic acid VS
is equivalent to 26.98 mg of C15H23NO}HCI.

IMPURITIES

Me

GQ
N 0

Et
,p

"",I
OH

A. 3-ethyJ-3-(3-hydroxyphenyl)-I-methylperhydroazepin-2­
one

Me,

(NkE~
'---/{J

B. 3-ethyl-l-methyl-3-phenylperhydroazepine

C. 4-(3-ethyl-l-methylperhydroazepin-3-yl)-2-[3-(3-ethyl-l­
methylperhydroazepin3-yl)phenyl]phenol

D. 3,3'-oxybis(3-ethyl-I-methylperhydroazepin-3-ylhenzene)

Me,

O<Q
N EI

,pI

"'"
OBun

E. 3-ethyl-3-(3-butoxyphenyl)-I-methylperhydroazepine
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PhE" _

Heat on a water-bath for 15 min;no colour develops. To the
rest of the aqueous layer add 1 mL of bromine waterR. Heat
on a water-bath for 15 min and thenheat to boiling and
cool. To 0.2 mL of thissolutionadd a solution of 10 mg of
resorcinol R in 3 mL of sulfun·c acidR. Heat on a water-bath
for 15 min; a violet-pink. colourdevelops.

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free water R and dilute to
25 mL with the same solvent.
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, iHethod II).
Dilute 5 mL of solution S to 25 mL with carbon dioxide-free
water R.
pH (2.2.3)
4.9 to 5.2.
Dilute 1.0 mL of solutionS to 10 mL with carbon dioxide-free
water R.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance [Q be
examined in the mobilephaseand dilute to 50.0 rnLwith
the mobile phase.
Reference solution (a) Dissolve 5 mg of anisaldehyde R
(impurity B), 5.0 mg of mepyramine impuri'yA CRS and
5.0 mg of mepyramine impurity C CRS in the mobile phase
and dilute to 100.0 mL with the mobilephase. Dilute
2.0 mL of the solution to 100.0 mL with the mobile phase.

Reference 'olu'ion (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to J0.0 mL with the mobile phase.

Column:
- size: I ::::;; 0.25 m, 0 ::::;; 4.6 mm;
- stationary phase: base-deactivated end-eapped phenylsJyI silica

gelfor chromatography R (5 urn).

Mobae phase Mix 0.1 volumes of triethylamine R,
40 volumes of a 0.771 gIL solutionof ammonium autate R
and 60 volumes of meehanol RI.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 230 om.
Injection 20 IlL.
Run time 3 times the retention time of mepyramine.
Relative retention With reference to mepyramine (retention
time ::::;; about 13 min): maleic acid e about 0.2;
impurity C ::::;; about 0.3; impurity B ::::;; about 0.4;
impurity A =ahout 0.5.

Systemsuitability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurities C and B.
Limits:
- impuriries A, C: for each impurity, not more than the area

of the corresponding peak in the chromatogram obtained
with reference solution (a) (0.2 per cent);

- impurity B: not morethan twice the area of the principal
peak in the chromatogram obtained with. reference
solution (b) (0.2 pet cent);

- unspecified impuruies: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.5 per cent);

59-33-6401.5

Acdon and use
Anti-emetic.

(ph. Bur. monograph 0278)

Mepyramine Maleate

DEFINITION
N-(4-Methoxybenzyl)-N',N'-dimethyl-N-(pyridin-2-yl)
erhane-Lz-diamine (2Z)-but-2-enedioate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellowish, crystalline powder.

Solubility
Verysoluble in water, freely soluble in ethanol (96 percent).

IDENTIFICATION
First identification: B.

Second idendfication: A, G, D, E.

A. Melting point (2.2.14): 99"C to 103 "C.

. B. Infrared absorption spectrophotometry (2.2.24).

Preparation 50 gIL solutions in methylene chloride R usinga
0.1 mm cell.

Comparison mepyramine maleate CRS.
C. Dissolve 0.100 g in 0.01 M bydrochlotic add and dilute to
100.0 mL with the same acid. Dilute 1.0 mL of this solution
to 100.0 mL with 0.01 M hydrochkJric acid. Examined
between 220 om and 350 nm (2.2.25), the solution shows
2 absorption maxima, at 239 run and 316 run. The specific
absorbances at the absorption maxima are 431 to 477 and
196 to 220, respectively.
D. TItin-Iayer chromatography (2.2.27).

Testsolution Dissolve 40 mg of the substance to he
examined in methy/em chloride R and dilute to 10 mL with
the same solvent.
Reference solution Dissolve 40 mg of mepyramine
maleate CRS in methykne chloride R and dilute to 10 mL with
the same solvent.
Plate TLC silica gel GF25 4 plate R.
Mobae'phase diethylamine R, ethyl a«tate R (2:100 VIV).

Applica,kln 5 IlL.
Development Over 213 of the plate.

Drying In air.
Detection Examine in ultraviolet lightat 254 nm.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.
E. Triturate 0.1 g with 3 mL of water R and I mL of,trong
sodium hydroxide solution R. Shake with 3 quantities, each of
5 mL, of etherR. To 0.1 mL of the aqueous layer add a
solution of 10 mg of resorcinol R in 3 mL of sulfuric acid R.
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- disregard limit: 0.5 times the areaof the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent); disregard the peakdue to maleic acid.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 2.5 mL of solution S to 15 mL with waterR.

Loss on drying (2.2.32)
Maximum 0.25 per cent, determined on 1.000 g by drying in
an oven at 80 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on the residueobtained
in the test for loss on drying.

ASSAY
Dissolve 0.150 g in 40 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric add, determiningthe end-point
potentiometrically (2.2.20).
I mL of 0.1 M perchloric acid is equivalent to 20.07 mg
of C21H21NJOj.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

~NH

H3CO~ 6
A. N-(4-methoxybenzyl)pyridin-2-amine,

I""yCHO
H3CO~

B. 4-methoxybenzaldehyde (anisaldehyde),

N!:u
C. pyridin-2-amine.
____________________ PIIEur

Mercaptopurine Monohydrate
Mercaptopurine
(ph. Eur. monograph 0096)

SH

NA..-
1

~, • ",0

l.,Jl /f
N N

PIIEur _

DEFINITION
7H-Purine-6-thiol monohydrate.

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
PracticaUy insoluble in water, slightly soluble in ethanol
(96 per cent), practically insolublein heptane. It dissolves in
solutions of alkali hydroxides.

IDENTIFICATION
A. Dissolve 20 mg in 5 mL of dimelhylsulfoxide R and dilute
to 100 mL with a 10.3 giL solution of hydrochloric acidR.
Dilute 5 mL of this solution to 200 mL with a 10.3 g/L
solution of hydrochfork acid R. Examined between 230 nm
and 350 run (2.2.25») the solution shows only I absorption
maximum, at 325 run.
B. Dissolve about 20 mg in 20 mL of ethanol (96 percenf} R
heated to 60°C and add I mL of a saturated solution of
mercutic acetate R in ethanol (96 percent} R. A white
precipitate is fanned.
C. Dissolve about 20 mg in 20 mL of ethanol (96 percent) R
healed to 60 "C and add I mL of a 10 giL solution of lead
acetate R in ethanol (96 per cem) R. A yellow precipitate is
formed,

TESTS
Related substances
liquid chromatography (2.2.29). Prepare the solutUms
immediately before use.
Test solution Dissolve 12.0 mg of the substance to be
examined in 2.5 mL of methanol R and dilute to 100.0 mL
with a 0.1 per cent VIV solution of anhydrous formic acid R.

Reference solution (a) Dissolve 3.0 mg of mercaptopurine
impurity B CRS and 4.5 mg of mercaptopurine impun'ty A CRS
in mobile phase A and dilute to 250.0 mL with mobile
phase A. Dilute 1.0 mL of the solution to 100.0 mL with
mobile phase A.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with a 0.1 per cent VIV solution of anhj'(/rous
fonnie acidR.
Reference solution (a) Dissolve 3 mg of mercaptopurine
impurity D CRS in 10 mL of dimethyl sulfoxide R and dilute to
250 mL with mobile phase A. Dilute 1 mL of the solution to
100 mL with mobile phase A.

Column:
- size: 1=0.10 m, 0 =4.6 mm;
- stationary phase: end-eapped octade<ylsilyl silica gelfor

chromatography R (3 ~m);

- temperature: 30 "C.

Mobile phase:
- mobile phase A: methanol R, 0.1 per cent VIV solution of

anhydrous fonnic acidR (2:98 VIJI);
- mobile phase B: methanol RJ 0.1 per cent VIVsolution of

anhydrous formic acidR (50:50 VIJI);
6112-76-1

Time Mobile phase A MobIle phase B
(min) (per cent VIP) (per cent V/JI)

O-S 100 0

8 - 20 100 --> 0 0-->100

20 - 25 0 100

170.2

Action and use
TItiopurine cytotoxic.

Preparations
Mercaptopurine Oral Suspension
Mercaptopurine Tablets
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_____________________ "'E<I

7487-94-7

(Ph. Bur. monograph 0120)

HgCI, 271.5

Mercuric Chloride

"'E<I ~ _

DEFINITION
Content
99.5 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor colourless or
white or almostwhite crystals or heavy crystalline masses.

SolubUlty
Soluble in water and inglycerol, freely soluble in ethanol
(96 per cent).

IDENTIFICATION
A. It gives reaction (a) of chlorides (2.3.1).

B. SolutionS (see Tests) gives the reactions of mercury
(2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Appearance of solution
SolutionS is not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2, MethodII).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of methylredsolution R.
The solution is red. Add 0.5 g of sodium chloride R.
The solution becomesyellow. Not more than 0.5 mL of
0.01 M hydrodiloric add is required to change the colour to
red.

~
NH' H

N '" N

Il '" )
N N

C. 6,6'-sulfanediyldi-7H-purineJ

D. 6,6/-disulfanediyldi-7H-purine.

B. 7H-purin-6-amine (adenine),

Flow rate 1.0 mUmin.
Deration Spectrophotometer at 260 run.

Injection 50 ilL.
Amosampler Set at 4°C.

Identification of impurities Use the chromatogram obtained
withreference solution (a) to identify the peaks due to
impurities A and B; use the chromatogram obtained with
reference solution (c) to identify the peakdue to impurity D.
Relative retention With reference to mercaptopurine
(retention time = about 6 min): impurity B = about O.3j
impurity A = about 0.5; impurity D = about 3.5.
Systemsuitability Reference solution (a):
- resolution: minimum5.0 between me peaks due to

impurities Band A.

CakulatUm of percentage contents:
- CQ17Ul;on faaor: multiply the peakarea of impurity D by

0.25;
- for impurities A and B, use the concentration of the

corresponding impurity in reference solution (a);
- for impurities other thanA and B) use the concentration

of mercaptopurine monohydrate in reference solution (b).

Limits:
- impun"cy A: maximum 0.15 per cent;
- impurities B..D: for each impurity, maximum

0.10 per cent;
- unspecified impun"ties: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
.10.0 per cent to 12"0 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0"1 per cent, determined on J.O g.

ASSAY
Dissolve 0.100 g in 50 mL of dimerhylformamide R. Titrate
with 0.1 M tetrabutylammonium hydroxide..determining the
end-point potentiometrically (2.2.20).
1 mL of 0.1 M tetrabu':Ylammonium hydroxide is equivalent to
15.22 mg of C,H,N,S.

STORAGE
Protected from light.

IMPURITIES
Specified impumies A, B, D.

Otherdetectable impurities (thefolkJwing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph" Theya~ limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). 1, is
therefore not necessary to identify these impun"ties for
demonstration of romp/lame. See also 5.10. Control of impurities
in substances for phannaceutical use) G.

A. 1,7-dihydro-6H-purin-6-one (hypoxanthine),

www.webofpharma.com
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PhE" _

pH (2.2.3)
4.0 to 6.0.

Dissolve0.20 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Specific optical rotation (2.2.7)
-21 to -17 (anhydrous substance).

Dissolve 0.125 g in waterR anddilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare test solutums (a) aud
(b) aud reference solution (c) immediarely before use. Prepare and
store reference solution (a) at 4 DC and use Wlihin 6 h.
Solve", mixture To 1.0 mL of trielhylaminc R add 900 mL
of waterfur chromatography R. Adjust to pH 5.0 with dilute
phosphoric acidR and dilute to 1000.0 mL with walerfur
chromarography R.

Test solution (a) Dissolve 0.100 g of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.
Testsolution (b) Dissolve 50.0 mg of me substance to be
examined in the mobilephase and dilute to 100.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solutionto 10.0 mL with the solvent mixture.
Reference sdution (b) In order to prepare impurities A and B
in-situ, heat 10 mL of test solution (a) to 60°C for about
20 min or, alternatively, allow 10 mL of test solution (a) to
stand at room temperature for about 8 h.
Reference solution (c) Dissolve 50.0 mg of meropenem
,rihydrate GRS in the mobile phase and dilute to 100.0 mL
with the mobile phase.

Golumn:
- size: / = 0.25 m, 12) =4.6 rom;
- stationary phase: bose-deactivated cud-capped oaadecylsilyl

,uicagelfur chromatography R (5 urn);
- temperature: 40 DC.

Mobue phase automirileRt, solvent mixture (7:100 VW).
Flow rate 1.6 rnUmin.

Detection Spectrophotometer at 220 not.

Injection 10 IJ.L of test solution (a) andreference
solutions (a) and (b).

Run time 4 times the retention time of meropenem.
Relative retention With reference to meropenem (retention
time =about 7 min): impurity A = about0.5;
impurity B = about 2.2.

System suitabilt"cy Reference solution (b):
- resolution: minimum 5.0 between thepeaks due to

impurity A and meropenem.
Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 1.6;
- impun·ty A: not more than5 timesthe area of the

principal peakin the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impun·ty B: not more than 3 times the area of the
principal peakin the chromatogram obtained with
reference solution (a) (0.3 per cent);

- unspecified impurities: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.10 percent);

11947&-56-7437.5

(Ph. Eur. monograph 2234)

Action and use
Carbapenem antibacterial.

DEFINITION
(4R.5S,6S)-3-[[(3S,5S)-5-[(Dimethylamino)
carbonyl]pyrrolidin-3-yl]sulfanyl]-6-((I R)-I-hydroxyethyl] -4­
methyl-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid
trihydrate.
Semi-synthetic product derived from a fermentation product,
or synthetic product.

Content
97.5 percent (0102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor lightyellow, crystalline powder.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison meropenem trihydrate GRS.

TESTS
Appearance of solution
The solutionis clear (2.2.1) andnot more intensely coloured
than reference solution Y, (2.2.2, Method /1).

Dissolve 1.0 g in 20 mL of a 50 gILsolution of sodium
hydrogen carbonate R.

Meropenem Trihydrate

___________________ PhE"

ASSAY
Dissolve 0.500 g in 100 mL of waterR. Add 20.0 mL of
0.1 M sodium edetate and 5 mL of buffer solution pH 10.9 R.
Allow to stand for 15 min. Add 0.1 g of mordant black 11
triturate R and titrate with 0.11\-1 zinc sulfate until the colour
changesto purple. Add 3 g of potassium iodide R, allow to
stand for 2 min, add a further 0.1 g of mordant bkuk 11
triturate R and titrate with 0.1 M zinc sulfate.
1 mL of 0.1 lH zinc sulfate used in the second titration is
equivalent to 27.15 mg of HgCI,.

STORAGE
Protecred from light.

Mercurous chloride
Dissolve 1.0 g in 30 mL of ether R. The solution shows no
opalescence.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 2.00 g by drying in
vacuo for 24 h.
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B. (4R,5S,6S)-3-[[(3S,5S)-1-[(2S,3R)- 2-[(2S,3R)-5-carboxy­
4-[[(3S,5S)-5- [(dimethylamino)carbonyl] pyrrolidin- 3-yl]
sulfany1)-3-methyl-2,3-dibydro-1H-pyrrol-2-yl)-3­
hydroxybutanoyl]-5-[(dimethylamino)carbonyl]pyrrolidin­
3-yl]sulfanyl]-6-[(I R)-I-hydroxyethyl)-4-methyl-7-oxo-t­
azabicyclo[3.2.0Ihept-2-ene-2-carhoxylic acid.

89-57-6

'"* •• ** •'.*

153.1

H,NYyco,H
~OH

G,H,N03

Mesalazine
(Ph. Eur. monograph 1699)

Action and use
Aminosalicylate; treatment of ulcerative colitis.

Preparations
Mesalazine Enema
Mesalazine Foam Enema
Mesalazine Prolonged-release Granules
Mesalaaine Suppositories
Mesalazine Gastro-resistant Tablets
Mesalazine Prolonged-release Tablets

- sum of impurities other thanA and B: not more than
3 times the area of me principal peak in the
chromatogram obtained with reference solution (a)
(0.3 per cent),

- disregard limit. 0.5 times the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Por meropenem ,rihydrate produced by a fully synthetic process:
- unspecified impuruies: for each impurity, not more than

0.5 times the areaof the principal peak in the
chromatogram obtainedwith reference solution (3)
(0.05 per cent);

- disregard limit: 0.3 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.03 per cent).

Water (2.5.12)
11.4 per cent to 13.4 per cent, determined on 0.100 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Bacterial endotoxins (2.6.14)
Less than 0.125 IU/mg, if intended for use in the
manufacture of parenteral preparations without a further
appropriate procedure for the removal of bacterial
endotoxins.

ASSAY
Liquid chromatography (1.2.29) as described in the test for
related substances with the following modification.
Injectimr Test solution (b) and reference solution (c).
Calculate the percentage content of C17H25N30jS taking
into account the assigned content of meropenem
trihydrate CRS.

STORAGE
If the substance is sterile) store in a sterile) airtight) tamper­
evidentcontainer.

LABELLING
The label states, where applicable) that the substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES
SjJe<ified impuri,ies A, B.

A. (4R,5S)-5-[(lS,2R)-1-carboxy-2-hydroxypropyl)-3-
[[(3S,5S)-5-[(dimethyl amino)carbonyl]pyrrolidin-3-yl)
sulfanyl)-4-methyl-4,5-dihydro-IH-pyrrole-2-carboxylic
acid)

DEFINITION
5-Amino-2-hydroxybenzoic acid.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Almost white or light greyor lightpink powderor crystals.

Solubility
Veryslightly soluble in water) practically insoluble in ethanol
(96 per cent). It dissolves in dilute solutions of alkali
hydroxides and in dilute hydrochloric acid.

IDENTIFICATION
Firstidentification: B.

Second idendfication: A, C.

A. Ultraviolet and visible absorption spectrophotometry .
(2.2.25).

Test sdution Dissolve 50.0 mg in 10 mL of a 10.3 gIL
solution of hydrrx:hloric acid R and dilute to 100.0 mL with
the same acid. Dilute 5.0 mL of this solution to 200.0 mL
with a 10.3 gIL solution of hydrochloric acidR.
Spe<tra/ range 210-250 run.
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Absorption maximum At about 230 nm.

Specific absorbance at the absorption maximum 430 to 450.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison mesalaeine CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 mg of the substance to be
examined in 5 mL of a mixtureof equal volwnes of glacial
acetic add R and water R and dilute to 10.0 mL with
methanol R.
Reference solution Dissolve 25 mg of me.salazine CRS in
5 mL of a mixture of equalvolumes of glacial acetic add R
and water Rand dilute to 10.0 mL with methanol R.
Plate A suitable silica gel as the coating substance.
MoMe phase glacial ace,", acidR, methanol R, methyl isobutyl
keumeR (10:40:50 VIVIJ1.

Application 5 ~L.

Development Over 213 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 365 run.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colourand size to
the principal spot in the chromatogram obtained with the
referencesolution.

TESTS
Appearance of solution
iWaimain the solutions at 40°C dwing preparation and
measurements Dissolve 0.5 g in a 103.0 gIL solution of
hydrochlotic acidR and dilute to 20 mL with the same
solution. The solution is clear (2.2.1). Inunediately measure
the absorbance (2.2.25) of the solution at 440 run and
650 nm. The absorbance is not greater than 0.15 at 440 nm
and 0.10 at 650 nm.

Reducing substances
Dissolve 0.10 g in dilutehydrochlon"c acid R and dilute to
25 mL with the same solvent. Add 0.2 mL of starch
solution Rand 0.25 mL of 0.01 M iodine. Allow to stand for
2 min. The solution is blue or violet-brown.
Impurities A and C
Liquid chromatography (2.2.29). Prepare the solutions and
mobile phases immediately before use.
Testsolution Dissolve 50.0 mg of the substance to be
examined in mobilephaseA and dilute to 50.0 mL with
mobile phase A.

Reference solution (aJ Dissolve 5.0 mg of mesalasine
impurity C CRS in mobile phase A and dilute to 100.0 mL
with mobile phase A. Dilute 1.0 mL of the solution to
10.0 mL with mobile pbase A.
Reference solution (b) Dilute 1.0 mL of refecence solution (a)
to 25.0 mL with mobile phase A.

Reference solution (c) Dissolve 5.0 mg of mesa/azine
impurity A CRS in mobile phase A and dilute to 250.0 mL
with mobile phase A. Dilute 1.0 mL of the solution to
100.0 mL with mobile phase A.

Reference solution (d) Dilute I mL of the test solution to
200 mL with mobile phase A. To 5 mL of this solution add
5 mL of reference solution (a).
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
~ stationary phase: end-capped octade<:y/si/yl silica gelfor

chromatography R (3 um),

Mesalazine II-241

Mobile phase:
- mobile phaseA: dissolve 1.0 g of phosphoric acidR and

2.2 g of perchloric acidR in water for chromatography Rand
dilute to 1000 mL with the samesolvent;

- mobile phaseB: dissolve 1.0 g of phosphoric acidRand
1.7 g of perchloric acid R in acetonitrile R1 and dilute to
1000 mL with the samesolvent;

Time MobUe phase A MobUephll..'le B
(min) (per cent VIJI) (per cent VIJI)

0-8 'OIl 0

8·25 100 ..... 40 o~ 60

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 nm.
Injection 20 J1L of the test solution and reference
solutions (b). (c) and (d).

Idenufiauio» of impun'ties Use the chromatogram obtained
with reference solution (c) to identify thepeakdue to
impurity A; use the chromatogram obtained withreference
solution (b) to identify the peak due to impurity C.
Relative retention With reference to mesalazine (retention
time =about 9 min): impurity A =about O.5j
impurity C =about 0.9.
SystemsuiUlbilily Reference solution (d):
- resolution: minimwn 3.0 between the peaks due to

impurity C and mesalazine.
Limits:
- impurity A: not more than the area of the corresponding

peak jn the chromatogram obtained withreference
solution (c) (200 ppm);

- impun'cy C: not more than the area of the corresponding
peakin the chromatogram obtained with reference
solution (b) (200 ppm).

Impurity K
Liquid chromatography (2.2.29).

Testsolution Dissolve40.0 mg of the substance to be
examined in the mobile phase and dilute to 20.0 rnL with
the mobilephase.
Reference solution Dissolve 27.8 mg of aniline hydrochloride R
(equivalent to 20.0 mg of impurity K) in the mobile pbase
and dilute to 100.0 mL with the mobile phase. Dilute
0.20 mL of the solution to 20.0 mL with the mobile phase.
Dilute 0.20 mL of this solution to 20.0 mL with the mobile
phase.
Column:
- size: 1= 0.25 m, 0 = 4 mm;
- stationary phose: octadecylsi/yl silica gelfor chromatogrophy R

(5~);

- temperature: 40°C.
Mobile phase Mix 15 volwnes of methanol R2 and
85 volumes of a solution containing 0.47 gIL of disodium
hydrogen phosphate dihydrate Rand IAI gIL of potassium
dihydrogen phosphate R previously adjusted to pH 8.0 with a
42 gIL solution of sodium hydroxide R.

Flow rate 1.0 mllmin.
Detection Spectrophotometer at 205 nm.
Injection 50 ~L.

Run time 1.5 times the retention timeof impurity K.
Retention time Impurity K = about 14 min.
Systemsuitability Reference solution:
- signal-to-noise ratio: minimwn 10 for theprincipal peak.
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Limit:
- impun"ty K: not more than the area of the principal peak

in the chromatogram obtained with the reference solution
(10 ppm).

Related substances
Liquid chromatography (2.2.29). Prepare the sohuions
immediately before use.
Solution A 1.03 gIL solution of hydro'h1ori< acidR.
Test solution Dissolve 10.0 mg of the substance to be
examined in solutionA using sonication and dilute to
10.0 mL with solution A.

Reference solution (a) Dilute 1.0 mL of the test solution to

100.0 mL with solution A. Dilute 1.0 mL of this solution to
10.0 mL with solution A.

Reference solution (b) Dissolve 5 rng of mesalasine for system
suitability CRS (containing impurities F, Jand P) in
solution A and dilute to 5 mL with solution A.

Reference solution (c) Dissolve 5 mg of 4-aminosalicyhc acid R
(imputity E), 5 mg of 2,5-dihydroxybenzoic acid R
(imputity G), 15 mg of salicyli< acidR (impurity H). 5 mg of
2-<hlorobenzoi< acidR (impurity L), 5 rng of 2-<hloro-5­
nitrobenzoic acid R (impurity M), 10 mg of sulfanili< acid R
(impurity 0) and 5 mg of 3-niJrosalicy/i< acidR (impurity R)
in solution A and dilute to 100 mL with solution A. Dilute
1 mL of the solution [Q 50 mL with solution A.
Reference solution (d) Dissolve 3.0 mg of 2-<hlorobenzoi<
acidR (impurity L) in solution A and dilute to 100.0 mL
with solution A. Dilute 1.0 mL of the solution to 100.0 mL
withsolution A.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl amorphous

organosilica polymer for ,hromatography R (5 1lI1l);
- temperature: 40 "C.
MoMe phase:
- mobile phaseA: dissolve 6.9 g of sodium dihydrogen

phosphate monohydrate R in about 950 mL of water for
chromatography R, adjust to pH 6.2 with dilute sodium
hydroxide solution R and dilute to 1000 mL with waterfor
chromatography Rj

- mobile phase B: acetonitrile for chromatography R. mobile
phase A (40:60 VIV);

Time Mobile phase A MobUe phase B
(mlo) (per cent JI/J? (per cent JIm
0·8 100 0

8·20 100 -i 85 o -i 15

20 ~ 40 85 -i 25 15 ...... 75

40- 60 25 ---> 0 75 -i 100

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 240 om.
Inje<tion 20 111-.
ldenrificatUm of impun"lks Use the chromatogram supplied
with mesalazine for system suitability CRS and the
chromatogram obtained with reference solution (b) to

identify the peaks due to impurities F, Jand Pi use the
chromatogram obtained wilh reference solution (c) to identify
the peaks due to impurities E, G, H, L, M, 0 and R.

Relative retention Withreference to mesalazine (retention
time = about 6 min): impurity 0 = about 0.5;
impurity J = about 0.6; impurity E = about 0.8;
impurity F =about 1.36; impurity G =about 1.44;

2022

impurity P =about 1.5; impurity L = about 2.0j
impurity M =about 3.3; impurity H =about 3.5;
impurity R = about 5.1.

System sut"tability:
- peak-ro-valley ratio: minimum 3.0, whereHp = height

above the baseline of the peakdue to impurity F and
H; = height above the baseline of the lowest point of the
curveseparating this peakfrom the peakdue to
mesalazine in the chromatogram obtainedwith reference
solution (b};

- signal-to-noise ratio: minimum 10 for the peakdue to
impurity L in the chromatogram obtained with reference
solution (d).

Limits:
- correaion factors: for the calculation of content, multiply

the peakareas of the following impurities by the
corresponding correction factor: impurity E = l.3j
impurity G =1.4; impurity H =1.4; impurity J =2.0;
impurity L =4.5; impurity M =1.7; impurity 0 =0.6;
impurity P =0.6j impurity R =l.3j

- impmityH: not more than 3 times the area of the
principal peakin the chromatogram obtainedwith
reference solution (a) (0.3 per cent);

- impurities F, J, 0, P. for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.1 per cent);

- impurities E, 0, L, 1\1, R: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtainedwith reference solution (a)
(0.05 per cent);

- unspeajied impurities: foreach impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtainedwith reference solution (a)
(0.05 per cent);

- tow: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.3 times the area of the principal peak in
the chromatogram obtainedwithreference solution (a)
(0.03 per cent).

Chlorides
Maximum 0.1 per cent.
Dissolve 1.50 g in 50 mL of anhydrous formic acidR.
Add 100 mL of waterRand 5 mL of dilur.nitricacidR.
Titrate with 0.005 M silvernitrate) determining the end-point
potentiometrically (2.2.20).
I mL of 0.005 M silver nitrate is equivalent to 0.1713 mg
ofCI.

Sulfates (2.4.13)
Maximum 200 ppm.

Shake 1.0 g with 20 mL of distilled waterR for 1 min and
filter, 15 mL of the filtrate complieswith the tes~.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Dissolve 50.0 rng in 100 mL of boiling waterR. Cool rapidly
to room temperature and titrate with 0.1 J\1 sodium hydroxide,
determining the end-point potentiometrically (2.2.20).
I mL of 0.1 M sodium hydroxide is equivalent to 15.31 mg of
C,H,N03 •
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STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, C, E, F, G, H, J, K, L, },.oI, 0, P, R.
Other detectable impurities (thefoiMwing substances would, if
present at a sujficienrleveJ, bedetected by one or other ofthetests
in the monograph. They are limited by thegeneral acceptance
criterion for otherlunspedfied impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notneussary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forphormaceuticol use) B, D, I, N, Q, S.

A. 4-aminophenol,

B. 3-aminophenol,

C. 2-aminophenol,

D. 3-aminobenzoic acid,

~Co,H

~N~OH

E. 4-amino-2-hydroxybenzoic acid (4-aminosalicylic acid),

Mesalazine II-243

I. 2-hydroxy-5-(phenyldiazenyl)benzoic acid
(phenylazosalicylic acid),

H,NyyCo,H

yOH
NH,

J. 3,5-diamino-2-hydroxybenzoic acid (3,5-diaminosalicylic
acid),

K. aniline,

(X
Co,H

'" CI

L. 2-chlorobenzoic acid,

O'N'(XCo,H

",I
Cl

M.2-cWoro-5-nitrobenzoic acid)

02NyYco,H

~OH

N. 2-hydroxy-5-nitrobenzoic acid (5-nitrosalicylic acid},

O. 4-aminobenzenesulfonic acid (sulfanilic acid),

('yco,H

yOH
Nil,

F. 3-amino-2-hydroxybenzoic acid (3-aminosalicylic acid),

Co,H

OH

H0Yyco,H

~OH

G. 2,5-dihydroxybenzoic acid,

(X, co,H

'" OH

H. 2-hydroxybenzoic acid (salicylic acid),

SC,H

P. 5-amino-2-hydroxy-3-(4-sulfophenyl)benzoic acid (3-(4­
sulfophenyl)-5-aminosalicylic acid),

('yCO,"
yCI

NO,

Q.2-chloro-3-nitrobenzoic acid)
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PhE" _

_____________________ PhE"

R. 2-hydroxy-3-nitrobenzoic acid (3-nitrosalicylic acid),

S. 2-hydroxy-5-[(2-carboxy-4-aminophenyl)amino]benzoic
acid.

Reference solution (a) Dissolve 4.0 mg of mesna
impurity C CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 2.0 mL of the solution to
20.0 mL with the mobile phase.

Reference solution (b) Dissolve6.0 mg of mesna
impurity D CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase.
Reference solution (c) Dilute 3.0 mL of the test solution to
10.0 mL with the mobile phase.

Reference solurion (<0 Dilute 1.0 mL of reference solution (c)
to 100.0 mL with the mobile pbase.

Reference solution (e) Dilute 6.0 mL of reference solution (c)
to 20.0 mL with the mobilephase. To 10 mL of the solution
add 10 mL of reference solution(a).
Column:
- size: 1= 0.25 m, 0 =4.6 rnm,
- stationary phase: oetade<y/silyl silica gelfor chromatography R

(10 urn}.

Mobile phase Dissolve 2.94 g of potassium dihydrogen
phosphate R, 2.94 g of dipotassium hydrogen phosphate R and
2.6 g of tetrabutylammonium hydrogen sulfate R in about
600 mL of waterR. Adjust to pH 2.3 with phosphoric acidR,
add 335 mL of methanol R and dilute to 1000 mL with
waterR.
Flowrate 1 mUmin.

Detection Spectrophotometer at 235 nm.
Injection 20 ~L.

Run time 4 times me retention time of mesna.
Relative retention Withreference to mesna (retention
time = about 4.8 min): impurities A and B = about0.6;
impurity E =about 0.8; impurity C =about 1.4;
impurity D = about 2.3.

System suitability Reference solution (e):
- resolution: minimum 3.0 between the peaks due to mesna

and impurity C.

Limits:
- correction factors: for me calculation of content, multiply

the peakareas of impurities A, Band E by 0.01,
- impun"ty C: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution <a) (0.2 per cent),

- impurity D: not more than the area of the corresponding
peak in the chromatogram obtained withreference
solution (b) (3.0 per cent),

- impuniies A, BJ E: for each impurity, not morethan the
area of the principal peakin the chromatogram obtained
with reference solution (d) (0.3 per cent),

- a1tV other impw;ty: for each impurity, not more than one
thirdof the area of the principal peakin the
chromatogram obtained with reference solution (d)
(0.1 per cent),

- sumof other impuruies: not more than the area of the
principal peakin the chromatogram obtained with
reference solution (d) (0.3 per cent),

- disregard limit: 0.15 times the area of the principal peakin
the chromatogram obtained with reference solution (d)
(0.045 per cent).

Chlorides (2.4. 4)
Maximum 250 ppm.

Dilute 1 mL of solutionS to 15 mL with waterR.

Sulfates (2.4.11)
Maximum 300 ppm.

**** ** ** ****

19767-45-4164.2

HS~So~a

(Ph. Eur. monograph 1674)

Mesna

C,H,NaO,S,

;::::~yYCo,"
H2N~ ~OH

DEFINITION
Sodium 2-sulfanylethanesulfonate.

Content
96.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellow, crystalline powder,hygroscopic.

Solubility
Freely soluble in water, slightly soluble inethanol
(96 per cent), pracLically insoluble in cyclohexane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. EUT. reference spectrum of mema.
B. It gives reaction (a) of sodium (2.1.1).

TESTS
Solution S
Dissolve J0.0 g in carbon dioxide-free waterR prepared from
distilled waterR and dilute to 50 mL with the same solvent.

Appearance of solution
SolutionS is not more opalescent than reference
suspension II (2.2.1) and not more intensely colouredthan
reference solution Y7 (2.2.2J MethodII).

pH (2.2.1)
4.5 to 6.0.

Dilute 10 mL of solution S to 20 mL with carbon dioxide-free
waterR.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.10 g of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobilephase.

('yeo,"
yOH

NO,

Action and use
Preventing adverse effects of cyclophosphamide and
ifosfamide.
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(Ph. Bur. monograph /730)

/424-(}/)-6

H

C,oH3'O, 304.5

Action and use
Androgen.

DEF1NITION
17P-Hydroxy-Ict-methyl-5ct-androstan-3-one.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor yellowish crystalline powder.
Solubility
PracticaUy insoluble in water, sparingly soluble in acetone, in
ethylacetate and in methanol.

IDENTIFICATION
A. Melting point (2.2./4): 206°C to 211 -c,
B.lnfrared absorption spectrophotometry (2.Z.24).
Comparison mesterolone CRS.

TESTS
Specific optical rotation (2.2.7)
+ 20 ro + 24 (dried substance).

Dissolve 0.200 g in methylene chloride R and dilute to
10.0 mL with the same solvent.

ImpurityB
Thin-layer chromatography (2.Z.27).

Solvent mixture methanal R, methylene chloride R (50:50 VIV).

Testsohnion Dissolve 0.100 g of the substance to be
examinedin the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
200.0 mL with the solvent mixture.

Reference solulinn (b) Dissolve 5 mg of mesurolone
impurity A CRS in reference solution (a) and dilute to
100 mL with the same solution.

PIa'" TLC silica gelpia",R.
Mobile phase methanol R, acetone R, toluene R
(2:15:85 VIV/V).

Application 10 ~L.

Development Over 2/3 of the plate.
Drying In air.
Detection Examine in ultraviolet light at 366 nm; spray with
a 200 gIL solution of toluenesuifonic acidR in ethanol
(96 per","I) R and heat ar 120°C for 10 min.

System suitability The chromatogram obtained with
reference solution (b) shows 2 clearly separated spots (blue
spot due to mesterolone and yellow spot due to impurity A).

Mesterolone

PhE.r _

NH2

N--l"j
---l A ~ .SO,H

H,N N S' <;»

Dilute 5 mL of solution S to 30 rnLwith distilled water R.
15 mL of the solution complieswith the test.

Disodiwn edetate
Maximwn 500 ppm.

Dissolve 4.000 g in 90 mL of waterR and adjust to pH 4.5
using O. / M hydrochlari< acid. Add 10 mL of aUla'" buffer
solution pH 4.5 Rand 50 mL of 2-propanal R. Add 2 mL of a
0.25 gIL solution of dithizone R in 2-propanol R. Titrate with
0.01 J\iI zinc suJJau until me colour changes from bluish-grey
to pink.

1 mL of 0.01 M" zinc sulfate is equivalent to 3.72 mg
of CIOH l4N2NazOs,2H20.

Loss on drying (2.2.32)
.Maximum 1.0 per cent, determined on 1.000 g under high
vacuum at 60°C for 2 h.

ASSAY
Dissolve 0.120 g in 10 mL of water R. Add 10 mL of diJu'"
su/jUric acidR and 10.0 mL of 0.1 M iodine. Titrate with
0.1 M sodium thiosulfate adding 1 mL of starch solution R near
the endpoint. Carry our a blank titration.
1 mL of 0./ M sodium thiosulfate is equivalent to 16.42 mg of
C,HsN, 0 3S, .

STORAGE
In an airtight container.

IMPURITIES
Specified impun"ties A, B, C, D, E.

A. 2-(corbantimidoylsulfanyl)ethanesulfonic acid,

B. 2-[[(guanidino)(imino)methyllsulfanyl)ethanesulfonic acid,

c. 2-(acetylsulfanyJ)ethanesulfonic acid,

D. 2,2'-(disulfanediyl)bis(ethanesulfonic acid),

E. 2-(4,6-diamino-I,3,5-tria2in-2-yl)sulfanylethanesulfonic
acid.

__~ PIlE.r
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PhEur _

72-33-3310.4

Action and use
Estrogen.

(ph. Bur. monograph 0509)

Calculate the percentage content of C2oHJ202 taking into
account the assigned contentof mesterdone CRS.

IMPURITIES
Specified i",pun"tier B, C.

Otherdetectable impurities {the following snbstances uxndd, if
present at a sufficient level, be delated by one or other of the tests
in themonograph. They are limited by the general acceptance
aitenon for other/unspecified impun'ties and/or by the general
monograph Substances for pharmaceutical use (2034). II is
therefore not necessary to identify these impuniies for
demonstration of compliance. See a40 5.10. ConO'01 of impurities
in substances forpharmaceutical use) A.

B. la-methyl-5a-androstane-3p,17fJ-diol,

___________________ PhEur

C. 17P-hydroxy-Ia-methyl-5a-androst-8-en-3-one.

Mestranol

A. 17P-hydroxy-la-methylandrost-4-en-3-one,

DEFINITION
Mestranol contains not less than 98.0 per cent and not more
than the equivalent of 102.0 per cent of j-methoxy-Iv-nor­
17a-ptegna-1,3,5(1 0)-trien-20-yn-17-<:>1, calculated with
reference to the dried substance.

CHARACTERS
A white or almostwhite, crystaUine powder, practically
insoluble in water, sparingly soluble in alcohol.

Limit:
- impun'ty B: any blue spot, apart from the principal spot, is

not more intense than the spot in the chromatogram
obtained with reference solution (a) (0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture water R, acetonitn"le R (20:80 VI¥').
Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.

Reference solution (a) Dissolve 50.0 mg of mesterdone CRS in
the solventmixture and dilute to 25.0 mL with the solvent
mixture.
Reference solution (b) Dissolve 10 mg of mesterdone for system
suitability CRS (containing impurity C) in the solvent mixture
and dilute to 5 mL with the solventmixture.
Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:
- size: / = 0.25 ill, 0 = 4.6 mm;
- stationary phase: end-capped ocladecylsilyl sili<a gelfor

chromarography R (3 urn).

Mobile phase acetonitrile Rt, waterfor chromawgraphy R,
methanol R2 (20:40:60 VIVIV).

Flowrate 0.9 mUmin.
Detection Spectrophotometer at 200 run.
Injection 50 pL of the test solution and reference
solutions (b) and (c).

Run time 3 times the retention time of mesterolone.
ldendficasum of impurities Use the chromatogram supplied
with mesterolone for system suitabilily CRS and the
chromatogram obtainedwil:h reference solution (b) to
identify the peak due to impurity C.

Relative retention With reference to mesterolone (retention
time =about 22 min): impurity C =about 0.9.

System suitaMlity Reference solution (b):
- resolution: minimum 2.5 between the peaksdue to

impurity C and mesterolone.
Calculation of percentage eontents:
- cornction foaor: multiply the peak area of impurity C by

0.2;
- for each impurity, use the concentration of mesterolone in

reference solution (c).
Limits:
- impurity C: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- rotal: maximum 0.3 per cent;
- reporting Ihreslwld: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection 10 ul, of the test solution and reference
solution (a).
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ASSAY
Dissolve 0.200 g in 40 mL of tetrahydrcfumn R and add
5 mL of a 100 gILsolutionof silver nitrate R. Titrate with
0.1 At! sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

I mL of 0.1 M sodium hydroxide is equivalent to 31.04 mg of
C21H2602 .

STORAGE
Store protected from light.

108-39-4108.1

('y0H

Y
CH,

Action and use
Antiseptic; antimicrobial preservative.

Metacresol

DEFINITION
3-Methylphenol.

CHARACTERS
Appearance
Colourless or yellowish liquid.

Solubility
Sparingly soluble in water, miscible with ethanol
(96 per cent) and with methylene chloride.

Relative density
About 1.03.

mp
About 11 "C.

bp
About 202 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of metacresol.

TESTS
Solntion S
Dissolve 1.5 g in carbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Appearance of solution
Freshly prepared solutionS is not moreopalescentthan
reference suspensionill (2.2. J) and not more intensely
coloured thanreference solutionBY1 (2.2.2) l\tlethod II).

Acidity
To 25 mL of solution S add 0.15 mL of methyl red solution R.
The solution is red. Not more than0.5 mL of 0.01 M sodium
hydroxide is required to change the colour of the indicator to
yellow.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

(Ph. Bur. monograph 2077)

IDENTIFICATION
First identification.. B.
Second idendficasion: A, C~ D.
A. Melting point (2.2.14): 150"C to 154 "C.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
mestranol CRS.
C. Examine the chromatograms obtainedin the test for
related substances in daylight and in ultraviolet lightat
365 nm. The principal spot in the chromatogram obtained
with test solution (b) is similar in position,colour,
fluorescence and size to the principal spot in the
chromatogram obtained with reference solution (a).
D. Dissolve about 5 mg in I mL of sulfuric acid R. A red
colour develops with a greenish-yellow fluorescence in
ultraviolet lightat 365 nm. Add the solution to 10 mL of
waterR and mix. The solution becomes pink and a pink to
violet precipitate is formed on standing.

TESTS
Specific optical rotation (2.2.7)
Dissolve 0.100 g in anhydrous pyridine R and dilute to
10.0 mL with the same solvent.The specificoptical rotation
is -20 to -24) calculated with reference to the dried
substance.

Absorbance (2.2.25)
Dissolve 25.0 mg in alcohol R and dilute to 25.0 mL with the
same solvent. Dilute 10.0 mL of this solutionto 100.0 mL
with alcohol R. Examinedbetween 260 run and 310 nm, the
solution shows two absorption maxima, at 279 nm and
288 run) and a minimum at 286 run. The specific
absorbances at the maxima are 62 to 68 and 59 to 64,
respectively.

Related substances
Examine by thin-layer chromatograpby (2.2.27), using ,i1i<a
gel GRas the coating substance.
Testsolution (a) Dissolve 0.10 g of the substance to be
examined in chloroform R and dilute to 10 mL with the same
solvent.
Test solution (b) Dilute I mL of test solution (a) to 10 mL
with chloroform R.

Reference solution (a) Dissolve 10 mg of mestranol CRS in
ch/orofinm R and dilute to 10 mL with the same solvent.
Reference solution (b) Dilute I mL of test solution (b) to
10 mL with chloroform R.
Reference solution (c) Dilute 5 mL of reference solution (b)
to 10 mL with chloroform R.

Apply separately to the plate 5 ~L of each solution. Develop
over a path of 15 em using a mixture of 10 volumes of
alcohol Rand 90 volumes of toluene R. Allow the plate to dry
in airuntil the solvent has evaporated. Heat at 110 DC for
10 min. Spray the hot plate with alcoholl< solution of sulfuric
add R. Heat again at 110 "C for 10 min. Examine in daylight
and in ultraviolet light at 365 nm. Any spot in the
chromatogram obtainedwith test solution (a), apart from the
principal spot, is not more intense than the spot in the
chromatogram obtainedwith reference solution (b)
(1.0 per cent) and at most one such spot is more intense
than the spot in the chromatogram obtainedwith reference
solution (c) (0.5 per cent).

Loss on drying (2.2.32)
Not more than 1.0 per cent, determined on 0.500 g by
drying in an oven at 105°C for 3 h.
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Test solution Dissolve 1.00 g of the substance to be
examined in methanol R and dilute [0 100.0 mL with the
same solvent.

Reference solution (a) Dissolve 0.10 g of emol R, 0.10 g of p­
cresol Rand 0.10 g of the substance to be examined in
methanol R and dilute to 20.0 mL with the same solvent.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
20.0 mL with methanol R.

Column:
- material: fused silica,
- size: 1= 25 m, 0 = 0.25 mID)

- stationary phase: cyanopropyl(25)phenyl(25)melhyl(50)
polysiJoxane R (0.2 pmj.

Carriergas helium for chromatography R.

Flow race 1.8 mUmin.

Splil ratio 1:30.

Temperature:

Column

Inje<:tionport

Detector

Tim.
(mln)

0-35

35 - 40

40-50

Temperature
(,CJ
100

100 --> 150

150

200

200

("'y0H

o
A. phenol)

B. 2-methylphenol (e-cresol, cresol),

C. 4-methylphenol (p-cresol),

D. 2,6-dimethylpbenol (2,6-xylenol),

OC
OH

">. I CH,

Detection Flame ionisation.

Injection 1.0 JIL.
Relative retention With reference to metacresol (retention
time = about 28 min): impurity B = about 0.75;
impurity C =about 0.98.

System sUt"tability Reference solution (a):
- resolution: minimum 1.4 between the peaks due to

impurity C andmetacresol.
Limits:
- impurities B) C: for each impurity, not more man'

0.5 per cent,
- any other impun·ty: foreach impurity, not more than

0.1 per cent,
- total: not more than 1.0 per cent.
- disregard limit: me area of thepeak due to metacresol in

the chromatogram obtained with reference solution (b)
. (0.05 per cent).

Residue on evaporation
Maximum 0.1 per cent.
Evaporate 2.0 g to dryness on a water-bath in a fume
cupboard and dry at 100-105 "C for I h. The residue weighs
a maximwn of 2 mg.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Spe;:ijied impurities B, C.
Otherdetectable impurilies (the following substances would, if
present at a sufficient level) be deucted by one or other of the tests
in the monograph. They arelimited by thegeneral acceptance
cricerion for otherlunspe;:ijied impuriries and/or by the general
monograph Substances for phannaceuti<al use (2034). II is
therefore not necessary to identify these impun·ties for
demonstration of compliance. See also 5.10. Control of ;mpun·ties
in substances for pharmaceutical use) A) D) EJ F) G, H) t, J)
1(, L~ ~w.

E. 2-ethylphenol (e-ethylphenol),

F. 2,4-dimethylphenol (2,4-xylenol),

G. 2,5-dimethylpbenol (2,5-xylenol),

NOH

~CH3
CH,

H.2-(I-methylethyl)phenol,

I. 2,3-dimethylpbenol (2,3-xylenol),

H3CyyOH

Y
CH,

J. 3,5-dimethylpbenol (3,5-xylenol),

("'y0H
H,C~

K. 4-ethylphenol (p-ethylphenol),

www.webofpharma.com



2022 Metfonnin Hydrochloride II-249
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1115-70.4165.6

Phenones
Absorbance of a 0.2% wlv solution at 310 run, not more than
0.2, calculated with reference to the dried substance,
Appendix II B.

Related substances
Carry out in subdued light the method for thin-layer
chromatography, Appendix IIIA, using the following solutions
in methanol.
(1) 1.0% w/v of the substance being examined.
(2) 0.050% wlv of the substance being examined.

(3) 0.0050% wlv of the substance being examined.

(4) 0.050% w/v of metaraminol tartrate BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a silicagel precoated plate (Merck silica gel 60 plates
are suitable).
(b) Use the mobile phase as described below.

(c) Apply 10 1'1. of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, dryin air and spray witha
solution prepared in the following manner. Mix 25 mL of a
0.45% wlv solution of sulfanilie add in 1M hydrochloric acid
with 1.5 mL of a 5% wlv solution of sodium nitrite, allow to
stand for 5 minutes and mix cautiously with 25 mL of
2M sodium carbonate.

MOBILE PHASE

10 volumes of 13.5M ammonia, 80 volumes of chloroform and
80 volumes of methanol.

LIMITS

Anysecondary spot in the chromatogram obtainedwith
solution (1) is not more intense than the spot in the
chromatogram obtained with solution (3) (0.5%).

Loss on drying
When dried to constant weightat 105°, loses not more than
0.5% of its weight. Use 1 g.

Sulfated ash
Not more than0.1%, Appendix IX A.

ASSAY
Carry out Method I fornon-aqueous titration,
AppendixVIII A, using0.6 g and crysUlI violet solution as
indicator. EachmL of O.lM perchloric acid VS is equivalent to
31.13 mg of C.H"NO"C.H,O,.

(Ph. Eur. monograph 0931)

Metformin Hydrochloride

C.H12CIN,

Acdon and use
Biguanide; treatment of diabetes mellitus.

Preparations
Metfunnin Oral Solution

Metfonnin Tablets

Metformin Prolonged-release Tablets

17171-57-2

H OH
X .COOH

HOOC' X
H OH

311.3

~CH3Y H'~NH2

OH

Metaraminol Tartrate

Acdon and use
Adrenocepror agonist.

Preparation
Metaraminol Injection

(I(H
H3C~

CH,

CHARACTERISTICS
A white, crystalline powder.
Freely soluble in water; sparingly soluble in elhano! (96%);
practically insoluble in ether.

IDENTIFICATION
A. In the test for Related substances the principal spot in the
chromatogram obtainedwith solution (2) corresponds to that
in the chromatogram obtained with 'solution (4).

B. To 0.5 mL of a 0.05% w/v solurion add 0.5 mL of
phosphomolybdotungstk reagent and 5 mL of dilute sodium
carbonate solution and allow [0 stand for 5 minutes.
An intenseblue colour is produced.
C. To 4 mL of a 0.05% w/v solution add 5 mL of borate
buffer pH 9.6 and I mL of a freshly prepared 0.5% wlv
solution of sodium 1,2-naphthaquinone-4-sulfonate and allow to
standfor I minute. Add 0.2 mLof a 2%v/v solution of
benzalhonium chloride solution and 5 mL of toluene and shake.
A mauve colour is inunediately produced in the toluene layer
(distinction from phenylephrine).

TESTS
Acidity
pH of a 5% wlv solution, 3.2 to 3.5, Appendix V L.

M.2,3,5-trimethylphenol.

H'CyyOH

y CH3

CH,

L. 3,4-dimethylphenol (3,4-xylenol),

DEFINITION
Metaraminol Tartrate is (IR,2S)-2-amino-I-(3­
hydroxyphenyljpropan-f-ol hydrogen (2R,3R)-tartrale.
It contains not less than 99.0% and not more than 101.0%
of CgHnN02,C.tH606) calculated with reference to the dried
substance.
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DEFINITION
I,I-Dimethylbiguanide hydrochloride.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white crystals.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in acetone and in
methylene chloride.

IDENTIFICATION
First identification: B, E.

Secondidentification: AJ C) D, E.

A. Melting point (2.2.14): 222 "C to 226 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison meifonnin hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in water R and dilute lO 5 mL with the same
solvent.

Reference solutio" Dissolve 20 mg of metfonnin
hydrochloride CRS in water R and dilute to 5 mL with the
same solvent.

Plate TLC fiiica gelG plateR.

~lobile phase glacialacetic acid R, butanol R, water R
(10:40:50 VIVIV); use the upper layer.

Application 5 It1..
Development Over 314 of the plate.

Drying At 100-105 "C for 15 min.

Detection Spray with a mixture of equal volwnes of a
100 gIL solution of sodiumnitroprusside R, a 100 gIL solution
of potassium femcyanide R and a 100 gIL solution of rodium
hydroxideR, prepared 20 min before use.

Results The principal Spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. Dissolve about 5 mg in waterR and dilute to 100 mL
with the same solvent. To 2 mL of the solution add 0.25 mL
of strong sodium hydroxide solution Rand 0.10 mL of
a-naphtholsolution R. Mix and allow to stand in iced water
for 15 min. Add 0.5 mL of sodium hypobronn'te solution Rand
mix. A pink colour develops.

E. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.0 g in water R and dilute to 20 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method If).
Heat the solution to 50°C and cool to room temperature.

impurity F
Liquid chromatography (2.2.29).

Derivauuuionsolution Prepare the solution immediately before
use. Dilute I mL ofjiWJrodinitrobenzen. R in 100.0 mL of
acetonitrile R.
Blank solution To 5.0 mL of acetonitrile R add 100 ~L of
triethylamine Rl and 1.0 mL of the derivatisation solution.'

2022

Shake well and heat at 60°C for 30 min. After cooling,
dilute to 10.0 mL with acetonitrile R.

Test solution Prepare the solution immediately before use.
Suspend 10.0 mg of the substance to be examined in 5.0 mL
of acetonitrile R and sonicate for 5 min. Add 100 ilL of
triethylamine Rl and 1.0 mL of the derivatisation solution.
Shake well and heat at 60°C for 30 min. After cooling,
dilute to 10.0 mL with acetonitrile R. Filter or centrifuge at
800 g for 5 min before use.

Reference solution Dilute 1.0 mL of metfomn·n
impurityF CRS in 100.0 mL of acetonitrile R. Dilute 2.5 mL
of the solution to 100.0 mL with acewnitrile R. To 1.0 mL of
this solution add successively 5.0 mL of autonitrile R, 100 ilL
of uiethylamine R J and 1.0 mL of the derivatisation solution.
Shake well and heat at 60°C for 30 min. After cooling,
dilute to 10.0 mL with acetonitrile R.

Column:
- size: 1= 0.J25 m, 0 = 3 mmj
- stationary phase: spherical end-capped OCIode<y/si/y1 silica gel

for chromatography Rl (5 urn);
- temperature: 30 "C.
MoMe phase:
- mobile phaseA: phosphonc acid R, waterfor

chromawgraphy R (0.1:99.9 VII');
- mobile phaseB: acetonitrile R;

Time Mobile phase A MobIle phase B
(min) (per cent VIJI) (per cent VIP)

0-10 60 ..... 45 40 ..... 55

10 - 11 45 ...... 25 55 ..... 75

J I - 15 25 75

F/QW rate 0.7 mUmin.
Detection Spectrophotometer at 380 run.

Injection 5 ~L.

Idemifiouion 0/impurities Use the chromatograms obtained
with the blank solution and the reference solution to identify
the peak due to the impurity F derivative.

Retention time Impurity F derivative = about 4 min.

System suitability Reference solution:
- resolution: minimum 3.0 between the peak due to the

impurity F derivative and the nearby eluting peaks due to
the derivatisation reagent.

Limit:
- impurilyF: not more than the area of the corresponding

peak in the chromatogram obtained with the reference
solution (0.05 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution (a) Dissolve 20.0 mg of meifonnin
impurityA CRS in water R and dilute to 100.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 200.0 mL
with the mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase. Dilute 1.0 mL of this ~

solution to 20.0 mL with the mobile phase.

Reference solution (c) Dissolve 10 mg of melamine R
(impurity D) in about 90 mL of waterR. Add 5 mL of the
test solution and dilute to 100 mL with waterR. Dilute 1 mL
of this solution to 50 mL with the mobile phase.
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Column:
- size: 1= 0.25 rn, 0 =4.6 mm;
- stationary phase: strong cation-exchange silica gelfor

chromatography R (10 pm).

lvlob,1e phase 17 gIL solution of ammonium dihydrogen
phosphat< R adjusted to pH 3.0 with phosphoric acidR.

Flow rate 1.0 mIJrnin.
Detection Spectrophotometer at 218 run.

Injection 20 f1L.
Run time Twice the retention timeof merfonnin.
Identification of impun'ties Use the chromatogram obtained
with reference solution (a) to identify the peakdue to

impurity A; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity D.

Relativeretention With reference to metfonnin (retention
tirne > about 14 min): impurityA;;;; about 0.3;
impurity D = about 0.4.

System suicabil1"ty Reference solution (c):
- resolution: minimum 10 betweenthe peaksdue [Q

impurity D and metformin.
Limits:
- impurity A: not more than me area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (0.02 per cent);

- unspecified impuruies: for each impurity, not more than
0.5 times the area of the principal peakin the
chromatogram obtainedwith reference solution (b)
(0.05 per cent);

- total: maximwn 0.2 per cent;
- disregard limit: 0.3 times the area of the principal peakin

the chromatogram obtainedwithreference solution (b)
(0.03 per cent); do not disregard the peakdue to
impurity A.

Loss on drying (2.2.32)
Maximum 0.5 pet cent, determined on 1.000 g by drying in
an oven at 105 °C for 5 b.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 4 mL of anhydrousfarmic acidR.
Add 80 mL of acetonitrile R. Carry out the titration
immediately. Titrate with 0.1 M perchlori< acid,determining
the end-point potentiometrically (2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 16.56 mg of
C.H12CIN5 •

IMPURITIES
Specified impurities A, F.
Otherdetectable impurities (thejollowing substances would) if
present at a sufficientleveJ, be detected by oneor other of the tests
in themonograph. They are limited by thegeneral acceptance
cnterion for othenunspecfied impurities and/or by thegeneral
monograph Substances for pharmm:eutical use (2034). It is
therefore not necessary UJ identify these impnrities for
demonstration of compliance. See also 5.10. Control of impurities
in subuances for phannaceutical use) BJ C, D} E.

A. cyanoguanidine,

Methacrylate Copolymers 11-251

B. (4,6-diamino-1 J3,5-ttiazin-2-yl)guanidine,

C. N2,N2-dimethyl-I,3,5-triazine-2,4,6-triamine (N,N­
dimethylmelamine),

D. 1,3,5-triazine-2,4,6-triamine (melamine),

E. f-merhylbiguanlde,

F. N-methylmetbanamine (dimethylamine).
____________________ POE"

Basic Butylated Methacrylate
Copolymer
(ph. Eur. monograph 1975)

Action and use
Exdpient.

POE" _

DEFINITION
Copolymer of 2-(dimethylamino)ethyl methacrylate, butyl
methacrylate and methyl methacrylate havinga meanrelative
molecular mass of about 47000. The ratio of
2-(dimethylamino)ethyl methacrylate groups to butyl
methacrylate and methyl methacrylate groups is about 2:1:1.

Conten of (dimethylamino)e/hyl groups 20.8 per cent to
25.5 per cent (dried substance).

CHARACTERS
Appearance
Colourless or yellowish granules or white or almostwhite
powder, slightly hygroscopic.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride. It dissolves slowly in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison basic bllly/aled methacrylate copolymer CRS.
B. It complieswith the limits of me assay.
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TESTS
Solution S
Dissolve 12.5 g in a mixture of 35.0 g of acetone Rand
52.5 g of 2-propano/ R.

Viscosity (2.2.1 U)
3 rnl'a-s to 6 rnf'a-s, determinedon solution S.
Apparatus Rotatingviscometer.

Dimensions:
- spit/die: diameter =25.15 mrn, height =90.74 mm, shaft

dlameter e 4 mm;
- cy/i"'ler. diameter = 27.62 mrn, height = 0.135 m.

Rotating speed 30 rlmin.

Volume of solurion 16 mL of solution S.

Temperature 20 °C.

Absorbance (2.2.25)
Maximwn 0.30 at 420 run,determined on solution S.

Appearance of a film
Spread 1.0 mL of solution S evenly on a glass plate. Upon
drying a clear film is formed.

Monomers
Maximum0.1 per cent for each monomer (butyl
methacrylate, methyl methacrylate and 2-(dimethylarnino)
ethylmethacrylate), determined by procedures A and B.

. A. Butyl methacrylate and methyl methacrylate. Liquid
chromatography (2.2.29).

Solvent mixture acetonitrile RI, phosphate buffer solution
pH 2.0 R (40:60 VW).

Test solution Dissolve 1.00 g of the substance to be
examinedin the solvent mixture and dilute to 50.0 mL with
the solvent mixture.
Reference solution Dissolve 20.0 mg of butylmethacrylate CRS
(impurity A) and 10.0 mg of methylmethacrylate CRS
(impurity B) in 3.0 mL of butanol R and dilute to 10.0 mL
with the solvent mixture. Dilute 1.0 mL of the solution to
250.0 mL with the solvent mixture.
Column:

- size: 1= 0.125 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecy/silyl silica gelfor

chromalOgmphy R (7 J111l).
Mobile phase phosphate buffer solution pH 2.0 R, methanol R2
(45:55 VIV).

F/qw rate 2.0 mUmin.

Deucsion Spectrophotometer at 205 nm.

Inje<tion 50~.

System suitability Reference solution:
- resolution: minimum 5 between the peaks due to

impurities A and B.
Calculatethe percentagecontents of impurities A and B
using the following expression:

C AT
100 X 10-6 X 50 x - x ­

M AR

C concentration of the monomerin the reference solution, in
micrograms permillilitre;

M mossof substance to be examinedin the test solution, in grams;
AT areaof the peak due to themonomer in the chromatogram

obtainedwith the test solution;
AR areaof the peakdue to the monomerinthe chromatogram

obtainedwith thereference solution.

B. 2-(Dimethylarnino)ethyl methacrylate. Liquid
chromatography (2.2.29).

2022

Testsolution Dissolve 1.00 g of the substance to be
examined in tetrahydrofuran R and dilute to 50.0 mL with the
same solvent.
Reference solurion Dissolve 10.0 mg of 2-(dimelhy!amino)ethyl
methacrylate CRS (impurity C) in tetrahydrofuran R and dilute
to 50.0 mL with the same solvent. Dilute 2.0 mL of the
solution to 50.0 mL with tetrahydro/uran R.

Column:
- size: I =0.125 m, 0 =4.6 mm;
- stationary phase: aminopropylsilyl silica gelfor

chromarogmphy R (7 pm).

Mobile phase Mis 25 volumes of a 3.404 gIL solution of
potassium dihydrogen phosphate Rand 75 volumes of
tetrahydrofuran R.
F/qw rate 2.0 mUmin.

Detection Spectrophotometer at 215 run.

lnje<tion 50 ~L.

Calculate the percentage content of impurity C as described
under procedure A.
Loss.on drying (2.2.32)
Maximum 2.0 per cent) determined on 1.000 g by drying in
an oven at 110°C for 3 b.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 4 mL of waterRand 96 mL
of anhydrous acetic acid R. Titrate with 0.1 M perchloric acid,
determining the end-point potentiometrically (2.2.20).

I mL of 0.1 M perchloric acidis equivalent to 7.21 mg of
C,HION.

STORAGE
In an airtight container.

IMPURITIES

A. butyl 2-methylprop-2-enoate (butyl methacrylate),

o
H,C, ..lI' 'OCH3

CH,

B. methyl 2-methylprop-2-enoate (methyl methacrylate),

C. 2-(dimethylarnino)ethyl 2-methylprop-2-enoate
(2-(dimethylamino)ethyl methacrylate).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when used as an excipien: (see chapter
5.15). Someof!he characteristics described in the Functionality­
related characteristics seaionmay also bepresent in the mandatory
part of the mMograph since theyalsorepresent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functwna/ily-reJated
characteristics seaion. Control of the charaaetistics can contribute
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to the quality of a medicinal product by improving theconsistency
of the numufactuting process and theperformance of themedicinal
product duringuse. W'here control methods orecited. they are
recognised as being suitable for thepurpose, but othermethods can
also he used. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.
The following characteristics may be relevant for basic huty/aled
methaaylare copolymer usedas film former in tablets.

Viscosity
(see Tests).

Appearance of a fihn
(see Tests).

Solublllty of a film
Take the film obtained in the test for appearance of a film
(see Tests), place it in a flask containing a 10.3 gILsolution
of hydrochloric acidR and stir. It dissolves within I h. Take
anotherfilm, place it in a flask containingphosphate buffer
solution pH 6.8 R and stir. It does not dissolve within 2 h.
_________--'-- !'IIE«

Methacrylic Acid • Ethyl Acrylate
Copolymer (1:1)
(Ph. Bur. monograph 1128)

Action and use
Pharmaceutical aid.

P1>E<I _~ ~ _

DEFINITION
Copolymer of methacrylic acid and emyl acrylate havinga
mean relative molecular mass of about 250 000. The ratioof
carboxylic groups to estergroupsis about 1:I. The substance
is in the acid fonn (type A) or partially neutralised using
sodium hydroxide (type B). It may containsuitable surface­
active agentssuch as sodium dodecyl sulfate and
polysorbate 80.

Content
- type A: 46.0 per cent to 50.6 per cent of methacrylic

acid units (dried substance);
- type B: 43.0 per cent to 48.0 per cent of methacrylic

acid units (dried substance).

CHARACTERS
Appearance
White or almost white, free-flowing powder.

Solublllty
Practically insoluble in water (type A) or dispersible in water
(type B), freely soluble in anhydrous ethanol, practicaUy
insoluble in ethyl acetate. It is freely soluble in a 40 gIL
solution of sodium hydroxide.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.1 g of the substance to be examined
in I mL of ethanol (90 per cmt VIV) R and place 2 drops of
the solution on a sodium chloride plate;dry to allow the
formation of a film and cover with another sodium chloride
plate.

Comparison me/hacrylic acid - efhylacrylate copolymer (1:1) ­
type A CRS or methacrylic acid - ethyl acrylate copolymer
(1:1) - type B CRS.

B. It complieswith the limits of the assay.

Methacrylic Acid Copolymers 11-253

C. Sulfated ash (see Tests).

TESTS
Viscosity (2.2.11J)
- TypeA: 100 ml'a-s to 200 mPa-s,

Dissolve a quantity of the substance to be examined
corresponding to 37.5 g of the dried substance in a mixture
of 7.9 g of waltr Rand 254.6 g of 2-propanol R. Determine
the viscosity at 20°C using a rotating viscometer at a shear
rateof 10 5-1.

- Type B: maximum 100 ml'a.s.

Disperse a quantity of the substance to be examined
corresponding to 80.0 g of the dried substance in water R
and makeup to 400 g with the same solvent. Stirfor 3 hand
determine the viscosity at 23°C usinga rotating viscometer
and a spindlerotating at 100 r/min.
Dimensions of the spindle Diameter = 47.0 mm;
height = 27.0 mm; shaft diameter = 3.18 mm.

Appearance of a film
Spread I mL of the solution (type A) or dispersion (type B)
prepared for the test forviscosity on a glass plate and allow
to dry. A clear, brittle filmis formed.

Ethyl acrylate and methacrylic acid
Liquid chromatography (2.2.29).

SoIUlian A Dissolve 3.5 g of sodium perchlorate R in water R
and dilute to 100.0 mL with the same solvent.
Bkmk solution me/hanoiR, solution A (50:50 VIV).

Testsolution Dissolve 3.0 g of the substance to be examined
in methanol R and dilute to 50.0 mL with the same solvent.
To 5.0 mL of solution A add 5.0 mL of the solution
clropwise whilst stirring continuously. Centrifuge until a clear
supernatant is obtained. Use the clear supernatant as the test
solution.
Reference solution Dissolve 50.0 mg of ethylacrylate Rand
50.0 mg of methacrylic acidR in 5 mL of butanolR and dilute
to 100.0 mL with me/hanoiR. Dilute 1.0 mL of the solution
to 100.0 mL with methanolR. Dilute 2.0 mL of this solution
10 10.0 mL with methanolR. Mix 5.0 mL of this solution and
5.0 mL of solution A.

Column:
- size: 1= 0.125 m, 0 = 4.6 mm;
- stationaryphase: end-capped octadecy/si/yl silica gelfor

chromatography R (7 1'JIl).
Mobilephase Mix 20 volumes of methanol R2 and
80 volumes of waltr for chromatography R previously adjusted
to pH 2.0 with phosphoric acidR.
FWw rate 2.0 mUmin.
Deteaion Spectrophotometer at 202 nm.
Injection 20 fIL.
Retention lime Methacrylic acid = about 3 min; ethyl
acrylate = about 9 min.

System suitability:
- resolution: minimum 5.0 between the peaks due to

methacrylic acid and ethyl acrylate in the chromatogram
obtainedwith the reference solution,

- the chromatogram obtained with the blank solution does
not show peakswiththe same retention times as ethyl
acrylate or methacrylic acid.

Calculation ofpercentage contents:
- for ethyl acrylate and methacrylic acid,use the respective

concentration of thesesubstances in the reference
solution.
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Limit:
- sum of thecontents of ethylacrylate and melhacrylic add:

maximum 0.01 per cent;
- reponing threshold: 1 ppm.

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
an oven at 105 DC for 6 h.

Sulfated ash (2.4.14)
Maximum 0.4 per cent (type A) or 0.5 per cent (0

3.0 per cent (type B), determined on 1.0 g.

ASSAY
Dissolve 1.000 g in a mixture of 40 mL of water R and
60 mL of 2-propanol R. Tittate slowly while stirring with
0.5 M sodium hydroxide, using phenolphthalein solution R as
indicator.
1 mL of 0.5 M sodium hydroxide is equivalent to 43.05 mg of
C.H,02 (methacrylic acid units).

LABELLING
The label states the type (type A or type B).

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides information on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when usedas an exdpient (see chapter
5.15). Someof the characteristics described in the FunaWnality­
relaudcharacteristics section mayalso bepresent in themandatory
part of the monograph since they alsorepresent mandawry quah"ty
cntetia: In suth cases, a cross-reference to the tests described in the
mandatory part is included in the Functionolisy-related
characteristics section. Control of thecharacteristics can contribute
10 thequalilyof a medicinal pfoduCl by improving the consislency
of the manufacturing process and the performance of the medicinal
product dming use. Where control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
alsobe used. WhemJer results for a particular characteristic are
reponed, the control method must be indicated.
Thefollowing charaaeristics may be relevant for methacrylic
acid - ethylaery/ale copolymer (J: 1) usedas gustro-resistant
coating agent.

Viscosity
(see Tests).

Appearance of a Iihn
(see Tests).

Solubility of a Iihn
Take a piece of the film obtainedin the test for appearance
of a film (see Tests), place it in a flask containing a 10.3 gIL
solution of hydrochlom acidR and stir; it does not dissolve
within 2 h. Take another piece of the film, place it in a flask
containing phosphate buffer solution pH 6.0 R and stir;
it dissolves within 1 h.
____________________ PIIE"

2022

Methacrylic Acid • Ethyl Acrylate
Copolymer (1:1) Dispersion
30 per cent
(ph. Eur. monogroph 1129)

Action and use
Excipient.

PIlE" _

DEFINlTION
Dispersion in water of a copolymer of methacryllc acid and
ethylacrylate havinga meanrelative molecular mass of about
250 000. The ratio of carboxylic groups to estergroups is
about 1:1.

Content
46.0'per cent to 50.6 per cent of methacryJic acid units
(residue on evaporation).
It may containsuitable surface-active agentssuch as sodium
dodecyl sulfate and polysorbate 80.

CHARACTERS
Appearance
Opaque, white or almostwhite, slightly viscous liquid.

Solubility
Misciblewith water. On addition of solvents such as acetone,
anhydrous ethanolor z-propanol, a precipitate is formed
which dissolves on addition of excess solvent. It is miscible
with a 40 gIL solution of sodium hydroxide.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.1.24).

Comparison Ph. Bur. reference spectrum of methactylic acid ­
ethyl acrylate copolymer (1:1) dispersion 30 percent.
B. It complieswiththe limits of the assay.

TESTS
Viscosity (2.2.10)
Maximum 15 ml'a.s, determined using a rotating viscometer
at 20 QC and at a shear rateof 50 S-I.

Appearance of a film
Place 1 mL on a glassplate and allowto dry. A clear,brittle
film is formed,

Particulate matter
Filter 100.0 g through a tared stainless steel sieve (90). Rinse
with water R until a clearfiltrate is obtainedand dry at
100-105 QC. The residue weighs a maximum of 1.00 g.

Ethyl acrylate and methacryllc acid
Liquid chromatography (2.2.29).

Solution A Dissolve 3.5 g of sodium perchlorate R in waterfor
chromatography R and dilute to 100.0 mL with the same
solvent.
Blank solution Solution A, methanol R1 (1:2 VJII).

Test solution Dissolve 10.0 g of the dispersion to be
examined in methanol Rl and dilute to 50.0 mL with the
same solvent. To 5.0 mL of solution A add 10.0 mL of the
solutiondropwise whilststirring continuously. Centrifuge
until a clear supernatant is obtained. Use the clear
supernatant as the test solution.
Reference solution Dissolve 50.0 mg of ethyl aery/ale Rand
50.0 mg of methacrylic acidR in 5 mL of butanol R and dilute
to 50.0 mL with methanol R1. Dilute 1.0 mL of the solution
to 100.0 mL with methanol R1. Dilute 2.0 mL of this
solution to 10.0 mL with methanol R1. Mix 10.0 mL of this
solution and 5.0 mL of solution A.
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Thefollowing characteristics may be relevant for methacrylic acid­
ethyl acrylate copolymer (1:1) dispersion 30 percen' used as a
gastm-resistant coaling agent.

Viscosity
(see Tests).

Appearance of a film
(see Tests).

Solubility of a film
Take a piece of the film obtained in the test Cor appearance
oCa film (see Tests), place it in a flask containing a 10.3-gIL
solution of hydrochloric addR and stir; it does not dissolve
within 2 h. Take another piece of the film, place it in a flask
containing phosphate buffer solution pH 6.0 Rand stir;
it dissolves within 1 h.

DEFINITION
Copolymer of methacrylic acid and methyl methacrylate
having a mean relative molecular mass of about 135 000.
The ratio of carboxylic groups to ester groups is about 1:1.

Content
46.0 per cent to 50.6 per cent of methacrylic acid units
(dried substance).

CHARACTERS
Appearance
White or almost white, free-flowing powder.

Solubility
Practically insoluble in water, freely soluble in anhydrous
ethanol and in 2-propanol, practically insoluble in ethyl
acetate. It is freely soluble in a 40 gIL solution of sodium
hydroxide.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.1 g of the substance to be examined
in I mL of 2-praponol R and place 2 drops of the solution on
a sodium chloride plate; dry to allow the fonnation of a film
and cover with another sodium chloride plate.

Comparison methacrylic add - methyl methacrylate copolymer
(1:1) CRS.

B. It complies with the limits of the assay.

TESTS
Viscosity (2.2.10)
50 mf'a-s '0 200 rnl'a-s,
Dissolve a quantity of the substance to be examined
corresponding to 37.5 g of the dried substance in a mixture
of 7.9 g of water Rand 254.6 g of 2-proponol R. Determine
the viscosity using a rotating viscometer at 20 °C and at a
shear rate of 10 S-I.

**** ** ** ****
Methacrylic Acid • Methyl
Methacrylate Copolymer (1:1)
(ph. Eur. monograph 1127)

Action and use
Excipient.

Column:
- size: I::: 0.125 m, (2) ::: 4.6 mm;
_ stationary phase: end-capped octad«y/si/yl silica gelfor

chromatagraphy R (7 urn).

Mob,lephase Mix 20 volumes of me/hanoiR1 and
80 volumes of waterfor chromatography R previously adjusted
to pH 2.0 with phosphoric acid R.
Flow rale 2.0 mUmin.

Detection Spectrophotometer at 202 nm.

Injection 20 ~L.

Retention time Methacrylic acid « about 3 min, ethyl
acrylare e about 8 min.

System suitab,lity:
- resolution: minimum 5.0 between the peaks due to

methacrylic acid and ethyl acrylate in the chromatogram
obtained with the reference solution;

- the chromatogram obtained with the blank solution does
not show peaks with the same retention times as ethyl
acrylate or methacrylic acid.

Calculation of percentage contents:
- for ethyl acrylate and methacrylic acid, use the respective

concentration of these substances in the reference
solution.

Limir.
- sum of the contents of ethyl acrylate and methacrylic add:

maximum 0.01 per cent;
- repom'ng threshold: I ppm.

ResIdue on evaporation
28.5 per cent to 31.5 per cent.

Dry 1.000 g at 110"C lor 5 h. The residue weighs not less
than 0.285 g and not more than 0.315 g.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

Microbial contamination
T AMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 10' CFU/g (2.6.12).

ASSAY
Dissolve 1.500 g in a mixture of 40 mL of waterRand
60 mL of 2-propanol R. Titrate slowly while stirring with
0.5 M sodium hydroxide, using phenolphthalein solution R as
indicator.

I mL of 0.5 M sodium hydroxide is equivalent to 43.05 mg
of C,H.O. (rnethacrylic acid units).

STORAGE
At a temperature of 5 °C to 25°C, protected from freezing,

FUNCTIONALITY-RELATED CHARACTERISTICS
This seaion provides infomration oncharacteristics that are
recognised as being relevant control parameters for oneormore
functions of the substance when usedas an ~ipient (seechapter
5.15). Some of the cbaractennics described in the Fuuaionality­
maud characteristics section may also bepresent in me mandatory
pareof the mouograph since they also represent mandatoryquality
oitena. In such cases, a cross-reference to the tesrs described in ehe
mandatory part. is induded in the Functionality-relaUfJ
characteristics section. Control of the characteristics can contribute
to the qualityofa medicinal product by improving the consistency
of the manufacturing process and the perfonnance of the medicinal
product dun'ng use. W'here control methods arecued, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.
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Appearance of a film
Place 1 mL of the solution prepared in the test for viscosity
on a glass plate and allow to dry. A clear, brittlefilm is
formed.

Methyl methacrylate and methacrylic acid
Liquid chromatography (2.2.29).

Blank solution Ivlix 3.0 mL of methanol Rl and 10.0 mL of
0.125 M phosphate buffersolution pH 2.0 R.
Testsdution Dissolve 1.00 g of the substance to be
examined in methanol RJ and dilute to 50.0 mL with the
same solvent. To 10.0 mL of 0.125 M phosphate buffer
soltllion pH 2.0 R add 3.0 mL of the solution dropwise whilst
stirring continuously, Centrifugeuntil a clear supernatant is
obtained. Use the clear supernatant as the test solution.
Reference solutitm Dissolve 50.0 mg of methacrylic addRand
50.0 mg of meIhylmethacrylate R in 5 mL of butanol Rand
dilute to 100.0 mL with methanol Rl. Dilute 1.0 mL of the
solution to 100.0 mL with methanol RI. Ivlix 3.0 mL of this
solution and 10.0 mL of 0.125 M phosphate buffer solution
pH2.0R.
Column:
- size: 1= 0.125 m, 0 ::: 4.6 mm;
- stationary phase: end-capped octadecylsi/yl silica gelfor

chromatography R (7 urn).

Mobilephase Mix 20 volumes of methanol Rl and
80 volumes of waterfor chromatography R previously adjusted
to pH 2.0 with phosphon"c acid R.
Flow rate 2.0 mUmin.
Detection Spectrophotometer at 202 run.
Injection 20 ~L.

Retention time Methacryiic acid = about3 mlm methyl
methacrylate = about9 min.
System suirabiHty:
- resolurion: minimum 5.0 between the peaks due to

methacrylic acid and methylmethacrylate in the
chromatogram obtained with the reference solution;

- the chromatogram obtainedwith the blank solution does
not show peaks with the same retention times as
methacrylic acid or methyl methacrylate.

Calculation of percentage ronrents:
- formethacrylic acid and methyl methacrylate, use the

respective concentration of these substances in the
reference solution.

Limits:
- methacrylic acid: maximum 0.03 percent;
- methyl methacrylate: maximum 0.02 per cent.

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 6 h.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 1.000 g in a mixture of 40 mL of waterR and
60 mL of 2-propanol R. Titrate slowly while stirring with
0.5 M sodium hydroxide, using phenolphthalein solution R as
indicator.
I mL of 0.5 M sodium hydroxide is equivalent to 43.05 mg
of C.H.O, (methacrylic acid units).

FUNCTIONALITY-RELATED CHARACfERISTICS
This section provides infonnation on characteristics thorare
recognised as being relevant control parameters for one or more
functions of thesubstance when usedas an excipient (see chapter

2022

5.15). Someof the charaaetistics described in the Functionality­
related churaaeristics section may alsobepresent in the mandatory
part of the monograph since theyalsorepresent mandatory qualiry
criteria: In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functionality-related
characteristics section. Control of thecharacteristics can contribute
to the qualityof a medicinal produa by improving the consistency
of the manufacturing process and theperfolmanu of the medicinal
product during use. Where control methods arecited, theyare
recognised as being suitable for thepurpose) burother methods can
alsobe used. WhemJeT results fora particular characteristic are
reponed, the control method must be indicated.
Thefollowing charactetiuics may be releuant for methacryh'c acid­
meIhyl methacrylate copolymer (1:1) used as gastro-resistant
coating agene.

Viscosity
(see Tests).

Appearance of a film
(see Tests).

Solubility of a film
Take a piece of the film obtained in the test for appearance
of a film (see Tests), place it in a flask containing a 10.3 gIL
solution of hydrochloric acid R and stir; it does not dissolve
within2 h. Take another pieceof thefilm) placeit in a flask
containing phosphate buffer solution pH 6.8 R and stir;
it dissolves within 1 h.
__________________ PhE'"

Methacrylic Acid • Methyl
Methacrylate Copolymer (1:2)
(ph. Bur. monograph 1130)

Action and use
Excipient.

PhE", _

DEFINITION
Copolymer of merhacrylic acidand methyl methacrylate
having a meanrelative molecular massof about 135 000.
The ratio of carboxylic groups to estergroups is about 1:2.

Content
27.6 per cent to 30.7 per cent of methacrylic acidunits
(dried substance).

CHARACfERS
Appearance
Whiteor almost white, free-flowing powder.

Solubility
Practically insoluble in water, freely soluble in anhydrous
ethanol and in 2-propanol, practically insoluble in'ethyl
acetate. It is freely soluble in a 40 gILsolution of sodium
hydroxide.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.1 g of the substance to be examined
in I mL of 2-propanol R and place 2 drops of the solution on
a sodium chloride plate; dry to aUow theformation of a film
and coverwith another sodiumchloride plate.
Comparison methactylic acid - mClhyl methacrylate copolymer
(1:2) CRS.
B. It complies with the limits of the assay.
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Action and use
Opioid receptor agonist; analgesic; treatment of opioid
dependence.

Preparations
Methadone Concentrate for Oral Solution

Methadone Injection

Methadone Oral Solution (I mg per ml)

Methadone Tablets

1095-9!J.5

• Hel

345.9

W
H'C'N~-:::

- H
and enanUomer

CH,

",,0

~

0.5 iWsodium hydroxide, using phenolphthalein solution R as
indicator.

I mL of 0.5 M sodium hydroxide is equivalent to 43.05 mg
of C,H,02 (methacrylic acid units).

FUNCTIONAliTY·RELATED CHARACTERISTICS
This seaion provides infonnation on characteristics that are
recognised as being relevant control parameters for oneor more
/unctions of the substance when usedas an excipient (see chapter
5.15). Some o/the characteristics described in me Functionality­
related characteristics section may also bepresent in the mandatory
pan of the monograph since they also represent mandatory qualigJ
criteria; In such cases) a cross-reference UJ the tests described in the
mandatory part is included in the Functionality-related
characteristics section. Control 0/thecharaaetistics can contribute
to the qualityof a medicinal produa by improving theconsistency
of the manufacturing proms and theperfonnance of the medicinal
product duringuse. Where control methods are cited) theyare
recognised as being suitable for thepurpose) but other methods can
also be used Wherever results for a panicular chamaeriuic are
reported, the control method must be indicated.

Thefollowing characteristics may berelevant for methacrylic acid­
methylmelhacrylate copolymer (1:2) usedas gastro-resistam
coating agent.

Viscosity
(see Tests).

Appearance of a film
(see Tests).

Solubility of a film
Take a piece of the film obtained in the test for appearance
of a film (see Tests), place it in a flask containing a 10.3 gIL
solution of hydrrxhlo~acid R and stir; it does not dissolve
within 2 h. Take another piece of the film, place it in a flask
containing phosphate buffer solution pH 6.8 R and stir;
it does not dissolve wilhin 2 h. Take another piece of the
film, place it in a flask containing 0.2 M phosphate buffer
solution pH 7.5 R and stir; it dissolves within I h.

Methadone Hydrochloride
(ph. Bur. monograph 0408)

TESTS
Viscosity (2.2.1U)
50 ml'a-s to 200 ml'a.s.

Dissolve a quantity of the substance to be examined
corresponding to 37.5 g of the dried substance in a mixture
of 7.9 g of waterRand 254.6 g of 2-propanol R. Determine
the viscosity using a rotating viscometer at 20 °C and at a
shear rate of 10 s-1.

Appearance of a film
Place I mL of the solution prepared in the test for viscosity
on a glass plate and allow to dry. A clear, brittle film is
fanned.

Methyl methacrylate and methacrylic acid
Liquid chromatography (2.2.29).

Blank solution Mix 3.0 rnL of methanol Rl and 10.0 rnL of
0.125 M phosphate buffersolution pH 2.0 R.
Test solution Dissolve 1.00 g of the substance to he
examined in methanol Rl and dilute to 50.0 mL with the
same solvent. To 10.0 rnL of 0.125 M phosphate buffer
solution pH 2.0 R add 3.0 rnL of the solution dropwise whilst
stirring continuously. Centrifuge until a clear supernatant is
obtained. Use the clear supernatant as the test solution.

Reference tdtaion Dissolve 50.0 mg of methactylic acid Rand
50.0 mg of methylmelhacrylate R in 5 rnL of butanol Rand
dilute to 100.0 rnL with methanol Rl. Dilute 1.0 rnL of the
solution to 100.0 rnL with methanol Rl. Ivlix 3.0 mL of this
solution and 10.0 mL of 0.125 M phosphate buffer solu,ion
pH2.0R.
Column:
- size: 1= 0.125 m, 0 ;;;: 4.6 mrn;
- stationary phase: end-capped octadecylsilJll silica gelfor

chromatography R (7 J1II1).

Mobilephase Mix 20 volumes of methanol Rl and
80 volumes of waterfor chromatography R previously adjusted
to pH 2.0 with phosphoric acid R.
Flow rate 2.0 mUmin.

Detection Spectrophotometer at 202 nm.

Injection 20~.

Retention time Methacrylic acid = about 3 min; methyl
methacrylate == about 9 min.

System suitability:
- resolution: minimwn 5.0 between the peaks due to

methacrylic acid and methyl methacrylate in the
chromatogram obtained with me reference solution;

- the chromatogram obtained with the blank solution does
not show peaks with the same retention times as
methacrylic acid or methyl methacrylate.

Calculation of percentage contents:
- for methacrylic acid and methyl methacrylate, use the

respective concentration of these substances in the
reference solution.

Limits:
- methacrylie acid: maximum 0.03 per cent;
- methylmethacrylate: maximum 0.02 per cent.

Loss on drying (2.2.32)
Maximwn 5.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 6 h.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 1.000 g in a mixture of 40 rnL of waterRand
60 rnL of 2-propanol R. Titrate slowly while stirring with
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Temperature:

A. (2RS)-4-imino-N,N,2-trimethyl-3,3-diphenylhexan-l­
amine (isomethadone ketimine),

W
:~:CYCH3CH3

~ 1/ and enanliomar

r '" NH

Detection Flame ionisation.
Inje<tion 2 ~L.

Run time 1.5 times me retention time of methadone.

Relative retention With reference to methadone (retention
time =about 25 min): impurity E =about 0.44;
impurity C = about 0.81; impurity B = about 0.89;
impurity D =about 0.98; impurity A =about 1.14;
imipramine = about 1.19; cyclobenzaprine :;;; about 1.24.
Systemsuitability Reference solution (b):
- resolution: minimum 3.0 betweenthe peaks due to

imipramine and cyclobenzaprine.
Limits:
- impurities A} B, C, D, E: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- unspecified ~'mpurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 05 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 DC.

Sulfated ash (2.4.1 <f)
Maximum 0.1 percent) determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 5 rnL of 0.01 M hydrochlori<
acidand 50 rnL of anhydrous ethanol R. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion. Carry out a blank titration.
I mL of 0.1 M sodium hydroxide is equivalent to 34.59 mg
of C21H,.CINO.

STORAGE
Protected from light.

IMPURITIES
Specified impuniies A, B, C, D, E.

DEFINITION
(6RS)-6-(Dimethylamino)-4.4-diphenylheptan-3-one
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solublllty
Soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: A, C, D.
Second identification: A, B, D.

A. Opticalrotation (see Tests).
B. Melting point (2.2.1<f): 233 "C to 236 "C.

C. Infrared absorption spectrophotometry (2.2.2<f).

Comparison Ph. Bur. reference spearum of methadone
hydrochloride.
D. Dilute 1 mL of solution S (see Tests) to 5 mL with
water R and add 1 mL of diJure ammonia Rl. Mix, allow to
stand for 5 min and filter. The filtrate givesreaction (a) of
chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Acidity or alkalinity
Dilute 10 mL of solution S to 25 rnL with carbon dioxide-free
water R. To 10 rnL of the solution add 0.2 rnL of methylred
solution Rand 0.2 mL of 0.01 M sodium hydroxide.
The solution is yellow. Add 0.4 rnL of 0.01 M hydrochloric
acid. The solution is red.

Optical rotation (2.2.7)
-{).05° to + 0.05°, determined On solutionS in a 2 dm tube.

Related substances
Gas chromatography (2.2.28).

Test solution Dissolve 0.100 g of the substance to be
examined in methanol R anddilute to 10.0 mL with the same
solvent.
Reference solution (a) Dilute 1.0 rnL of the test solution to
10.0 rnL with methanol R. Dilute 1.0 mL of this solution to
100.0 rnL with me/hanoI R.

Reference so/mwn (b) Dissolve 5 mg of imipramine
hydrochloride CRS and 5 mg of cyclobenzapn'ne
hydrochloride CRS in 100.0 rnL of methanol R.

Column:
- material: fused silica;
- size: 1= 50 m, 0 = 0.32 mm;
- stationary phase: phenyl(5)methy/(95)polysiloxane R (film

thickness 1.05 urn).

Carrier gas helium for chromaUJgraphy R.
Flow rate 1.2 mUmin.

Injection liner Packed with deactivated glass wool to wipe
the needle.
Split ratio 1:100.

Column

Injectionport

Detector

Time
(min)

0-4

4 - 35

Temperature
('C)

150 .... 250

250

200

250
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the principal peak in the chromatogram obtainedwith
reference gas (b).

TESTS
NItrogen
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.
Reference gas Mixture containing 500 ppm VIV of
nitrogen Rl in methane Rl.

Column:
- material: stainless steel:
- size: 1= 2 m, 0 = 2 rnm;
- stationary phase: molecular sieveforchromatography R

(0.5 nm).

Cartier gas helium for chromatography R.
F/ow rate 30 mUmin.

Temperature:
- column: 80 "C;
- detector: 150°C.

Detection Thermalconductivity,
Injection 1 mL.

Relativeretention Withreference to methane (retention
time = about 3 min): nitrogen = about 0.7.
Systemsu!'tab,1ity Reference gas:
- resolution: minimum 1.5 betweenthe peaks due to

nitrogen and methane.
Calculation of percentage content:
- use the concentration of nitrogen in the reference gas.
Limit:
- maximum 500 ppm VIV.

CZ-C4 Hydrocarbons
Gas chromatography (2.2.28).

Gas cobe examined The substance to be examined,
Reference gas Use the following mixture of gases in
methane R: ethane R (impurity C) (100 ppm VIV), propane R
(impurity D) (100 ppm VfII), i-btuane R (impurity E)
(100 ppm VIV) and n-buume R (impurity F) (100 ppm VIV).
Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0,53 mm;
- stationary phase: deaaitxued aluminium oxide for

chromatography R.
Carriergas heliumfor chromatography R.

Flow rate 113 mUmin.

Split ratio 1:1O.

Temperature:
74-82-8

andenantiomer

H3C'N ....CH3

O
~· ··CH,- H

CN

¥ ""
~

(Ph. Bur. monograph 2413)

CH, 16.04

Methane

C. (3RS)-4-(dimethylamino)-3-methyl-2,2­
diphenylbutanenitrile (isodidiavalo),

E. diphenylacetonitrile.

D. (5RS)-6-(dimethyJamino)-5-methyl-4,4-diphenyIhexan-3­
one (iaomethadone), .

_____________________ PbE"

B. (4RS)-4-(dimethylamino)-2,2-diphenylpentanenitrile
(didiavalo),

DEFINITION
Content
Minimum 99.5 pet cent VIV of Crr...

This monograph applies to methane obtained from natural
gas and intendedfor medicinal use.

CHARACTERS
Appearance
Colourless gas, flammable in air.

Solubility
At 20°C and at a pressure of 101 kPa, 1 volume dissolves in
about 27 volumes of water.

IDENTIFICATION
Examine the chromatograms obtained in the assay.
Results The principal peakin the chromatogram obtained
with the gas to be examined is similar in retention time to·

Time Temperature
(mIn) ("e)

Column e . I 30

1·3.4 30 -0 150
3.4 - 4.5 ISO

Detector 300

Detection Flame ionisation. Use appropriate fuel gases:
hydrocarbon-free air R and hydrogen for chromatography R.
Injection 0.1 mL.

Relativeretention With reference to methane (retention
time =about 1.2 min): impurity C =about 1.2;
impurity D =about 1.8; impurity E =about 2.5;
impurity F = about 2.6.
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**** ** ** ****
Methane Intermix (2 per cent) in
Nitrogen
(Ph. Eur. monograph 2905)
!'hE,; _

DEFINITION
A mixture containing 2 per cent VIV of Memane (2413) in
Low-oxygen nirrogen (1685).

Content
1.9 per cent VIV to 2.1 per cent VIV of methane (CH4) in
nitrogen (N,).

This monograph applies to methane intermix (2 per cent) in
nitrogen used in the preparation of lung function test gas
mixtures for medicinal use.

CHARACTERS
Appearance
Colourless gas.

IDENTIFICATION
A. It complieswith the limits of the assay.
B. Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.
Reference gas Nirrogen RI.
Column:

- marerial: stainless steel;
- size: I;;;; z m, 0;;;; 2 mm;
- stationary phase: mokcular sieve for chromarography R

(0.5 nm).

Carrier gas helium for chromatography R.

FIaro rate 20 mUmin.
Temperature:

- column: 80 DC;
- detector. 130 'C.

Detection Thennal conductivity.
Injection 10 ur,
Retention time Nitrogen= about 2 min.
Results The principal peakin me chromatogram obtained
with the gas to be examined is similar in retention time to
the principal peak in the chromatogram obtained with the
reference gas.

Systemsuitability Reference gas:
- resolution: minimum 1.5 between the peaks due to

methane and impurity C; minimum 1.5 between the
peaks due to impurity E and impurity F.

Calculation of percentage contents:
- for each of the impurities C, D, E and F, use the

corresponding concentration in the reference gas.
Limit:
- total (sum of impurities C, D, E and F): maximwn

100 ppm VIV.

Water (2.5.28)
Maximum 10.0 ppm VIV.

ASSAY
Gas chromatography (2.2.28).

Gas w be examined The substance to be examined.
Reference gas (a) Methane RI.
Reference gas (b) Mixture containing I per cent VIV of
nitrogen Rt in methane RI.

Column:
- material: stainless steel;
- size: ,;;;; 2 m, 0 ;;;; 2 mm,
- stationary phase: moJecuJar sievefor chromatography R

(0.5 run).

Carrier gas helium for chromatography R.
FIaro rate 30 mUmin.
Temperature:
- column: 80 DCi
- detector. 150 'C.
Detection Thermalconductivity.
Injection 10 ~.

Relative retention With reference to methane (retention
time > about 3 min): nitrogen > about 0.7.
System suirabiJity Reference gas (b):
- resolution: minimum 1.5 between the peaks due to

nitrogen and methane.
Calculate the percentage content of CH4, using the
chromatogram obtained with reference gas (a).

STORAGE
As a compressed gas, in appropriate containers complying
with the legal regulations.

IMPURITIES
Specified impurities A, B, C, D, E, F.
A. N 2: nitrogen,
B. H 20: water,

C. ethane,

E. 2-methylpropane (i-butane),

D. propane,

F. butane (n-butane).

TESTS
Water (2.5.28)
Maximum 10 ppm VIV.

ASSAY
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.
Reference gas Mixture containing 2.0 per cent VIVof
methane Rl in nitrogen RI.
Column:
- maunal: stainless steel;
- size: 1= 2 m, 0 = 2 mm;
- stationary phase: 3 per cent squalane R on alumina.
Carrier gas helium for chromatography R.
Flow rate 20 mUmin.
Tempenuure:
- cohmm: 100°C;
- detector. 250 'C.

Detection Flame ionisation.
Injection 100 ~L.

____________________ PhEII' Retention time Methane = about05 min.
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Test solution (b) Dilute 1.0 mL of 4-methylpentan-2-01 R to
50.0 mL with test solution (a). Dilute 5.0 mL of this solution
to 100.0 mL with test solution (a).

Reference solution (a) To 50 ~L of anhydrous ethanol R add
50 ~L of acetone R and dilute to 50.0 mL with test
solution (a). Dilute 100 ~L of this solution to 10.0 mL with
test solution (a).

Reference solution (b) Dilute 100 ~L of benzene R to
100.0 mL with test solution (a). Dilute 0.20 mL to
100.0 mL with test solution (a).

Column:
- malerial: fused silica,
- size: / = 30 m, «2) = 0.32 mm,
- stationary phase: cyanopropyl(3)phenyl(3)methyl(94)

poIysiloxane R (film thickness 1.8 urn),

Cartier gas heliumfor chromatography R.

Linearvelocity 35 cm/s.

Sp/i'ratio 1:20.
Temperature:

Calculate the percentage content of CHl .

STORAGE
As a compressed gas, in appropriate high-pressure cylinders
complying with the legal regulations.

LABELLING
The label states the nominal content, in per cent VIY, of
methane in nitrogen.

IMPURITIES
Specified impurilies A.

H"O"H

A. water.
___________________ PhE"

Methanol
Methyl Alcohol

(Ph. Bur. monograph 1989)
Time
(mln)

Temperature
CC)
40

40 ---> 240

240

200

2SO

O· 12
12- 32

32 - 42

Injection pon

Detector

Column

67-56-132.04CH,O
PhEu _

DEFINITION
Methyl alcohol.

CHARACTERS
Appearance
Clear, colourless, volatile,hygroscopic liquid.

Solubility
Miscible with waterand with methylenechloride.

bp
About 64 °C.

It is flammable.

IDENTIFICATION
A. Refractive index (2.2.6): 1.328 to 1.330.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum 0/methanol.

TESTS
Appearance
It is clear (2.2.1) and colourless (2.2.2, Method11).

Acidity or alkalinity
To 25 mL add 25 mL of waterRand 0.25 mL of
phenolphthalein solution R1. The solution is colourless.
Not more than 0.9 mL of 0.01 M sodium hydroxide is
requiredto change the colour of the indicatorto pink.

Relative density (2.2.5)
0.791 [00.793.

Absorbance (2.2.25)
Maximum 0.15 at 230 run, maximum 0.05 at 250 run,
maximum 0.02 at 270 run and maximum 0.01 at 290 run.
Examine between 230 om and 290 runusing waterR as the
compensationliquid. The absorptioncurve is smooth.

Impurity A
Gas chromatography (2.2.28).

Test solution (aJ The substance to be examined.

Detection Flame ionisation.

Injection I ~L
Systemsuitability Referencesolution (a):
- resolution: minimum 4.0 between the peaks due to

impurity B (I" peak) and impurity C (2nd peak).

Limit:
- impurity A: maximum 2 ppm VIV.

Calculate the content of impurity A in partsper million VIV
using the following expression:

2xA,
A2-A,

AI areaof the peakdue to impurity A in me chromatogram
obtained with test solution(a),

A2 area of the peak due to impurity A in the chromatogram
obtainedwith referencesolution(b).

If necessary, the identity of impurity A can be confirmed
using another suitable chromatographic system (stationary
phase with a differentpolarity).

Related substances
Gas chromatography (2.2.28) as described in the test for
impurity A.

Limits:
- any impurity: for each impurity, not more than the area of

the peak due to 4-melhylpentan-2-o1 in the chromatogram
obtained with test solution (b) (0.1 per cent),

- total: not more than 3 times the area of the peak due to
4-methylpentan-2-o1 in the chromatogram obtained with
test solution (b) (0.3 per cent),

- disregard limit: 0.05 times the area of the peak due to
4-melhylpentan-2-ol in the chromatogram obtained with
test solution (b) (50 ppm).

Reducing substances
To 20 mL add 0.1 mL of 0.02 M potassium pennanganate.
The pink colour is not completely discharged within 5 min.
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A. benzene,

IDENTIFICATION
First identification: A.
Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methenamine CRS.

B. To I mL of solution S (see Tests) add I mL of '"Ifuri<
acid R and immediately heat (0 boiling. AUow to cool.
To I mL of the solutionadd 4 mL of waterRand 5 mL of
acetylacewne reagent RI. Heat on a water-bath for 5 min.
An intense yellow colour develops.
C. To I mL of solution S add I mL of duutesulfuric acid R
and immediately heat to boiling. The solution gives the
reaction of ammonium salts and salts of vola we bases (2.3.1).
D. Dissolve 10 mg in 5 mL of waterR and acidify with dilute
hydrochloric add R. Add I mL of potassium iodobismuthate
solution R. Anorange precipitate is formed immediately.

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distilled water R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2,1) and colourless (2.2.2, MethodIf).

Acidity or alkal1n1ty
To 5 mL of solution S add 0.1 mL of phenolphthalein
solution R. No. more than 0.2 mL of 0.1 M hydrochloric acid
or 0.1 kI sodium hydroxide is required to change the colour of
the indicator.

Free formaldehyde
Maximum 50 ppm.

Dissolve 0.8 g in water R and dilute to 8 mL with the same
solvent. Add 2 mL of ammoniacal silver tlItrart solution R.
After 5 min, any grey colour In the solution is not more
intense than that in a standard prepared at the same time
and in the samemanner with a mixture of 8 mL of fresWy
preparedfarmaldehyde standard solution (5 ppm CH20) Rand
2 mL of ammoniacal silver nitrate solution R.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S.o IS mL with waterR.

Sultares (2.4.13)
Maximwn 100 ppm, determined on solution S.

Ammonium (2.4.1)
Maximum 50 ppm.

Dilute 2 mL of freshly prepared solution S '0 13 mL with
waterR. Add 2 mL of dilute sodium hydroxide solution R.

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
a desiccator.

ASSAY
Dissolve 0.100 g in 30 mL of methanol R. Titrate with O. I M
perchWric acid, determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchWric add is equivalent to 14.02 mg
ofC.H12N, .

STORAGE
Protected from Iight.
____________________ PhE"

100-97-0

(Ph. Eur. monograph 1545)

CJI12N, 140.2

Action and use
Anti-infective.

DEFINITION
1,3,5,7-T etraazotricyclo[3.3.1.I,,7jdecane.

Content
99.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white,crystalline powder or colourless
crystals.

Solubility
Freelysoluble In water, soluble in ethanol (96 per cent) and
in methylene chloride.

___________________ PhE"

C. propanone (acetone).

B. ethanol,

Methenamine

o

Residue on evaporation
Maximum 10 ppm.

Evaporate 100 g to dryness on a waterbach and dry in an
oven at 100-105 °C. The residue weighs a maximum of
I mg.

Wa.er (2.5.12)
Maximwn 0.10 per cent, determined on 10.0 g.

STORAGE
In an airtight container.

IMPURITIES
Specified impu,;,ies A.
Otherdetectable impun"ties (thefollowing subscanas would, I]
present at a suffidetll level) be detected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to idcmify these impurities for
demonstration of compliance. Seealso 5.10. Control of impurities
in substances for phannaceutica/ use) B, C.
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DEFINITION
(2S)-2-Amino-4-(methylsulfanyl)bulllIloic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powderor colourless
crystals.

Solubility
Soluble in water, veryslightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First idemlficodon: A, B.
Secondidennfication: A, C, D.

A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison: methionine CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in dilutehydrochlori< acidR and dilute to 50 mL
with the same acid.
Reference solution Dissolve 10 mg of methionine CRS in dilute
hydrochloric acid R and dilute to 50 mL with the same acid.

Plate TLC mica gelplate R.
MoM. phase glacial acetic acid R, waterR, butanolR
(20:20:60 VIVW).

Applicalion 5 ~L.

Development Over 213 of the plate.

Drying In air.
Detection Spray withm"nhydrin solution R and heat at 105°C
for 15 min.
Results The principal spot in the chromatogram obtained
whh the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtainedwith the
reference solution.
D. Dissolve 0.1 g of the substanceto be examinedand 0.1 g
ofglycine R in 4.5 mL of dilutesodium hydroxide solution R.
Add 1 mL of a 25 WI. solution of sodium nitroprusside R.
Heat to 40°C for IO min. Allow to cool and add 2 mL of a
mixture of 1 volume of phospho";'; acidRand 9 volumes of
hydrochloric acidR. A dark red colour develops.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-/ree water R and dilute to

100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodIf).

Time MobUe phase A MobUe phase B
(min) (per cent IIf1.1) (per cent PM
0-. 100 0
6·50 100 ---> 0 0---> 100
50~ 60 0 100

pH (2.2.3)
5.5 to 6.5 for solution S.

Specific optical rotation (2.2.7)
+ 22.5 to + 24.0 (dried substance).

Dissolve 1.00 g in hydrochlori< acidRl and dilute to 50.0 mL
with the same acid.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.30 g of the substance to be
examined in mobile phaseA and dilute to 10.0 mL with
mobile phase A.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobilephaseA.
Reference solutwn (b) Dissolve 5 mg of me substance to be
examined and 10 rng of L-methionine sulfoxide R (impurity A)
in mobile phase A and dilute to 10.0 mL withmobile
phase A.
Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: end-capped occadecylsilyl <ilia> gelfor

chromatQgraPhy R (5 urn);
- temperature; 30°C.
Mobile phase:
- mobile phase A: acetonitrile Rl, 23 gIL solution of

phosphoric acid R, waterfor chromatQgraphy R
(0.5: 12.5:87 VIVIV);

- mobile phase B: 23 WI. solution of phosphoric acid R, water
for chromatQgraphy R, acetQnitriJe Rl (12.5:40:47.5 VIVIV);

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 205 nm.
Injection 50 IlL.
Relative retention Withreference to methionine (retention
time = about 6 min): impurity A = about 0.5.
System suitability Reference solution (b);
- resolution: minimum 5.0 betweenthe peaksdue to

impurity A and methionine.
Cakulation ofpercentage contents:
- for each impurity, use the concentration of methionine in

reference solution (a).
Limits:
- unspeafied impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Chlorides
Maximum 200 ppm.

Dissolve 0.5 g of the substance to be examined in. 5 mL of
dilute nitric acidR and dilute to 10 mL with the same acid.
Add 10 mL of strong hydrogen peroxide solution Rand heat on
a water bath for 30 min. Cool and dilute to 50 mL with
waterR. Add I mL of silvernitrate solution R2 and mix. AUow
to stand protected from lightfor 5 min. Any opalescence in
the solution is not more intense thanthat in a standard
prepared at the same time and in the same manner using

63-68-3149.2

(Ph. Eur. monograph 1027)

C,HIlNO,S

Action and use
Amino acid.

Methionine
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59-5/-8

andepimer al C·

andenanuomer

149.2

Action and use
Used in treatment of paracetamol overdose.

DEFINITION
DL-lvLethionine containsnot less than99.0 per cent and not
more than the equivalent of 101.0 per cent of (2RS)-2­
amino-4-(methylsulfanyl)butanoic acid, calculated with
reference to the driedsubstance.

l'llEw _

CHARACIERS
Almostwhite, crystalline powder or small flakes, sparingly
solublein water, veryslightly soluble in alcohol. It dissolves
indiluteacids and in dilute solutionsof the alkali hydroxides.
It melts at about 270 °C (instantaneous method).

IDENTIFICATION
First identification: AJ G.
Second identification: BJ GJ D.
A. Examine by infrared absorption spectrophotometry
(2.2.2</), comparing with the spectrum obtained with
Dt-methionine GRS. Dry the substances at 105 °C.
B. Examine the chromatograms obtained in the test for
related substances. The principal spot in the chromatogram
obtained with test solution (b) is similar in position, colour
and size to the principal spot in the chromatogram obtained
withreference solution (a).
C. Dissolve 2.50 gin/ M hydrochloric acid and dilute 10

50.0 mL with the same acid. The angle of opticalrotation
(2.2.7) is -0.05' to + 0.05'.

D. Dissolve 0.1 g of the substance to be examinedand 0.1 g
of glycine R in 4.5 mL of dilute sodium hydroxide solution R.
Add 1 mL of a 25 gIL solution of sodium nitroprusside R.
Heal 10 40 "C for 10 min. Allow to cool and add 2 mL of a

(Ph. Bur. monograph 0624)

D. (2R)-2-[[(2RS)-2-(acetylamino)-4­
(methyISulfanyl)butanoyl]amino]-4-(methylsulfanyl)
butanoic acid,

E. (2S)-2-[[(2RS)-2-(acetylamino)-4­
(methylsulfanyl)butanoyl]amino]-4-(methylsulfanyl)
butanoic acid.

____________________ PfJEw

DL-Methionine

andepimer al S

andenanllomer

2 mL of chloride standard solution (50 ppm Clj R. Examine the
tubes laterally against a blackbackground.

Sulfates (2.4.11)
Maximum 300 ppm.

Dissolve 0.5 g in 3 mL of dilute hydrochloric acid R and dilute
to 15 mL with distilled waterR.

Ammonium (2.4.1, Methad B)
Maximum 200 ppm, determined on 0.10 g.
Prepare the standard using 0.2 mLof ammonium standard
sduuon (100 ppm NH,J R.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 g in 10 mL of dilute
hydrochloric acid R. Shake with 3 quantities, each of 10 mL,
of methyl isobutyl ketone R/, shaking for 3 min each time.
To the combined upper layers, add 10 mL of warer Rand
shake for3 min. Use the lower layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4./</)
lvlaximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.125 gin 5 mL of anhydrous formic acid R.
Add 30 mL of anhydrous aeetk acidR. Titrate with 0.1 M
perchlorit acid, determining the end-point potentiometrically
(2.2.2tJ).

I mL of 0./ M perchloric acidis equivalent 10 14.92 mg of
C,HuNO,S.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable imptmties (the following substances would, if
present at a sufficient leuel, be detected by one orotherof the tests

in the monograph. They an! limited by the general acceptance
cntetion for otherhmspecified impuniies and/or by thegeneral
monograph Substances for pharmaceutical use (2034). 1t is
therefore not necessary to identify these impurities for
demonstration of romp/lance. See also 5.10. Control of impuniies
in substances for phannaceutical use) AJ BJ CJ DJ E.

A. (2S)-2-antino-4-[(RS)-methylsul/inyl]butanoic acid (L­
methionine sulfoxide),

C. (2RS)-2-(acetylamino)-4-(methylsulfanyl)butanoic acid,

B. (2S)-2-amino-4-(methylsulfonyl)butanoic acid,
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DEFINITION
(2S)-2-[[4-[[(2,4-Diaminopteridin-6-yl)methyl)methylamino)
benzoyl]amino]pentanedioic acid.

Content
97.0 per cent to 102.0 pet cent (arthydrous substance).

CHARACTERS
Appearance
Yellow or orange, crystalline, hygroscopic powder.

Soluhility
Practically insoluble in water, in ethanol (96 per cent) and in
methylenechloride. It dissolves in dilute mineral acids and in
dilute solutionsof alkali hydroxides andcarbonates.

IDENTIFICATION
Infrared absorption speetrophotometty (2.2.24).

Comparison methotrexate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 40.0 mg of the substance to be
examined in a mixture of 0.5 mL of d11ute ammonia RJ and
5 mL of mobile phase A and dilute 10 100.0 mL with mobile
phase A.
Test solution (b) Dissolve25.0 mg of the substance to be
examined in a mixture of 0.5 mL of dilute ammonia RJ and
5 mL of mobile phase A and dilute to 50.0 mL with mobile
phase A. Dilute 5.0 mL of this solution to 50.0 mL with
mobile phase A.
Reference solution (a) Dissolve 25.0 mg of methotrexate CRS
in a mixture of 0.5 mL of dilute ammonia RJ and 5 mL of
mobile phase A and dilute to 50.0 mL with mobile phase A.
Dilute 5.0 mL of this solution to 50.0 mL with mobile
phase A.

Reference solution (b) Dilute 5.0 mL of test solution (a) to
100.0 mL with mobile phase A. Dilute 5.0 mL of this
solution to 50.0 mL with mobile phase A.

Reference solution (c) Dilute 5.0 mL of reference solution (b)
to 25.0 mL with mobile phase A.

Reference solution (d) Dissolve 5 mg of the substance to be
examined, 5 mg of 4-aminofolic acid R (impurity B), 5 mg of
methotrexate impuniy C CRS, 5 mg of methotrexate
impurity D CRS and 5 mg of methotrexate impurity E CRS in a

mixture of 1 volume of phosphoric acid Rand 9 volumes of
hydrochloric acidR. A deep-redcolour develops.

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to

50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Me/hod11).

pH (2.2.3)
The pH of solution S is 5.4 to 6.1.

Related substances
Examine by thin-Iayet chromatography (2.2.27), using silica
gel GRas the coatingsubstance.
Test solution (a) Dissolve 0.2 g in waterRand dilute to
10 mL with the same solvent.
Test solllt;on (b) Dilute I rnL of test solution (a) to 50 mL
with waterR.
Reference solution (a) Dissolve 20 mg of nu-mahionine CRS
in waterR and dilute to 50 mL with the same solvent.
Reference solution (b) Dilute I mL of reference solution (a)
to 10 mL with water R.
Apply separately to the plate 5 J.II... of each solution. Develop
over a path of 10 em using a mixture of 20 volumes ofglacial
acetic acid R, 20 volumes of waterRand 60 volumes of
butanol R. Allow the plate to dry in airand spray with
ninhydrin solution R. Heat the plate at 100°C to 105 °C for
15 min. Any spot in the chromatogram obtainedwith test
solution (a), apart from the principal spot, is not more
intense than the spot inthe chromatogram obtainedwith
reference solution (b) (0.2 per cent).

Chlorides
Dissolve 0.25 g in 35 mL of waterR. Add 5 mL of dilute
nitric add R and 10 mL of silvernitrate solution R2. Allow to
stand protected from light for 5 min. Any opalescencein the
solution is not more intense than that in a standard prepared
at the same time in the same manner using a mixture of
10 mL of chloride standard solution (5 ppm CI) Rand 25 mL
of waterR (200 ppm). Examine the tubes laterally against a
black background.

Sulfates (2.4.13)
Dissolve 1.0 g in 20 rnL of distilkdwaterR, heatingto 60°C.
Cool to 10 "C and filter. 15 mL of the solution complies
with the limit test for sulfates (200 ppm).

Loss on drying (2.2.32)
Not more than0.5 per cent, determined on 1.000 g by
drying in an oven at 105 "C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.140 g in 3 mL of anhydrous/ormic acidR.
Add 30 mL of anhydrous acetic acid R. Immediately after
dissolution, titrate with O. J M perchloric add, determining the
end-point potentiometrically (2.2.20).

I mL of 0.1 M perch/oric acid is equivalent to 14.92 mg of
C,HuNO,S.

STORAGE
Store protected from light.
____________________ PhE<I

Methotrexate
(Ph. Bur. monograph 0560)

NH, ~~XO'H
NAvN~~AJ lC~H

A ..~) CH,
H,N N N

454.4

Action and use
Dihydrofolate reductase inhibitor; cytostatic.

Preparations
Methotrexate Injection
Methotrexate Oral Solution
Methotrexate Tablets

**** ** ** ****

59-05-2
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11-266 Methotrexate

mixture of 0.5 mL of dilute ammonia Rl and 5 mL of mobile
phase A and dilute to 100 mL with mobile phase A.

Reference solutio" (e) Dissolve 8 mg of methotrexate forpeak
identification CRS (containing impurities H and I) in a
mixture of 0.1 mL of dilute ammonia RJ and 1 mL of mobile
phase A and dilute to 20 mL with mobile phase A.
Go/umn:
- size: I = 0.25 m, 0 = 4.0 mm,
- stationary phase: spherical end-<apped oetad«.ylsilyl silica gel

for chromatagraphy R (5 urn),

Mobile phase:
- mobile phase A: mix 5 volumesof acetonitrile for

chromatography R and 95 volumes of a 3.4 gIL solution of
anhydrous sodium dihydrogen phosphate R previously
adjusted to pH 6.0 with a 42 gIL solution of sodium
hydroxide R;

- mobile phaseB: mix 50 volumes of autonitn1e for
chromatography Rand 50 volumes of a 3.4 gIL solution of
anhydrous sodium dihydrogen phasphate R previously
adjusted to pH 6.0 with a 42 gIL solution of sodium
hydroxide R;

Time Mobile phase A MobUe phase B
(min) (per cent VIJI) (per cent VIP)

0-10 100 0

10 - 20 100 ---* 95 o~ 5

20·28 95 -> 50 5 -+ 50

28·37 50 50

Flow rate 1.5 mlJmin.

Deuaion Spectrophotometer at 280 nm,

lnjurion 20 J,JL of test solution (a) and reference
solutions (b), (c), (d) and (e).

ldenlificalion of impurities Use the chromatogram supplied
with methotrexate forpeak identificalion GRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities H and I; use the chromatogram
obtainedwith reference solution (d) to identify the peaks due
to impurities B, C and E.
Relative retention Wil:h reference to methotrexate (retention
time ~ about 18 min): impurity B ~ about 0.3;
impurity C =about 0.4; impurity D =about 0.9;
impurity E =about 1.4; impurity I =about 1.5;
impurity H ~ about 1.6.

Sysrem suitability:
- resolution: minimum 2.0 betweenthe peaks due to

impurities B and C and minimum I"5 between thepeaks
due to impurity D and methotrexate, in the
chromatogram obtained with reference solution (d);
minimum 1.5 between the peaksdue to impurities I
and H in the chromatogram obtained with reference
solution (e); if the resolution betweenimpurity D and
methotrexate does not comply, increase the flow rate to
meet the requirement.

Limits:
- correction [actors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor; impurity E = 0.8;
impurity I ~ 1.4;

- impuniyC: not more than the area of theprincipal peak
in the chromatogram obtainedwith reference solution (b)
(0.5 per cent);

- impurities B, E: for each impurity, not morethan
0.6 times the area of the principal peak in the

2022

chromatogram obtained with reference solution (b)
(0.3 per cent);

- impurities H, I: for each impurity, not more than twice the
area of the principal peakin me chromatogram obtained
with reference solution (c) (0.2 percent);

- unspecified impuriues: for eachimpurity, not more man
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 per cent);

- sum oj impurities other thanB, C and E: not more man the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.5 percent);

- disregard limit: 0.3 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.03 per cent).

Enantiomeric purity
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in the mobilephaseand dilute to 100.0 mL with
the mobilephase.
Reference sduuon (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 4.0 mg of methotrexate for
system suitabaity GRS (containing impurity F) in the mobile
phase and dilute to 20.0 mL with the mobile phase.
Column:
- size: I = 0.15 m, 0 = 4.0 rom;
- stationary phase: bovine albumin R bound to silica gelfor

chromatography R (7 ~) with a pore size of 30 urn.

Mobile phase Add 500 mL of a 7.1 gIL solution of
anhydrous disodium hydrogen phasphau R to 600 mL of a
6.9 gIL solution of sodium dihydrogen phosphate
monohydrate R, mix, and adjust to pH 6.9 withdilute sodium
hydroxide solulion R; to 920 mL of this mixture add 80 mL of
propanol R.
Flow rate 1.5 mlJmin.

Detection Spectrophotometer at 302 om.
Inj«n... 20 ~L

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity F.

Relau"ve retention With reference to methotrexate (retention
time=about4 min): impurity F =about 1.6.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

methotrexate and impurity F.
Limit:
- impun"ty F: not more than 3 times the area of the principal

peak in the chromatogram obtained with reference
solution (a) (3.0 per cent).

Water (2.5.12)
Maximum 13.0 per cent, determined on 0.10 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances withthe following modification.
Injection Test solution (b) and reference solution (a)"
Calculate thepercentage content of C:!oH22NSOS taking into
account the assigned contentof methotrexate CRS.

STORAGE
In an airtight container, protected from light.
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IMPURlTIES
Specified impurities B~ C, E, F, H, 1.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Subsumces for pharmaceutical use (2014). It is
therefore notnecessary to idenuJY these impurities for
demonstration of compliance. Seealso5.10. Control of impurities
in subsumce: forpharmaceutical use) A, D, G,J, K, L

A. (2,4-diaminopteridin-6-yl)methanol,

d
o ~co,H

NH2 '.N

lN~N~~' H C~H
AJl J

HzN N N

B. (2S)-2-[[4-[[(2,4-diaminopteridin-6-yl)methyl)
amino]benzoyl]amino]pemanedioic acid (4-aminofolic
acid, aminopterin),

C. (2S)-2-[[4-[[(2-amino-4-oxo-l,4-dihydropteridin-6­
yl)methyl)methylamino)benzoyl)amino)pentanedioic acid
(N-methylfolic acid, methopterin),

~C02H

o AJ
HNX)(JbH'~

a H

D.4-[[(2-amino-4-oxo-l,4-dibydrop,eridin-6-yl)
methyl)methylamino]benzoic acid (NIO-methylpteroic
acid),

E. 4-[[(2,4-diaminopteridin-6-yl)methyl]
methylammojbenzoic acid (4-amino-N10-methylpteroic

acid,APA),

F. (2R)-2-[[4-[[(2,4-diaminopteridin-6-yl)methyl]
methylamino]benzoyl]amino]pemanedioic acid «R)­
methotrexate),

Methotrexate 11-267

o

N;:Ny"~d2N'CH3 CO,H
A~ J CH I)HN N N 3 ,

2 H..

o ~ CO,H
G. (2S)-2-[[4-[[4-[[(2,4-diaminopteridin-6-yl)

methyl)methylamino]benzoyl)methylamino]benzoyl]
aminojpentanedioic acid)

H. (2S)-2-[[4-[[(2,4-diaminopteridin-6-yl)methyl]
methylamino]benzoyl]amino]-5-memoxy-5-oxopentanoic
acid (methotrexate 5-methyl ester),

I. (4S)-4-[[4-[[(2 ,4-diaminopteridin-6-yl)methyl)
methylamino)benzoyl)amino)-5-methoxy-5-oxopentanoic
acid (methotrexate 1-methyl ester),

J. dimethyl (2S)-2-[[4-[[(2,4-diaminopteridin-6-yl)
methyl]methylamino)benzoyl]amino)pentanedioate
(methotrexate dimethyl ester),

K. (2S)-2-[(4-aminobenzoyl)amino]pentanedioic add,

L. (2S)-2-[[4-(methylamino)benzoyl]amino]pentanedioic
acid.

____________________ PI>E<r
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11-268 Methyl Hydroxybenzoare 2022

PhE" _

TESTS
Solution S
Dissolve 1.0 g in ethanol (96 perCerlt) R and dilute to 10 mL
with the same solvent.

Appearance of soludon
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, MethodII).

Acidity
To 2 mL of solution S add 3 mL of ethanol (96 per cent) R,
5 mL of carbon dioxide-free woter Rand 0.1 mL of bromocresol
green solution R. Not more than0.1 mLof 0.1 kI sodium
hydroxide is required to change the colourof the indicator to
blue.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in 2.5 mL of methanol R and dilute to 50.0 mL
with the mobilephase. Dilute 10.0 mL of this solution [0

100.0 mL with the mobile phase.

Reference solution (a) Dissolve 5 mg of 4-hydroxybenzoic
acid R (impurity A) and 5 mg of the substance to be
examinedin the mobilephase and dilute to 100.0 mL with
the mobile phase. Dilute 1.0 mL of this solution to 10.0 mL
with the mobilephase.
Reference solution (b) Dissolve 50.0 mg of methyl
parahydroxybenzoat< CRS in 2.5 mL of methanol R and dilute
to 50.0 mL with the mobile phase. Dilute 10.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Column:
- size: I = 0.15 m, 0 = 4.6 rom;
- suuionaty phase: end-capped o<radecy/silyl silica gelfor

chroma",graphy R (5 um).

Mobile phase 6.8 gIL solution of potassium dmYdrogen
phosphate R, methanol R (35:65 VIV).
Flowrate 1.3 mlJmin.

Detection Spectrophotometer at 272 om.

Infection 10 ~L of the test solution and reference
solutions (a) and (c).

Run time 5 times the retention time of methyl
parahydroxybenzoate.

Relau'tJe retention With reference to methyl
parahydroxybenzoate (retention time = about 2.3 min):
impurity A = about 0.6.

System suitability Reference solution (a):
- Te501ution: minimum 2.0 between me peaksdue to

impurity A and methyl parahydroxybenzoate.

Limits: ~

- correction factor. for the calculation of content, multiply the
peak area of impurity A by 1.4;

- impurity A: not more than the area of the principal peak
in the chromatogram obtained with reference solution (c)
(0.5 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.5 per cent);

- total: not more than twicethe area of the principal peakin
the chromatogram obtained withreference solution (c)
(1.0 percent);

99-76-3152.1

o

~O/CH3
HoN

c.Hso,
Action and use
Antimicrobial preservative.

Methylparaben

(Methyl Parahydroxybenzoate, Ph. Bur. monograph 0409)

Methyl Hydroxybenzoate

DEFINITION
Methyl 4-hydroxybenzoate.

Content
98.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or almostwhite, crystalline powder or colourless
crystals.

Solubility
Very slightly soluble in water, freely soluble in ethanol
(96 per cent) and in methanol.

IDENTIFICATION
First identification: A, B.
Seamd identification: A, c.
A. Melting point (2.2.14): 125 ·C to 128 ·C.

B. Iofrared absorption spectrophotometry (2.2.24).

Comporison melhylporahydroxybenzoat< CRS.
C. Thin-layer chromatography (2.2.27).

Testsonuion (a) Dissolve 0.10 g of the substance EO be
examined in ecercae R and dilute to 10 mLwith the same
solvent.
Test solution (b) Dilute I mL of test solution (a) to 10 mL
with acetone R.
Reference solution (a) Dissolve 10 mg of melhyl
parahydroxybenzoat< CRS in acetone R and dilute to 10 mL
with the same solvent.
Reference solution (b) Dissolve 10 mg of elhyl
porahydroxybenzoate CRS in 1 mL of test solution (a) and
dilute to 10 mL with ace"'ne R.
Ptate TLC O<tade<yfsilyl silica gelF254 plat< R.

Mobile phase glacial acetic acidR, water R, methanol R
(1:30:70 VIVW).

Application 2 ~L of test solution (b) and reference
solutions (a) and (b).

Development Over 213 of the plate.

Drying 10 air.
Detection Examine in ultraviolet light at 254 om.

System suiUJb,1ity Reference solution (b):
- the chromatogram shows 2 clearly separated principal

spots.
Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

www.webofpharma.com



2022 Methyl Nicotinate II-269

PIIEIT _

____________________ PhE/I

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve25 mg of the substance to be
examined in the mobilephase and dilute to 25.0 mL with
the mobile phase.
Reference solution (aJ Dissolve 25 mg of nicotini: acidR in
the mobile pbase and dilute to 25.0 rnL with the mobile
phase. To 0.5 mL of this solution add 0.5 mL of the test
solution and dilute to 100 rnL with the mobile phase.

Reference soIm;"n (b) Dilute 1.0 rnL of the test solution to
100.0 rnL with the mobile phase. Dilute 1.0 rnL of this
solution to 10.0 mL with the mobile phase.
Column:
- size: I;;;;: 0.25 ill, 0 = 4 mm,
- stationary phase: oc/adecylsi(yl silka gelfor chromatography R

(5 JUIl).

Mobile phase acetic acidR, waltT R, acetoninile R
(1:29:70 VIVIV).
Flow rate I mUmin.

Detection Spectrophotometer at 261 nm.
Injection 20 ~L.

Run time 3 times the retention time of methylnicotinate.
Retention time Methyl nicorinaee « about 3.3 min.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost whitepowder.

Solubility
Verysoluble in water, in ethanol (96 percent) and in
methylene chloride.

IDENTIFICATION
First identification: B.
Second identification: A, C, D.
A. Melting point (2.2.1f): 40"C to 42 "C.

B. Infrared absorption spectrophotometry (2.2.2f).

Comparison methyl nicotinate CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve10 mg of me substance to be
examined in methanol R and dilute to 2 mL with the same
solvent.

Reference solution Dissolve 10 mg of methylnicotinate CRS in
methanol R anddilute to 2 mL with the same solvent.
Plate TLC n·lica gelPm plate R.

Mobile phase methanol R, toluene R (10:90 VIV).
Applicat;"n 2 IlL.
Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 run.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.
D. To 0.5 g add 0.1 g of curie acid monohydrate Rand
0.2 mL of acetic anhydride R. Heat cautiously for 1 min.
A yellowcolouris produced which turns first to orange, then
to red and then to violet.

93-60-7137.1

o

~O/'-,CH3
HoN

B. ethyl 4-hydroxybenzoate (ethyl parahydroxybenzoate),

o

~O~CH3

HoN
C. propyl 4-hydroxybenzoate (propyl parahydroxybenzoate),

o

~O~CH3
HoN

D. butyl 4-hydroxybenzoate (butyl parahydroxybenzoate).

HO

d o H

A. 4-hydroxybenzoic acid,

- disregard limit. 0.2 times the area of the principal peak in
the chromatogram obtainedwith reference solution (c)
(0.1 per cent).

Sulfated ash (2A.lf)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
relatedsubstances with the following modification.
Injection Test solution and reference solution (b).

Calculate the percentage content of CSHS03 from the
declared content of methylparahydroxybemwate CRS.

IMPURITIES
Specified impulilies A.
Otherdetectable impurities (me following substances wauld, if
present at a sufficient level, be detected by otleor other of the tests
in the monograph. Theyare limited by the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for phannaceurical use (2034). It is
therefore not necessary to idemify these impurities for
demonstration of compliance. Seealso 5.10. ConlrOl of impurities
in substances forphannaceutical use) BJ C, D.

Methyl Nicotinate
(ph. Eur. monograph 2129)

C,H,NO,

Action and use
Vasodilator.

DEFINITION
Methyl pyridine-S-carboxylate.
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_~ ~ PhE"

A. pyridine-3-carboxyUc acid (nicotinic acid).

Water (2.5.12)
Maximum 0.5 per cent, determined on 2.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.120 g in 50 mL ofg/adal aa.c add R. Titrate
with 0.1 AtI perchlon', acid, determining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M perchfcri,; acid is equivalent 1013.71 mg
ofG,H,NOz. •

STORAGE
Protected from light.

IMPURITIES
Specified impuritws A.

PhE" _

DEFINITION
Methyl 2-hydroxybenzoate.

Content
99.0 per cent mlm to 101.0 per cent mlm.

CHARACTERS
Appearance
Colourless or slightly yellow liquid.

Solubility
Very slightly soluble in water, miscible with ethanol
(96 per cent) and with fatty and essential oils.

IDENTIFICATION
First identification: A.

Second idendfiouion: BJ C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylsa/icy/ate CRS.
B. Heat 0.25 mL with 2 mL of dilute sodium hydroxide
solution R on a water-bath for 5 min. Add 3 mL of dilute
sulfuric acidR. A crystalline precipitate is formed. Filter.
The precipitate, washed with waterR anddried at
100-105 "C, melts (2.2.14) at 156 "C to 161 "C.

C. To 10 mL of a saturated solution add 0.05 mL of/eni<
chlon"de solution RI. A violet colour develops.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2) MethodII).
To 2 mL add 10 mL of etha'lOl (96 percent) R.

Acidity
Dissolve 5.0 g in a mixture of 0.2 mLof bromocresol green
solution Rand 50 mL of ethanol(96 percent) R previonsly
neutralised to a blue colour by addition of 0.1 M sodium
hydroxide. Not more than 0.4 mL of 0.1 M sodium hydroxide
is required to restore the blue colour.

Relative density (2.2.5)
1.182 to 1.188.

Refractive Index (2.2.6)
1.535 to 1.538.

Related substances
Gas chromatography (2.2.28).

Testsolution The substance to be examined.
Reference solatum (a) Dilute 1.0 mL of the (est solution to
100.0 mL withatetoneR. Dilute 1.0 mL of thissolution to

10.0 mL with acetone R.

Reference solution (b) Dissolve 59.0 mg of phenol R
(impurity B) in a«lO'" R and dilute to 100.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
aCitone R.
Reference solution (c) Dissolve 5 mg of methyl
2-methoxybenzoate R (impurity M) and 5 mg of methyl
4-methoxybenzoate R (impurity D) in aalOne R and dilute to
100 mLwith the samesolvent.
Column:
- material: fusedsilica;
- size: 1== 30 m, 0 == 0.53 rnm;
- stationary phase: phenyl(50)methy/(50)palysi/oxane R (fibn

thickness I um).

Cartier gas helium for chromtuography R.
Flow rate 5.0 mllrnin.
Sph't ratio 1:10.

/19-36-8

o

~OCH3
V OH

152.1

System suitability Reference solution (a):
- resolution: minimum 2 between the peaks due to

impurity A and methyl nicotinate.

Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.1 per cent),

- any other impun"ty: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.1 per cent),

- wtal: not more than5 times the area of the principal peak
in the chromatogram obtained withreference solution(b)
(0.5 per cent).

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 g in waterR and dilute to 15 mL with the
same solvent.

(Ph. Bur. monograph 0230)

Methyl Salicylate

C,HsO,

Action and use
Counter-irritant.

Preparations
Kaolin Poultice

Methyl Salicylate Liniment

Methyl Salicylate Ointment

Surgical Spirit
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Temperature:

Thn.
(min)

Temperature
CCl

o

~DCH'
HO~

o

("('DCH'

HO~~..
o OCH3

o

~DCH'yOH
CH,

oH'cd"" I DCH,

"'" OH

C. methyl 4-hydroxybenzoate (methyl parahydroxybenzoate),

D. methyl 4-methoxybenzoateJ

E. dimethyI4-hydroxybenzene-I,3-dicarboxylate,

F. ethyl 2-hydroxybenzoate,

I. methyl 2-hydroxy-3-methylbenzoate,

J. methyl 2-hydroxy-5-methylbenzoate,

K. methyl 2-hydroxy-4-methylbenzoate,

L. methyl 2-hydroxy-6-methylbenzoa,e,

M.methyl 2-methoxybenzoate.

Joo ..... 230

230

200

250

0-32.5

32.5 - 40.5

Column

Injection port

Detector

Deteaion Flameionisation.
Injection 0.5 ~L.

Identification of impurities Use me chromatogram obtained
withreference solution (b) to identify the peakdue to
impurity B,; use the chromatogram obtained with reference
solution (c) to identify the peaks due to impurities D and M.
Relatrve retention With reference to methyl salicylate
(retention time == about 9 min): methanol = about 0.15,;
anisole = about 0.37; impurity B = about 0.47;
impurity M =about 1.56; impurity D =about 1.59.

System suitab,7ity Reference solution (c):
- resolution: minimum 1.5 between thepeaks due to

impurities M and D.

Calculation ofcontents:
- for impurity B, use the concentration of impurity B in

reference solution (b);
- forimpurities other thanB, use the concentration of

methyl salicylate in reference solution (a).
Limits:
- impurity B: maximum 50 ppm;
- unspecified impurities: for each impurity, maximum

0.10 percent;
- total: maximum 0.5 per cent;
- reponing threshold: 0.05 percent, exceptfor impurity Bj

disregard the peaks due to anisole and methanol.

ASSAY
Dissolve 0.500 g in 25 mL of ethanol (96 peremil R.
Add 0.05 mL of phenol red ,oIu,wn R and neutralise with
0.1 M sodium hydroxide. To the neutralised solution add
50.0 mL of 0.1 M sodium hydroxide and heat under a reflux
condenser on a water-bath for30 min. Cool and titrate with
0.1 M hydrochloric acid. Calculate the volume of 0.1 M sodium
hydroxide usedin the saponification. Carry out a blank
titration.
I mL of 0.1 M sodium hydroxide is equivalent to 15.21 mg of
CgHg03·

STORAGE
Protected from light.

IMPURITIES
Spedfied impurities B.
Other detectable impumies (thefollowing subs,ances would, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They arelimiud by the general acceptance
criterion for otherlunsp",ped impuri,ies and/or by thegeneral
monograph Subsumces for pharmaceutical use (2034). Ir is
therefore not necessary w identify these impurities for
demonstration of compliance. Seeabo 5.10. Control of impun·,ies
in substances jor pharmaceutical use) C, D, E, F, I, J,K,
L, AI.

B. phenol, ___~ PhE",
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Ketones
Dilute 5 mL (0 10 mL with water) add 1 mL of a 1.0% wlv
solution of 2-nitrobenza/dehyde in ethanol (50%) followed by
1 mL of a 15%w/v solution of sodium hydroxide in waterand
allow (0 standfor 15 minutes. Anycolourproduced is not
more intense man thatproduced by treating in the same
manner 10 mL of a 0.025% vtv solutionof acetane in ethanol
(50"/0) (500 ppm).

Industrial Methylated Spirit
Industrial Methylated Spirits; ThiS

Industrial Denatured Alcohol

DEFINITION
Industrial Methylated Spirit is a mixture of nineteenvolumes
of ethanolof an appropriate strength withone volume of
approved wood naphtha. Two strengths are available
containing 99% by volume and 95%by volume of alcohol
(also known as 14 OP and 66 OP respectively).

CHARACTERISTICS
A colourless, clear, mobile, volatile liquid, boilingat about
78°.

Methylcellulose1

(ph. Bur. monograph 0145)

**** ** ** ****
IDENTIFICATION
Mix 0.1 mL with 0.05 mL of an II % wlw solution of
orthophosphoric acidand 0.25 mL of dilu" potassium
permanganate solution. After 1 minute add a few mg of sodium
melabisulfite and shake until the mixture is decolorised.
Add 1.5 mL of a 50% vlv solution of sulfuric acid and a
fewmg of finely powdered chromotropic acidsodium salt, shake
well and heat on a water bath for 5 minutes. A deep violet
colouris produced.

TESTS
Acidity or alkalinity
25 mL requires not more man 0.2 mLof a.1M sodium
hydroxide VS to produce a pink colour with phenolphthalein
solurian R1 and not more than 1.0 mL of 0.1Mhydrochloric
add VS to produce a red colour with methyl redsolution.

Clarity of solution
Dilute 5.0 mL to 100 mL with warer. The solution is dear,
Appendix N A.

Apparent density
For '66 Opt grade, not greater than 811.6 kg m-3

, and for
'74 OP' grade, not greater than 792.8 kg m93

,

Appendix V G.

Aldehydes
To 5.0 mL add 5 mL of waterand I mL of deco/orised fuchsin
solution and allow to stand for 30 minutes. Any colour
produced is not more intense than that obtained by treating
in the same manner 5 mL of a 0.005% wlv solution of
redistilled acetaldehyde in aldehyde-free ethanol (96%)
(50 ppm).

Non-volatile matter
When evaporated and dried at 105°) leavesnot more than
0.01% wlv of residue.

Industrial Methylated Spirit (Ketone-free)
Industrial Denatured Alcohol (Ketone-free)

DEFINITION
Industrial Methylated Spirit (Ketone-free) is a mixture of
nineteen volumes of ethanol of an appropriate strength with
one volume of approved wood naphtha substantially free
from ketones. Two strengths are available containing 99% by
volume and 95% by volume of alcohol (also known as 14 OP
and 66 OP respectively).

CHARACTERISTICS; IDENTIFICATION; TESTS
Acidity or alkalinity; Clarity of solution; Apparent
density; Aldehydes; Non-volatile matter
Complieswith the requirements stated under Industrial
Methylated Spirit.

9004-67-5

Action and use
Bulk-forming laxative; excipient.

Preparation
Methylcellulose Tablets

Ph&l _

DEFINITION
Partly G-methylated cellulose. Methyl ether of cellulose.

Content
26.0 per cent [0 33.0 per cent of methoxygroups (-OCH3;

M, 31.03) (dried substance).

tCHARACTERS
Appearance
White)yellowish-white or greyish-white powderor granules,
hygroscopic after drying.

Solubility
Practically insoluble in hot water, in acetone) in anhydrous
ethanol and in toluene. It dissolves in cold water giving a
colloidalsolution.•

IDENTIFICATION
A. Evenly distribute 1.0 g onto the surface of 100 mL of
water R in a beaker) tapping me top of the beaker gently if
necessary to ensure a uniform layer on the surface. Allow to
stand for 1-2 min: the powdered material aggregates on the
surface.
B. Evenly distribute 1.0 g into 100 mL of boiling rca"rR,
and stir the mixture usinga magnetic stirrer with a bar
25 mm long: a sluny is formed and the particles do not
dissolve. Allow the slurry to cool to 5 DC and stir using a
magneticstirrer: a clear or slightly turbid solution occurs with
its thickness dependent on the viscosity grade.
C. To 0.1 mL of the solution obtained in identification
test B add 9 mL of a 90 per cent VIV solution of sulfuric
addR) shake,heat on a water-bath for exactly 3 min)
immediately cool in an ice-bath, carefully add 0.6 mL of a
20 gIL solution of ninhydrin R) shake and allow to stand at
25 DC: a red colourdevelops and does not change to purple
within 100 min.

D. Place 2-3 mL of the solution obtained in identification
test B on a glass slide as a thin film and allow the water to
evaporate: a coherent) clear film fonns on the glass slide.
E. Add 50.0 mL of the solution obtained in identification
test B to 50.0 mL of waterR in a beaker. Inserta
thermometer into the solution. Stirthe solution on a

1 This monograph hasundergrme phannawpoejoJ hannQmsation.
Seechapter 5.8 PharmacqpoeioJ hannonisatilm.
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magnetic stirrer/hot plate and begin heating, increasing the
temperature at a rate of 2-5 °C per minute. Determine the
temperature at which a turbidity increase begins to occur and
designate the temperature as the flocculation temperature:
the flocculation temperarore is higher than 50 "C.

TESTS
OAppearance of solution
The solution is not more opalescent man reference
suspension III (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2, Method II).

While stirring, introduce a quantity of the substance to be
examined equivalent to 1.0 g of the dried substance into 50 g
of carbon dioxide-free waterR heated to 90 "C. Allow to cool,
adjust the mass of the solution to 100 g with carbon dioxide­
free waterR and stir until dissolution is complete. Allow to
stand at 2-8 °C for 1 h before carrying out the rest.c
pH (2.2.3)
5.0 to 8.0 for the solution prepared as described under
Viscosity.

Read the pH after the probe has been inunersed for
5 ± 0.5 min.

Viscosity
80 per cent to 120 per cent of the nominal value for samples
with a viscosity of less than 600 ml'a-s (Method I);
75 per cent to 140 per cent of the nominal value for samples
with a viscosity of 600 rnl'a-s or higher (Method 2).

Method 1~ to beapplied to samples with a viscosity of less than
600 mPa·s Weigh a quantity of the substance to be
examined equivalent to 4.000 g of the dried substance.
Transfer into a wide-mouthed bottle, and adjust the total
mass of the sample and the water to 200.0 g with hot
water R (90-99 "C). Capping the bottle, stir by mechanical
means at 400 ± 50 r/min for 10-20 min until the particles
are thoroughly dispersed and wetted. Scrape down the
insides of the bottle with a spatula if necessary, to ensure that
there is no undissolved material on the sides of the bottle,
and continue the stirring in a cooling water-bath maintained
at a temperature below 5 °C for another 20-40 min. Adjust
the solution mass if necessary to 200.0 g using cold water R.
Centrifuge the solution if necessary to expel any entrapped
air bubbles. Using a spatula, remove any foam. Determine
the kinematic viscosity (v) of this solution using the capillary
viscometer method (2.2.9). Separately, determine the density
(P) (2.2.5) of the solution and calculate the dynamic
viscosity (11)~ as 11 = pv.

Method 2, to beapplied to sampkswith a visccsity of 600 mPa·s
or higher Weigh a quantity of me substance to be examined
equivalent to 10.00 g of the dried substance. Transfer into a
wide-mouthed bottle, and adjust the total mass of the sample
and the water to 500.0 g with hot waterR (90-99 "C).
Capping the bottle, stir by mechanical means at
400 ± 50 r/min for 10-20 min until the particles are
thoroughly dispersed and wetted. Scrape down the insides of
the bottle with a spatula if necessary, to ensure that there is
no undissolved material on the sides of the bottle, and
continue the stirring in a cooling water-bath maintained at a
temperature below 5 "C for another 20-40 min. Adjust the
solution mass if necessary to 500.0 g using cold waterR.
Centrifuge the solution if necessary to expel any entrapped
air bubbles. Using a spatula, remove any foam. Determine
the viscosity (2.2.10) of this solution at 20 ± 0.1 'C using a
rotating viscometer.

Apparatus Single-cylinder type spindle viscometer.

Methylcellulose II-273

Rotornumber, reuolution and calculation multiplier Apply the
conditions specified in Table 0345.-1.

Table 0345.-1.

Nominal Rotor Revolution CalcuJation
vIscosity* number (r1mln) multiplier
(mPa·s)

600 ic less J 60 20
than 1400

1400 to less J 12 100
than 3500

3500 to less 4 60 100
than 9500

9500 to less 4 6 1000
than 99 500

99 500 or more 4 J 2000

*the nominal viscosity is based. on the manufacturer's specifications.

Allow the spindle to rotate for 2 min before taking the
measurement. Allow a rest period of at least 2 min between
subsequent measurements. Repeat the measurement twice
and determine the mean of the 3 readings.

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 1 h.

Sulfated ash (2.4.14)
Maximum 1.5 per cent, determined on 1.0 g.

ASSAY
Gas chromatography (2.2.28).

Apparatus:
- reaction vial: a 5 mL pressure-tight vial, 50 mm in height,

20 mm in external diameter and 13 mm in internal
diameter at the mouth, equipped with a pressure-tight
butyl rubber membrane stopper coated with
polytetrafluoroethylene and secured with an aluminium
crimped cap or another sealing system providing a
sufficient air-tighmess;

- heater: a heating module with a square aluminium block
having holes 20 mm in diameter and 32 mm in depth) so
that the reaction vials fit; mixing of the contents of the
vial is effected using a magnetic stirrer equipped in the
heating module or using a reciprocal shaker that performs
approximately 100 cycles/min.

Internal standard solution 30 gIL solution of octane R in
o-xylene R.
Test solution Weigh 65.0 mg of the substance to be
examined, place in a reaction viat, add 0.06-0.10 g of adipic
add R) 2.0 mL of me internal standard solution and 2.0 mL
of hydriodic acid R, inunediately cap and seal the vial, and
weigh accurately. Mix the contents of me vial continuously
for 60 min while heating the block so that the temperature of
the contents is maintained at 130 ± 2 °C. If a reciprocal
shaker or magnetic stirrer cannot be used, shake the vial
thoroughly by hand at 5 min intervals during the initial
30 min of the heating time. Allow the vial to cool, and again
weigh accurately. If the loss of mass is less than 26 mg and
there is no evidence of a leak, use the upper layer of the
mixture as the test solution.

Reference solution Place 0.06-0.10 g of adipic acid R, 2.0 mL
of the internal standard solution and 2.0 mL of hydriadic
add R in another reaction vial, cap and seal the vial, and
weigh accurately. Add 45 t1L of methyl iodide R through the
septum with a syringe, and weigh accurately. Shake the
reaction vial thoroughly and use the upper layer as the
reference solution.
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Use a precolumn if needed.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.53 mm;
- stationary phase: methylpo/ysiloxane R (3 urn).

Carrier gas heliumfor chromatographyR.

FWw rate 4.3 mUmin.

Splitratio 1:40.

Temperature:

____________________ PhE"

Thefollowing characteristics may be relevant for methylullulose
usedas binder, viscosity-enhancing agentorfilm fonner.

Viscosity
See Tests.

Degree of substitution
See Assay.

'"• •• •• •'.*(Ph. Eur. monograph 0045)

Methyldopa

'0
50 ---> 100

100 --> 250

250
250

280

Temperature
CC)

Time
(min)

O· J

J·8

8 - 12.3

12.3 - 20.3

Injection port

Detector

Column

PhE" _

Action and use
Alpha2-adrenoceptor agonist; treatment of hypertension.

Preparation
Methyldopa Tablets

41372-08-1238.2

TESTS
Appearance of solution
Dissolve 1.0 g in 1 M hydrochlori< acid and dilute to 25 mL
with the same solvent.The solution is not more intensely
coloured than reference solutionBY6or B6 (2.2.1,
Method 11).

Acidity
Dissolve 1.0 g with heating in 100 mL of carbon dioxide-free
waterR. Add 0.1 mL of methyl red solution R. Not more than
0.5 mL of 0.1 M sodium hydroxide is required to produce the
pure yellow colourof the indicator.

DEFINlTION
(2S)-2-Amino-3-(3,4-dihydroxyphenyl)-2-methylpropanoic
acid sesquihydrate (L-methyldopa sesquihydrate).

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white, crystalline powder or colourless or
almostcolourless crystals.

SolublJlty
Slightly soluble in water, vety slightly soluble in ethanol
(96 per cent). It is freely soluble in dilute mineral acids.

IDENTIFICATION
Carry out either tests A, B or tests A, C.
A. Infrnred absorption spectrophotometry (2.2.24).

Comparison methyldopa CRS.

B. Enantiomeric purity (see Tests).
C. Specific optical rotation (2.2.7): -28.0 to -25.0.

Dissolve a quantity equivalent to 2.20 g of the anhydrous
substance in aluminium chloride solution R and dilute to
50.0 mL with the same solution.

Detection Flame ionisation or thermal conductivity.
Injection 1-2 ~L.

Relau've mention With reference to octane (retention
time = about 10 min): methyl iodide = about 0.4.

System suitability Reference solution:
- resolution: minimum 5.0 between me peaks due to methyl

iodide and octane;
- repeatability: maximum relative standard deviation of

2.0 per cent for the ratio of the area of the peakdue to

methyl iodide to thatdue to octane) determined on
6 injections. .

Calculate the ratio (Q) of the area of the peak due to methyl
iodide [Q the area of me peakdue (0 the internal standard in
the chromatogram obtained with the test solution, and the
ratio (Q,) of the area of the peak due to methyl iodide to the
area of the peak due to the internal standard in the
chromatogram obtained with the reference solution.
Calculate the percentage contentof methoxy groups using
the foUowing expression:

LABELLING
The label states the viscosity in millipascal seconds.

FUNCTIONALITY-RELATED CHARACTERISTICS
This seaion provides infonnatian on charaaeristia that are
recognised as being releuant control parameter: for one or more
functions of thesubstance when used as an dXCipient (see chapter
5.15). Some of the charaaeiistia described in the Fumfionality­
related charaaeriuia section mayalso bepresent in the mandatory
part of the monograph since they also repment mandatory quality
criteria. In such cases, a cross-reference to the tests darn·bed in the
mandawrypart is included in the Functionality-related
characteristks section. Control of the characteristics can contribute
W 'he qualityof a medidno!produce I>y improving the consistency
of the manl!fa<:lUring process and the performance of the medicinal
produa during use. lt7here contrd methods are cited, theyare
recognised as being suirable for thepurpose, bur other methods can
also beused. WheretJer results fora panicular charaaeristic are
reported, the conrrol method mus' be indicated.

Inj massof methyl. iodide in the reference solution, in milligrams;
m massof the sample(dried substance), in milligrams.
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Absorbance (2.2.25)
Test solution Dissolve 40.0 rng in 0.1 M hydrochloric add and
dilute to 100.0 mL with the same acid. Dilute 10.0 mL of
the solution to 100.0 mL with O. I M hydrochlori< acid.
Spectralrange 230-350 run.

Absorption maximum At 280 run.

Specific absorbance at theabsorption maximum 122 to 137
(anhydrous substance).

Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 25 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.
Reference solution (a) Dilute 5.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL with the mobile phase.

Reference solution (b) Dissolve 2 mg of racemic
methyldopa CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase.
Column:
- size: 1= 0.15 m, 0 = 3.9 mm;
- stationary phase: spherical end-capped oaadecylsilyl silica gel

for chromatography R (5 lUJ1).

Mobilephase Dissolve separately 0.200 g of copper aatate R
and 0.387 g of N,N-dimethyl-L-phenyla/anine R in water R;
mix the 2 solutions and adjust inunediately to pH 4.3 with
acetic acidRj add 50 mL of methanol R and dilute to
1000 mL withwaterRj mix and filter.

Equilibrate the column ':Vith the mobile phase for about 2 h.
If necessary, decrease the concentration of methanol R so the
peak corresponding to o-melhyldopa is clearly separated
from the negative system peak that appears at about 6 min.
Flow rate I mUmin.

Detection Spectrophotometer at 280 nm.

Injection 20 ~L.

Run time Twice the retention time of t-metbyldopa,

Relative retention With reference to L-methyldopa (retention
time =about 14 min): n-methyldopa =about 0.7.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

n-methyldopa and L-methyldopa.

Limit:
- n-methyldopa (impun'ty D): not more than the area of the

principal peakin the chromatogram obtained with
reference solution (a) (0.5 per cent).

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Testsolution Dissolve 0.100 g of the substance to be
examined in 0.1 M hydrochlori< acid and dilute to 25.0 mL
with the same acid.
Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with 0.1 M hydrochlmic acid. Dilute 5.0 mL of this
solution to 100.0 mL with 0.1 M hydrochlmic acid.

Reference solution (b) Dissolve the contents of a vial of
methyldopa for system suitability CRS (containing
impurities A, B and C) in 1.0 mL of 0.1 M hydrochlmic acid.
Column:
- size: I=: 0.25 m, 0 =: 4.6 mm;
- stationary phase: spherical di-isobutyloctadecylsilyl silica gel

for chromatography R (5 urn) with a pore size of 8 urn.

Methyldopa 11-275

Mobile phase methanol R) 0.1 Ivi phosphate buffer solution
pH 3.0 R (15:85 VIII).
Flow rate I mllmin.

Detection Spectrophotometer at 280 nm.

Injection 20~.

Run time 6 times the retention time of methyldopa.
Identification of impurities Use the chromatogram supplied
with methyldopa for system suitability CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peaksdue to impurities A) Band C.

Relative retention With reference to methyldopa (retention
time =: about 5 min): impurity A =: about 1.9;
impurity B = about 4.3; impurity C = about 4.9.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities B and C.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B =: 2.6;
impurity C = 1.3;

- impurities A, B, C: for each impurity) not more than
1.5 times the area of the principal peakin the
chromatogram obtainedwith reference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.05 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit. 0.3 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.03 per cent).

Water (2.5.12)
10.0 per cent to 13.0 per cent) determined on 0.20 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.180 g) heating if necessary, in 50 mL of glacial
acetic acidR. Titrate with 0.1 M perchlonc acid) determining
the end-point potentiometrically (2.2.21J).

I mL of 0.1 M petchloric acidis equivalent to 21.12 mg of
C,oH,,NO•.

STORAGE
Protected from light.

IMPURITIES
Specified impuniies A) B, C) D.

f?
Co,H

I # Hoc' NH,
HO

DCH,

A. (2S)-2-amino-3-(4-hydroxy-3-methoxyphenyl)-2­
methylpropanoic acid (3-methoxymethyldopa),
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___________________ PhE"

B. (2S}-2-amino-3-(4-methoxyphenyl)-2-methylpropanoic
acid,

Time Mobile phase A MobUe phase B
(mln) (per cent I'll') (per cent JIm
0-2 85 15

2-7 85 ---0 65 15 -0 35

7 ~ 12 65 "12 - l1 65 -020 35 ..... 80

17 - 19 20 80

Dilute 2.0 mL of solution S to 50.0 mLwith carbon dioxide­
/ree warer R.

Specific optical rotation (2.2.7)
+ 44.0 [0 + 50.0 (driedsubstance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29). Carry out the test protected
from light.
Test solution Dissolve25 mg of the substance to be
examined in 15 mL of mobilephaseB and dilute to 50.0 mL
with water R.
Reference solutwn (a) Dilute 1.0 rnL of the test solution to
100.0 mL with water R. Dilute 1.0 rnL of this solution to
10.0 rnL with warer R.
Reference solution (b) Dissolve the contents of a vial of
methyletgomeuine for system suitability CRS (containing
impurities A, B, C, D, E, F, G, Hand 1) in 1.0 mL of a
mixture of 30 volumes of mobile phase Band 70 volumes of
water R.
Column:
~ size: 1== 0.10 m, 0 ;;;; 4.6 nun;
- statwnary phase: end-eapped ocradecy/si/yl silica gelfor

chromatography R (3.5 urn).

MoMephase:
- mobile phase A: 2 gIL solution of ammonium carbamate R;
- mobile phase B: acetonitrile R, warer R (50:50 VIII);**** ** ** ****(Ph. Eur. monograph 1788)

Methylergometrine Maleate

D. (2R)-2-amino-3-(3,4-dihydroxyphenyl)-2-methylpropanoic
acid (n-merhyldopa).

f?
co,H

I .# H,'/ Cli,
HO

OH

c. (2S}-2-amino-3-(3,4-dimethoxyphenyl)-2-methylpropanoic
acid,

PhE" _

DEFINll10N
(6aR,9R)-N-[(1S}-I-(Hydroxymethyl)propyl]-7-methyl­
4,6,6a,7,8,9-hexahydroindolo[4,3-fg]quinoline-9-carboxamide
(Z)-butenedioate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACfERS
Appearance
Whit~oralmostwhite, hygroscopic, crystalline powder.

Solubility
Soluble in water, slightly soluble in anhydrous ethanol.

IDENTIFICATION
A. Specificopticalrotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison methylergometn·ne maleate CRS.

TESTS
Solution S
Dissolve 0.100 g in carbon dioxide-free wawrR and dilute to
20.0 mL with the same solvent.

pH (2.2.3)
4.4 to 5.2.

Action and use
Oxytocic.

455.5 57432-61-8
Flow rare 2.0 mIlmin.
Detection Spectrophotometer at 310 nm.

Injection 20 1'1-.
Identification of impurities Use the chromatogram supplied
with merhylergometrine for syuem suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C) D, E, F, G, H
and 1.
Relative retention With reference to methylergomenine
(retention time ;;;; about 12 min): impurity A == about 0.2;
impurity B = about 0.5; impurity C = about 0.6;
impurity D = about 0.7; impurity I = about 1.10;
impurity E = about 1.14; impurity F = about 1.2;
impurity G =about 1.3; impurity H =about 1.4.

System su;tab,7ity Reference solution (b):
- resolution: minimum3.0 between the peaks due to

methylergometrine and impurity Ij minimwn 1.5 between
the peaksdue to impurities I and E.

Limits:
- impuniy1: not more than 3 times the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impurit)l C: not more than twice the areaof the principal
peak in the chromatogram obtainedwith reference
solution (a) (0.2 per cent);

- impurities A~ B, D, E, F, G, H: for each impurity, not
more than 1.S times the area of the principal peak in the
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chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified impurities: Cor each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 6 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.6 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 60 mL of anhydrous acetic acid R. Titrate
with 0.1 lvl perch/one acid, determining the end-point
potentiometrically (2.2.20).

J mL of 0.1 M perch/one. acid is equivalent to 45.55 mg
of C24H29N306.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impuriues A, B, C, D, E, F, G, H, I.

A. (6aR,9R)-1-methyl-4,6,6a,1,8,9-hexahydroindolo[4,3-fg)
quinoline-9-earboxylic acid,

B. (6aR,9S)-1-methyl-4,6.6a,1 ,8,9-hexahydroindolo[4,3-1gJ
quinoline-9-carboxylic acid,

CH,

~
7 N

~ 0
HN ~ "%. <

H Nil,
#

c. (6aR,9R)-1-methyl-4,6,6a,1,8,9-hexahydroindolo[4,3-fg)
quinoline-9-carboxamide,

Methylergometrine Maleate 11-277

CH,
H ,

DX1
i N

HN H
'" "" ...(NyCH,

I # H ° H' \""'OH

D. (6aR,9R)-N-[(IS)-2-hydroxy-l-methylethyl]-1-methyl­
4,6,6a,1,8,9-hexahydroindolo[4,3-1g)quinoline-9­
carboxamide (ergometrine),

E. (6aR,9S)-1-methyl-4,6,6a,1,8,9-hexahydroindolo[4,3-1g]
quinoline-9-carboxamide,

F. (6aR,9S)-N-[(IS)-2-hydroxy-l-methylethyl]-1-methyl­
4,6,6a, 1,8,9-hexahydroindolo[4,3-fgJquinoline-9­
carboxamide (ergometrinine),

G. (6aR,9R)-N-[(IS)-I-(hydroxymethyl)propyl)-4,1-<limethyl­
4,6,6.,1,8,9-hexahydroindolo[4,3-fg)quinoline-9­
carboxamide (methysergide),

H. (6aR,9S)-N-[(IS)-I-(hydroxymethyl)propyl)-1-methyl­
4,6,6a,1,8,9-hexahydroindolo[4,3-fg]quinoline-9­
carboxamide (melhylergometrinine),

CH,
H ,

DX1
i N

HN . ~
'" "" H ••( iCoH

# 0 H CH,

I. (6aR,9R)-N-[(IR)-I-(hydroxymethyl)propyl)-1-methyl­
4,6,6a,1,8,9-hexahydroindolo[4,3-fg)quinoline-9- .
carboxamide (l'-epi-methylergometrine).

______~ PhE",
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(Ph. Eur. monograph 2235)

P1>f<l _

Methylphenidate Hydrochloride

Tim, MobUe phase A MobIle phase B
(min) (per cent VIII) (per cent V/l?
0-15 80 20

15 - 35 80 -> 60 20 -> 40

pH 2.7 with phosphori< acidR and dilute to 1000 mL with
waterfor chromatography R.
Test solution Dissolve 25 mg of the substance 10 be
examinedin thesolventmixture and dilute 10 25.0 mLwith
the solvent mixture.
Reference ,00ution (a) Dissolve 2 mg of methylphenidate
impuri,yC CRS in 100.0 mL of the solvent mixture.

Reference ,00ution (b) Dissolve the contents of a vial of
methylphenidate impurity mixture CRS (impurities A and B) in
1.0 mL of reference solution (a).
Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with thesolventmixture.
Column:
- size: 1= 0.075 m, 0 = 4.6 mm;
- stationary phase: end-capped oeradecylsilyl silica gelfor

chromatography R (3.5 pm);
- temperature: 40 "C.

Mobile phase:
- mobile phase A: dissolve 2.16 g of sodium octonesulfonate R

in 950 mL of waterfor chromatography R, add 1.0 mL of
tn'eth;ylamt'ne R2) adjust to pH 2.7 withphosphon'c acid R
and dilute to 1000 mL with waterfor chromatography R;

- mobile phase B: acetom·trik Rl;

Flow rate 1.3 mllmin.
Detection Spectrophotometer at 2J5 run.
Injection 20 pI..

Identification of impunties Use the chromatogram supplied
with methylphenidate impurity mixture CRS and the
chromatogram obtained with reference solution (b) to
identify the peaksdue to impurities A and B; use the
chromatogram obtainedwith reference solution (a) to
identify the peak due to impurity C.

Relative retention Withreference to methylphenidate
(retention time =about 20 min): impurity A =about 0.35;
impurity C =about 0.40; impurity B =about 0.6.

System suitability Reference solution (b):
- resolution: minimum 1.5 betweenthe peaksdue to

impurities A and C.

Limits:
- impurities A, B: for each impurity, not more than5 times

the area of the principal peak in thechromatogram
obtainedwith reference solution (c) (0.5 per cent);

- unspedfied impun'ties: for each impurity, not more than the
area of the principal peak. in the chromatogram obtained
withreference solution (c) (0.10 per cent);

- Wtal: not more than 10 times the area of me principal
peak in the chromatogram obtained with reference
solution (c) (1.0 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtainedwith .reference solution (c)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
'Vacuo at 60 °C for 4 h.

Sulfated ash (2.4./4)
Maximum 0.1 per cent) determined on 1.0 g.

298-59-9

andenanliomer . Hel

269.8

Action and use
Narcolepsy; hyperactivity disorder in children.

Preparations
Methylphenidate Prolonged-release Capsules
Methylphenidate Tablets

DEFINITION
Methyl (2RS)-phenyl[(2RS)-piperidin-2-yl)acetate
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, fine, crystalline powder.

Solubility
Freely soluble in water, soluble in ethanol (96 per cent),
slightly soluble in methylene chloride.

IDENfIFICATION
First identification: A, C.
Secondidentification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comporison methylphenitklte hydrochloride CRS.
B. Thin-Iayer chromatography (2.2.27).

Test solutWn Dissolve 5 mg of the substance to be examined
in 1.0 mL of methanol R.
Reference solution Dissolve 5 mg of methylphenidate
hydrochWride CRS in 1.0 mL of methanol R.

Plate TLC silica gelplate R.
Mobile phase concentrated ammonia R, methanol R, methylene
chloride R (1:4:95 VIVIV).

Application 5 IlL·
Deudopmen: Over 2/3 of the plate.

Drying At 60 "C for 5 min.
Derection Spray with a freshly prepared 5 gIL solution of fast
blue B salt R; heat to 60°C for 1 min.
Result The principal spot in the chromatogram obtained
with the test solution is similar in position,colour and size to
the principal spot obtainedwith the reference solution.
C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
SoIven, mixture Mix 20 volumes of acetonitrile R/ and
80 volumes of a solution prepared as follows: dissolve 1.36 g
of sodium octanesulfonate R in 950 mL of waterfor
chromatography R, add 1.0 mL of '"'ethylamine R2, adjust to
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115-38-8

andenantiomer

246.3

(Ph. Bur. monograph 0189)

Methylphenobarbital

Action and use
Barbiturate.

PhEIl ~ ~ _

DEFINITION
(5R5)-5-Ethyl-l-methyl-5-phenylpyrimidine-2,4,6
(IH,3H,5H)-trione.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powderor colourless
crystals.

SolubUlty
Practically insoluble in water, very slightly soluble in ethanol
(96 per cent).

It forms water-soluble compounds with alkali hydroxides and
carbonates and with ammonia.

IDENTIFICATION
Fin, identification: A, B.

Secondidendficaion: A, C, D.
A. Determine the melting point (2.2.1f) of the substance to
be examined. 1VIix equalparts of the substance to be
examined and methylphenobarbiwl CRS and determine the
melting point of the mixrure. The difference between the
melting points (which are about 178°C) is not greater than
2 'C.
B. Infrared absorption spectrophotometry (2.2.2f).

Comparison methylphenobarbital CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in mechylene chloride R and dilute to 10 mL with
the same solvent.

Reference solution Dissolve 10 mg of methylphenoborbiwl CRS
in methylene chloride R and dilute to 10 mL with the same
solvent.

Plaw TLC silica gel GFm plat< R.

Mobile phase concentrated ammonia R, emanol (96 percent) R,
methykne chloride R (5: 15:80 VIV/V); use the lower layer.

Application 10 ~L.

Deudopmenc Over 2/3 of the plate.

Detection Examine immediately in ultraviolet light at
254 om.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

D. To about 10 mg add 0.2 mL of sulfuric acidRand
0.1 mL of nitric acidR. Heat on a water-bath for 10 min.

andeneouoner

andenanliomer

NH,

H
r

o

ASSAY
Dissolve 0.250 g in 50 mL of emanol (96 per cent) R and add
5.0 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.20) using 0.1 M sodium hydroxide
and an electrode for non-aqueous acid-base titrations, Read
the volwne added between the 2 points of inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent to 26.98 mg of
C"H.oCINOa-

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities andior by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not neussary UJ idenufy these impurities for
demonstration of «»tIp/jona. See also 5.10. Control of impurities
in substances forpharmaceutical use) C, D, E, F.

H~C H

~ endenenucmer

((>o
N~ H

?' . N andenanliornet

I w·

'"

A. (2R5)-phenyl[(2R5)-piperidin-2-yl]acetic acid,

B. methyl (2R5)-phenyl[(2SR)-piperidin-2-yl]acetate,

C. (2R5)-2-phenyl-2-[(2R5)-piperidin-2-yl]acetamide,

D. (2R5)-2-phenyl-2-[(2SR)-piperidin-2-yl]acetamide,

E. ethyl (2R5)-phenyl[(2R5)-piperidin-2-yl]acetate,

F. (2R5)-2-phenyl-2-(pyridin-2-yl)acetamide.
____________________ PhEIl
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___________________ POE"

83-43-2374.5

Action and use
Glucocorticoid.

Preparation
Methylprednisolone Tablets

o

POE" ~ _

(ph. Bur. monograph 0561)

Methylprednisolone

dT
o ~yO

H3C I
NH

"\ 0

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 70 mL of ethand (96 per an') R and add
20 mL of water R. Stirwith a mechanical stirrer for about
30 min and sonicateto achieve complete dissolution. Titrate
with 0.1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M sodium hydroxide is equivalent to 24.63 mg of
C13Hl4N203-

IMPURITIES
Specified impurities A.

DEFINITION
II~,17,21-Trihydroxy-6~-methylpregna-I.4-diene-3,20­
dione.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Whire or almostwhite, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 percent), slightly soluble in acetone and in methylene
chloride.

A. 5-ethyl-5-phenylpyrimidine-2,4,6(IH,3H,5H)-trione
(phenobarbital).

Cool in iced water and add 5 mL of water Rand 5 mL of
strong sodium hydro.'dde solution R. Add 5 mL of aUlOTIe R,
shake and allow £0 stand. A dark-red colour develops in me
upper layer.

TESTS
Appearance of solution
The solution is clear(2.2.1) andnot more intensely coloured
than reference solution Y6 (2.2.2, MetlwdII).
Dissolve 1.0 g, with gentle heating, in a mixture of 4 mL of
dilute sodium hydroxide solution Rand 6 mL of water R.

Acidity
Boil 1.0 g with 50 mL of water R for 2 min) allow to cool
and filter. To 10 mL of the filtrate add 0.15 mL of melhylred
solution R. The solution is orange-yellow. Not more than
0.1 mL of 0.1 M sodium hydroxide is required to produce a
pure yellowcolour.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 mg of me substance to be
examined in 10.0 mL of methanol R and dilute to 50.0 mL
with the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference sdution (b) Dissolve 2 mg of phenobarl>ita/ CRS
(impurity A) in 1.0 mL of methanol R and dilute to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the test solution.
Column:
- size: I =0.25 m, 0 =4.6 mm;
- stasionaty phase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 pm).

Mobile phase Dissolve 6.60 g of sodium a«rareR in 900 mL
of waterR, add 3 mL ofglacial acetic acidR, adjust to pH 4.5
with glacial acetic acidR and dilute to 1000 mL with water R.
Mix 40 volumes of thissolutionwith 60 volumes of
methanol R.
Flow rare 1.0 mUmin.

Detection Spectrophotometer at 254 run.
lnjeaion 20 ~L.

Run time 3.5 times the retention time of
methylphenobarbital.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity A.
Relative retention Withreference to methylphenobarbital
(retention time = about 7 min): impurity A = about 0.7.
System suicahility Reference solution (b):
- resolution: minimum 5.0 between thepeaks due to

impurity A and methylphenobarbital,

Limits:
- impun·'Y A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- unspedjied impurities: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.1 0 per cent);

- total: not more than 1.4 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.7 per cent);
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Detection A Examine in ultraviolet light at 254 nm.
Results A The principal spot in each of the chromatograms
obtainedwith the test solutions is similar in position and size
£0 the principal spot in the chromatogram obtained with the
corresponding reference solution.
Detection B Spray with akoholi< solution of sulfuric acidRand
heat at 120 °C for 15 min. Allow to cool. Examine in
daylight and in ultraviolet light at 365 om.

Results B The principal spot in each of the chromatograms
obtained with the test solutions is similar in position, colour
in daylight, fluorescence in ultraviolet light at 365 runand
size to the principal spot ln. the chromatogram obtained with
the corresponding reference solution. The principal spot in
each of the chromatograms obtained withtest solution (b)
and reference solution (b) have an Rp value distincdyhigher
than thatof the principal spot in each of the chromatograms
obtainedwith test solution (a) and reference solution (a).
D. Add about 2 mg to 2 mL of sulfuric acidR and shake to
dissolve. Within 5 min) an intensered colour develops. When
examined in ultraviolet lightat 365 run) brownish-red
fluorescence is seen. Add this solution to 10 mLof waterR
and mix. The colourfadesand there is a yellowish-green
fluorescence in ultraviolet light at 365 run.

TESTS
Specific optical rotadon (2.2.7)
+ 97.0 to + 103.0 (dried substance).

Dissolve 0.250 g in ethanol (96 percen!l R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture phosphoric acidR) acetonitrile R, waterR
(0.1:50:50 VIVIV).

Test solution Dissolve 30.0 mg of the substance to be
examined in the solventmixture and dilute to 50.0 mL with
the solventmixture.
Reference solution (a) Dissolve 3 mg of methylprednisolone for
system suitability A CRS (containing impurities A, B, C, D, E,
F, G, Hand 1) in the solventmixture and dilute to 5.0 mL
with the solventmixture.
Reference solution (b) Dilute 1.0 rnL of the test solution to
100.0 mL with the solvent mixture.

Reference solution (c) Dissolve 30.0 mg of
methylprednisolone CRS in the solvent mixtureand dilute to
50.0 rnL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 == 4.6 mrn;
- stationary phase: end-eapped oaade<y/si/yl silica gelfor

chromatography R (3 prn);
- temperature: 45 °C.
Mobile phase:
- mobile phase A: phosphoric acid R, tetrahydrofuran R,

oce",nitrile R, water R (0.1:1.5:10:90 VIVIVIV);
- mobile phase B: phosphoric acidR, tetrahydrofuran R,

aceumitrile R (0.1:1.5:100 VIVIV);

Flow rate 1.5 rnUmin.

Deuction Spectrophotometer at 247 nm.

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A, B.
Second identification: C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylprednisolone CRS.

If me spectraobtainedin the solid state show differences,
dissolve the substance to he examined and the reference
substance separately in the minimumvolwne of aalOm R,
evaporate to dryness on a water-bath and record new spectra
using the residues.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (c).

C. Thin-layer chromatography (2.2.27).

Testsolution (a) Dissolve 10 mg of the substance to be
examined in methanol R and dilute to 2 mL with the same
solvent (solution A). Dilute 1 mL of solution A to 5 mL with
methylene chloride R.
Test solution (b) Transfer 0.4 rnL of solution A to a glass
tube 100 mm long and 20 mm in diameter and fitted with a
ground-glass stopperor a polytetraftuoroethylene cap and
evaporate the solvent withgentle heatingunder a stream of
nitmgen R. Add 2 mL of a 15 per cent VIV solution ofglacial
acetic acidR and 50 mg of sodium bismuthate R. Stopper the
tube and shake the suspensionin a mechanical shaker
protected from light for. I h. Add 2 rnL of a 15 per cent VIV
solution of glacial acetic acidR and filterinto a 50 mL
separating funnel, washing the filter with 2 quantities, each of
5 mL, of waterR. Shake the clear filtrate with 10 rnL of
methylene chloride R. Wash the organic layer with 5 rnL of
I M sodium hydroxide and 2 quantities, each of 5 mL, of
waterR. Dry over anhydrous sodium sulfate R.
Reference solution (a) Dissolve 10 mg of
methylprednisolone CRS in methanol R and dilute to 2 rnL with
the same solvent (solution B). Dilute J mL of solutionB to
5 mL with merhyleue chloride R.
Reference solution (b) Transfer 0.4 rnL of solution B to a
glass tube 100 rom long and 20 rom in diameter and fitted
with a ground-glass stopperor a polytetrafluoroethylene cap
and evaporate the solvent with gentle heating under a stream
of nitrogen R. Add 2 rnL of a 15 per cent VIV solution of
g1adal acetic acidRand 50 mg of sodium bismuthate R.
Stopper the tube and shake the suspension in a mechanical
shaker protected from light for I h. Add 2 rnL of a
15 per cent VIV solution of glacial atetU: addR and filter into
a 50 rnLseparating funnel, washing the filterwith
2 quantities, each of 5 mL, of waterR. Shake the clear
filtrate with 10 mL of methylene chloride R. Wash the organic
layer with 5 rnL of 1 M sodIum hydroxide and 2 quantities,
each of 5 ml., of waterR. Dry over anhydrous sodium
sulfau R.
Plate TLC silica gelFZ54 plateR.
Molnle phase butanol R saturated with water R, toluene R,
ether R (5:10:85 VIVIJI).
Applicatwn 5 ~L of test solution (a) and reference
solution (a), 10 ~L of test solution (b) and reference
solution (b), applying the latter 2 in small quantities in order
to obtain smallspots.
Development Over 3/4 of the plate.

Drying In air.

T=e
(mln)

0-14

14 - 30

Mobile phase A
(per cent VIl?

83

83 ..... 52

MobUe phese B
(per cent pm

17

17 ..... 48

www.webofpharma.com



II-282 Methylprednisolone 2022

o

and(Z)-Isomer

OH

o

o

Otherdelectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one orother of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for phannaceutica/ use (1034). It is
therefore not necessary to identify these impuruies for
demonstration of compHame. See also 5.10. Control of impun"tks
it. subscanus for pharmaceutical use) J, K, L.

A. 17,21-dihydroxy-6oc-methylpregna-I,4-diene-3,11,20­
trione,

B. II p, 17,21,21-tetrahydroxy-oo-methylpregna-I,4-diene­
3,ZQ-dione,

C. 11p-hydroxy-oo-methylandrosta-I,4-diene-3,17-dione,

D. (EZ)-IIP,20-dihydroxy-oo-methylpregna-I,4,17(20)­
triene~3,21-dione,

E. IIP-hydroxy-oo-methyl-3-oxoandrosta-I,4-<1iene-17p­
carboxylic acid,

Injection 10 J.1L of the test solution and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with methylprednisolone for SYSI£tn snitabi/ity A CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D, E, F, G, H
and 1.

Relative retention Withreference to methylprednisolone
(retention time = about 12 min): impurity B = about0.85;
impurity H = about 0.88; impurity A = about 0.92;
impurity F = about 1.1; impurities G and I = about 1.54;
impurity C =about 1.7; impurity E =about 1.9; impurity D
(isomer I) = about 2.10; impurity D (isomer 2) = about 2.2.

Systemsuitability Reference solution (a):
- resolution: minimum 1.7 between the peaks due to

impurity A and methylprednisolone;
- peak-to-<Jalley ratio: minimum 2.0, where H. = height

above the baseline of the peak due to impurity F and
H p = height above the baseline of the lowest point of the
curve separating this peak from the peakdue to
methylprednisolone.

Limits:
- impurity D: for the sum of the areas of the 2 isomer peaks,

not more than 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.5 per cent);

- impurity A: not more than 003 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- sum of impun·tie.s G and I: nor more than 0.3 times the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.3 per cent);

- impunolies B) H: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.2 per cent);

- impurities C) E) F: for each impurity) not more than
0.15 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- unspecified impurities: for each impurity) not more than
0.1 times the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(2.0 per cent);

- disregard limit: 0005 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Loss on drying (1.1.31)
Maximum 1.0 per cent, determined on 0.500 g by drying in
an oven at 105°C.

ASSAY
Liquid chromatography (1.1.19) as described in the test for
related substanceswith the following modification.
Injution Test solution and reference solution (c).
Calculate the percentage content of C22H3005 taking into
account the assigned content of methylprednisolone CRS.

STORAGE
Protectedfrom light, at a temperature of 2 °C to 8°C.

IMPURITIES
Specified impurities A) B, C, D) E) F, G, H, I.

www.webofpharma.com



2022 Methylprednisolone Acetate 11-283

53-36-1416.5

o

Action and use
Glucocorticoid.

Preparation
Melhylprednisolone Acetate Injection

(Ph. Bur. monograph 0933)

Methylprednisolone Acetate

"'Ell _

F. II ~,17,21-trihydroxy-6e<-methylpregn-4-ene-3,20-dione,

G. 17,21-dihydroxy-6e<-methylpregna-I,4,9(l1)-lriene-3,20­
dione,

o

o

K. II~,17,21-trihydroxypregna-I,4-diene-3,20-dione
(prednisolone),

J. II~,17-<lihydroxy-6e<-methyl-3,2D-dioxopregna-1,4-dien­
21-yl acetate (methylprednisolone acetate),

DEFINITION
II~,17-Dihydroxy-6e<-methyl-3,20-dioxopregna-I,4-dien-21­
yl acetate.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.
Solubility
Practically insoluble in water, sparingly soluble in acetone
and in ethanol (96 per cent).

It shows polymorphism (5.9).

IDEN1lFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylprednisolone ,",etate CRS.

H the spectra obtained in thesolid stateshowdifferences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of acetone R,
evaporate to dryness and record new spectra using the
residues.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with test solution (b) is similar in retention timeand size to
the principal peakin the chromatogram obtained with
reference solution (d).

TESTS
Specific optical rotation (2.2.7)
+ 107 to + 113 (dried substance).

Dissolve 0.250 g in ethanol (96 per<en!> R and dilute to
25.0 mL with the samesolvent.
Related substances
Liquid chromatography (2.2.29).

Buffersolurion Mix 20 mLof a 103 gIL solution of
hydrochlori< acidR, 50 mL of a 68 g/L solution of sodium
aceta.. Rand 150 mL ofa 37.3 g/L solution of potassium
chloride R and dilute to 1.0 L with water R.

Solvent mixture a<etJJnirrik R, buller solution (50:50 VIV).
Test solution (a) Dissolve 20.0 mg of the substance to be
examined in the solvent mixture anddilute to 20.0 mLwith
the solvent mixture.
Testrolution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with the solvent mixture.

o

H. I I~,17,21-trihydroxy-6Il-methylpregna-I,4-<1iene-3,20­
dione,

I. unknown structure,

L. 11~,17-<lihydroxy-6e<-methylpregna-I,4-diene-3,2(}'dione.
___________________ "'Ell
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Reference solution (a) Dissolve 5 mg of methylpredtlisoiane
acetate for system suitability CRS (containing impurities E, G
andnin the solventmixture and dilute to 5.0 mL with the
solvent mixture.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with me solvent mixture.
Reference solution (c) Dissolve the contents of a vial of
methylprednisolone acetare for peak icknrifiealion CRS
(impurities A and K) in 1.0 mL of the solvent mixture.

Reference solution (d) Dissolve 20.0 mg of methylprednisolone
acetare CRS in the solvent mixture and dilute to 20.0 mL
with the solvent mixture. Dilute 1.0 mL of the solution to
10.0 rnLwith the solventmixture.
Column:
- size: 1= 0.15 m, '" = 4.6 rnm;
- stationary phase: end-capped /Xradecylsi!YI siliea gelfor

chromawgraphy R (3.5 urn);
- temperature: 40 "C.
Mobile phase:
- mobile phaseA: acewnitrile R, warer for chromawgraphy R

(28:72 V/V);
- mobile phaseB: acetonirrile R;

Thne MobIle phase A Mobile phase B
(mIn) (per cent VIJI) (per cent VIJI)

0- 15 ., ,
15 - 25 95 -0 50 5 ~ 50

25 - 28 '0 '0

Flow rare 1.5 mllmin.

Detection Spectrophotometer at 254 nm.

Injection 20 JlL of test solution (a) and reference
solutions (a), (h) and (c).

Identification of impuriti<s Use the chromatogram supplied
with methylprednisolone acetare for sysrem suitability CRS and
the chromatogram obtainedwith reference solution (a) to
identify the peaksdue to impurities E, G andJ; use the
chromatogram supplied with methylprednisolone acetare for
peak identificalion CRS and the chromatogram obtained with
reference solution (c) to identify the peaksdue to
impurities A and K.
Relau've retention With reference to methylprednisolone
acetate (retention time = about 15 min):
impurity A = about 0.4; impurity E =about 0.6;
impurity J =about 0.9; impurity G =about I.l;
impurity K = about 1.2.

System suitability Reference solution (a):
- peak-UHJalky ratio: minimum 3.0, where Hp =height

above the baseline of the peak due to impurity G and
HfJ = height above the baselineof the lowest point of the
curveseparating this peakfrom the peak due to
methylprednisolone acetate.

Calculation of percentage canrents:
- for each impurity, use the concentration of

methylprednisolone acetate in reference solution (b).

Limits:
- impuniyJ: maximum 0.3 per cent,
- impurities A, G: for each impurity, maximwn 0.2 per cent;
- impurities EJ K: for each impurity, maximum

0.15 per cent;
- unspecified impun·tie5: for each impurity, maximum

0.10 per cent;
- total: maximum 1.0 per cent;

2022

- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Mobile phase acetonitrile R, warer for chromotography R
(32:68 VIV).

Injection Test solution (b) and reference solution (d).
Run time 1.5 times the retention time of
methylprednisolone acetate.
Retention time Methylprednisolone acetate =about 15 min.
Calculate the percentage content of C2,.f{3206 taking into
account the assigned contentof methylprednisolone
acetare CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impuriti<s A, E, G, J, K
Otherdereelable impurities (thefollowing substatlces would, If
present at a sufficien: level, bedetected by oneorother of the rests
in the monograph. They arelimited by thegeneral acceptance
cntetion for otherlunspedfied impun'ties and/or by thegeneral
monograph Substances for phormaceuti<aI use (2034). It is
therefore nOl neussary to identify these impuruies for
demonstration of compliance. See also 5.10. Control of impun'ti<s
in substanCtS for pharmaceutical use) BJ C, D, F, H, 1.

HO. H 0

CH3• 0-<"
"OH CH3

o
andepimer atC·

A. (20RS)-11 p,17,20-trihydroxy-6~-methyl-3-oxopregna-l ,4­
dien-21-yl acetate,

B. II p, 17,21-trihydroxy-oo-methylpregna-I,4-diene-3,20­
dione (methylprednisolone),

o

C. IIP,17-dihydroxy-oo-methylpregna-I,4-diene­
3,20,21-trlone,
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o o

D. II P-hydroxy-6a-methylpregna-l ,4-diene-3,20,21-trlone, J. IIp,17-dihydroxy-6p-methyl-3,20-dioxopregna-I,4-dien­
21-yl acetate,

E. II p,17-dihydroxy-3,20-dioxopregna-l,4-dien-21-yl acetate
(prednisolone acetate),

___________________ PhE"

o

Methylprednisolone Hydrogen
Succinate

K. 17-hydroxy-6a-methyl-3,11,20-trioxopregna-I,4-dien-21-yl
acetate.o

o-Z
CH,

o

F. oo-methyl-3,11,20-trioxopregna-l,4-dien-21-yl acetate, (Ph. Bur. monograph 1131)

o

1. II p,17-dihydroxy-oo-methylpregna-1 ,4-diene-3,2o-dione,

H. (EZ)-llll-hydroxy-oo-methyl-3-oxopregna-I,4,17(20)­
trien-2 J-yl acetate,

2921-57-5474.5

Acdon and use
Glucoconicoid.

DEFINlTION
4-[(11 P,17-Dihydroxy-oo-methyl-3,2o-dioxopregna-I,4-dien­
21-yl)oxy]-4-oxobu,anoic acid.

Content
97.5 per cent to 102.0 per cent (dried suhstance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.
Solubility
Practically insoluble in water, slightly soluble in acetone and
in anhydrous ethanol. It dissolves in dilute solutions of alkali
hydroxides.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison merhylprednisolone hydrogen succinate CRS.
B. Examine the chromatograms obtained in me assay.
Results The principal peak in the chromatogram obtained
with test solution (b) is similar in retention timeand size to

the principal peak in the chromatogram obtained with
reference solution (e).

PhE" _

and(Z)-Isornero

o

G. IIp,17-dihydroxy-oo-methyl-3,2o-dioxopregn-4-en-21-yl
acetate,
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TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.100 g in 5 mL of sodium hydrogen carbonate
solution R.
Specific optical rotation (2.2.1)
+ 97 to + 104 (dried substance).

Dissolve 0.250 g in ethanol (96 percenO R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 20.0 mg of the substance to be
examined in I mL of tetrahydrofuran R and dilute 10 20.0 mL
with the mobilephase.
Testsolution (b) Dilute 1.0 mL of lest solution (a) 10

10.0 mL with the mobile phase.

Reference solution (a) Dissolve 5 mg of methylprednisolone
hydrogen succinate for perJvmzanu testCRS (containing
impurity D) in 0.25 mL of telrahydrajuran Rand dilute to
5.0 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 5 mg of methylprednisolone
hydrogen succinate for peak identification CRS (containing
impurity F) in 0.25 mL of tetrahydrofuran R and dilute to
5.0 mL with the mobile phase.

Reference solution (d) Dissolve 5 mg of methylprednisokme R
(impurity A) in 0.25 mL of tetrahydrofuran R and dilute to
5.0 mL with the mobile phase.

Reference solution (e) Dissolve 20.0 mg of methylprednisolone
hydrogen succinate CRS in I mL of tetrahydrofuran Rand
dilute to 20.0 mL with the mobile phase. Dilute 1.0 mL of
the solution to 10.0 mL with the mobile phase.

Golumn:
- size: 1= 0.25 m, 0 = 4.6 nun;
- slationary phase: end-<:apped oc<ade<ylsilyl sili<a gelfor

chromawgraphy R (5 pm).

Mobile phase glacial acetic ada R, acetonitrile R, water R
(2:31:67 VIV/V).

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 run.
Injection 20 ~L of test solution (a) and reference
solutions (a), (h), (c) and (d).

Run time Twice the retentiontime of methylprednisolone
hydrogen succinate.
Identification of impurities Use the chromatogram supplied
with methylprednisolone hydrogen succinate forperformance
USt CRS and the chromatogram obtained with reference
solution (a) to identify the peak due to impurity D; use the
chromatogram supplied with methylprednisolone hydrogen
succinate forpeak identification CRS and the chromatogram
obtained with reference solution (c) to identify the peak due
to impurity F; use the chromatogram obtained with reference
solution (d) 10 identify the peak due to impurity A.

Relative retention With reference to methylprednisolone
hydrogen succinate (retention time = about21 min):
impurity A = about 0.5; impurity F = about0.9;
impurity D = about 1.1.

System suitability Reference solution (a):
- peak-wJ()al!ey ratio: minimum 4, whereHp = height above

the baseline of the peak due to impurity D and

2022

HI} = height above the baseline of the lowest point of the
curveseparating thispeakfrom the peakdue to
methylprednisolone hydrogen succinate.

Calculation of percentage e<mtents:
- for each impurity, use the concentration of

methylprednisolone hydrogen succinate in reference
solution (h).

Limits:
- impuniy A: maximum 0.3 percent,
- impun"ty F: maximum 0"2per cent;
- impurity D: maximum 0.15 percent;
- unspecified impurities: foreach impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent,

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by dryingin
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (e).
Calculate the percentage contentof C2Ji3408 taking into
account the assigned contentof methylprednisolone hydrogen
succinate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Spccifid impurities A, D, F.
Otherdeteclable impurisies (thefollowing subSlantes would, if
present at a sufficient level, bedetected by one orother of the tests
in the monograph. They are limited by thegeneral aecej>lance
criterion for other/unspecified impurities and/or by thegeneral
monograph SubSlantes for pharmaceutical use (2034). 1, is
therefore no' necessary W identify these impurities for
demonstration of compliance. See abo5.10. Control of impurities
in substances forphannaaun"cal use) BJ C, E, G.

A. IIp,17,21-trihydroxy-6«-methylpregna-I,4-<1iene-3,20­
dione (methylprednisolone),

o

B. 4-[(11 p,21-dihydroxy-6«-methyl-3,20-dioxopregna-I,4­
dien-17-yl)oxy]-4-oxobutanoic acid (methylprednisolone
17-(hydrogen succinate)),
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Methylpyrrolidone
(N-Methylpyrrolidone, Ph. Eur. monograph 1675)

871-51>-499.1

eli,,
(yo

C,H,NO
C. II p,17-dihydroxy-6G<-methyl-3,20-dioxopregna-1 ,4-dien­

21-yl acetate (methylprednisolone acetate),

o

F. 4-[(IIP,17-dihydroxy-6~methyl-3,20-dioxopregna-I,4­

dien-21-yl)oxy]-4-oxobutanoic acid,

E. 4-[(11 p,17-dihydroxy-3,20-dioxopregna-I,4-dien-21-yl)
oxy]-4-oxobutanoic acid,

DEFINITION
I-Methylpyrrolidin-2-one.

CHARACTERS
Appearance
Clear, colourless liquid.

Solubility
Misciblewith water andwith alcohol.

bp
About 204 'C.

Relative density
About 1.034.

Refractive index
About 1.469.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Films.
Comparison Ph. Eur. roference spectrum of N-merhylpyrrolidone.

TESTS
Appearance
The substance to be examined is clear(2.2.1) and colourless
(2.2.2, MethodII).

Alkalinity
Dissolve 50 mL of the substance to be examined in 50 mL
of water R previously adjusted with 0.02 M poklS,;um
hydroxUk or 0.02 M hydrochlori< aciduntil a yellow colour is
obtained using 0.5 mL of bromorhymol blue,0/ution Rl as
indicator. Titrate with 0.02 M hydrochlonc a<id 10 the initial
coloration. Not more than 8.0 mL of 0.02 M hydrochlori< acid
is required.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Test solution The substance to be examined.
Reference solucion To 1 mL of the substance to be examined,
add I mL of 2-pyrrolidone R and dilute to 20 mL with
methylene chloride R.

Column:
- material: fused silica,
- size; 1= 30 m, 0 = 0.32 mrn,
- stationary phase: methylpo/ysiloxane R (5 urn),

Carrier gas nitrogen for chromawgraphy R.
Linear velocity 20 crn/s.
Sp/i'ratio 1:100.

PhE" ~ _

o 0

~L",.L.{'...'OHO~
GO,H

o

o

D. 4-[(11 p, 17-dihydroxy-6G<-methyl-3,20-dioxopregn-4-en­
21-yl)oxy]-4-oxobutanoic acid (methylbydrocortisone
21-(bydrogen succinate»,

G. II p,17-dihydroxy-6G<-methylpregna-1 ,4-diene-3,2o-dione.
__~ PhE"

www.webofpharma.com



11-288 Methylrosanilinium Chloride 2022

Temperature:

COIUOUl

Injection port

Detector

Tim.
(mln)

o
0-23.3
23.3 . 53

Temperature
IC)
100

100 ~ 170
170

280

280

H. l-methylpyrrolidine-2,5-dione (N-methylsuccinimide),

H OH
~OH and enantiomer

H,C

Detection Flame ionisation.
lnje<tion 1 ~L.

System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

N-methylpyrrolidone and impurity G.

Limits:
- any impun"ty: maximum 0.1 per cent,
- tOUll: maximum 0.3 per cent,
- disregard limit: 0.02 per cent.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.000 g.

STORAGE
Protected from light.

IMPURITIES

1. (RS)-propane-I,2-diol (propylene glycol).
___________________ PhE«

Methylrosanilinium Chloride
(ph. Bur. monograph 1990)

A. methanamine (methylamine), 408.0 548-62-9

B. dihydrofuran-2(3H)-one (y-butyrolactone),

yH3
(N

y Ho'----(-. andenanliomer

C",

C. (3RS)-1,3-dimethylpyrrolidin-2-one.

andenanllomer

D. (4RS)-1,4-dimethylpyrrolidin-2-one,

CH,
H I

",C\N OV and enantiomer

E. (5RS)-1,5-dimethylpyrrolidin-2-one.

~ ~ .OH
HO' ~ ~

F. butane-l,4-diol,

G. pyrrolidin-2-one (2-pyrrolidone),

Action and use
Antiseptic dye (gentian violet).

PhE« _

DEFINITION
4-[Bis[4-(dimethylamino)phenyl]methylidene]-N,N­
dimethylcyclohexa-2,5-dien-I-iminiwn chloride (hexamethyl­
p-rosanilinium chloride). It is also known as crystal violetor
gentian violet.

Content
95.0 per cent to 103.0 per cent (anhydrous substance).

CHARACfERS
Appearance
Darkgreen, shiny powder,hygroscopic.

Solublllty
Sparingly soluble in water, freely soluble in ethanol
(96 per cent) and in methylenechloride.

IDENTIFICATION
First identification: A.

Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methy/rosanilinium chloride CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methanol R and dilute to 10 mL with thesame
solvent.
Reference solution Dissolve 10 mg of methylrosaniJinium
chloride CRS in methanol R and dilute to 10 mL with the
same solvent.
Plot< TLC silica gelG plot< R.
Mobile phose glaciol aceticacid R, waterR, butanol R
(17:17:66 VIVIV).

Applka.km 2 1'1-.
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Deudopmem Over 2/3 of the plate.

Drying In air.
Detection Examine in daylight.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtainedwith the
reference solution. In the chromatogram obtainedwith the
test solution,a secondary spot may be observed.
C. Dissolve 50 mg in wa"r R and dilute to 5 mL with the
same solvent; add 3 mL of dilute sulfuric acidR, 1 g of einc
powder R and heat gently. The mixture decolourises. Filter.
To 3 mL of the Iiltrate add 0.5 mL of ,a""r nitro"
solution R1. A white turbidity is produced which slowly forms
a dark, coagulating precipitate.

TESTS
N,N-DimethylanlIine (2.4.26, MethadA)
Maximum 100 ppm.

Test solutwn Dissolve in a ground-glass-stoppered tube
0.50 g of the substance to be examined in 30.0 mL of
water R. Add 1.0 mL of the internal standard solution.
Adjust the solution to 26-28 "C. Add 1.0 mL of 'trong sodium
hydroxide ,.Iution R and mix for 2 min. Add 2.0 mL of
tn"methylpenume R. Shake for 2 min and centrifuge. Use the
upper layer.
Reference sdution Dissolve 50.0 mg of N,N-dimethylanaine R
in 4.0 mL of 0.1 M hydrochlori< add and dilute to 50.0 mL
with waW R. Dilute 1.0 mL of this solution to 100.0 mL
with waterR. To 0.50 g of the substance to be examinedadd
5.0 mL of this solution and dilute to 30.0 mL with waW R.
Add 1.0 mL of the internal standard solution and 1.0 mL of
strong sodium hydroxide ,dution R. Add 2.0 mL of
lrimethy/[>enwne R. Shake for 2 min and centrifuge. Use the
upper layer.

Limit:
- calculate the ratio (R) of the area of the peak due to N,N­

dimethylaniline to the area of the peak due to the internal
standard from the chromatogram obtainedwith the
reference solution; from the chromatogram obtainedwith
the test solution, calculate theratio of the area of the peak
due to N,N-dimethylaniline to the area of the peak due to
the internal standard: this ratio is not greater than 0.5 R.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.
Test solution Dissolve 30.0 mg of the substance to be
examined in ethanol (96 percenr) R and dilute to 100.0 mL
with the same solvent.
Reference sdution (a) Dissolve 3 mg of merhylrosani/inium for
systemsuiwbilily CRS (containing impurities A and B) in
ethand (96 per cenr) R and dilute to 10.0 mL with the same
solvent.

Reference'dution (b) Dilute 1.0 mL of the test solution to
20.0 mL with ethanol (96 per unr) R. Dilute 1.0 mL of this
solution to 100.0 mL with ethanol (96 per cenr) R.

Coiumn:
- size: 1= 0.25 rn, 0 = 4.6 mm,
- stationary phase: spherical base-deactiuated end-eapped

tXty/si/yl ,aka gelfor chroma«Jgraphy R (5 pm),

Mobae phase glacial acetic acidR, waW for chromawgraphy R,
methanol R (10:190:800 VIVIII).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 589 om.
Injection 20 l'l-.

Methylrosanilinium Chloride 11-289

Run lime 2.5 times theretention time of
methyIrosaniliniwn.
ldentifiwtion 0/impurities Use the chromatogram supplied
with melhylrosanilinium for SYStem suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A and B.
Relative retention With reference to methylrosanilinium
(retention time = about 23 min): impurityA = about 0.71j
impurity B ~ about 0.85.

System suitability Reference solution (a):
- resofuu"on: minimum 1.5 between thepeaks due to

impurity Band methylrosanilinium.

Limits:
- impun"O' B: maximum 10.0 percent;
- imprnity A: maximum 1.0 percent;
- unspecified impurilies: for each impurity, maximum

0.10 percent;
- sumof impun'ties other than A and B: maximum

1,0 percent;
- reporting threshold: 0.05 per cent (peak due to

methylrosanilinium in the chromatogram obtained with
reference solution (b».

Substances insoluble In ethanol (90 per cent VII')
Maximwn 0.5 per cent.

In a conical flask introduce 1.0 g and add 50 mL of ethand
(90 percen' VIIQ R. Boil under a reflux condenserfor I h.
Filter the warm liquid through a weighed sintered glass
Iilter (16) (2.1.2) previously dried at 100-105 "C. Wash with
hot ethanol (90 percent VII-? R until a colourless filtrate is
obtained. Dry at 100-105 "C until constant weight.

Water (2.5.12)
Maximum 10.0 per cent, determined on 0.100 g,

Sulfated ash (2.4.14)
Maximwn 1.5 percent, determined OD 1.0 g.

ASSAY
Dissolve 50.0 mg in ethan.1 (96 per cenr) R and dilute to
100.0 mL with the same solvent. Dilute 2.0 mL of the
solution to 250.0 mL with ethand (96 per cenr) R. Measure
the absorbance (2.2.25) at the maximum at 589 nm.
Calculate the contentof C25H30CIN3 taking the specific
absorbance to be 2605"

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B.
A. unknown structure,

B. 4-[[4-(dimethylamino)phenyl] [4-(methylamino)phenyl]
methylidene]-N,N-dimethyICYclohexa-2,5-dien-l-iminium.

___________________ PIlE",
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PIlE" _

. DEFINITION
17/l-Hydroxy-17-methylandrost-4-en-3-one.

Content
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellowish-white, crystalline powder.

Solublllty
Practically insoluble in water, freely soluble in ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison mtlhyl",,,,,,,,,m. CRS.

TESTS
Specific optical rotation (2.2.7)
+ 79 to + 85 (dried substance).

Dissolve 0.250 g in .thanol (96 percent) R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 mg of the substance to be
examined.in methanol R and dilute to 100.0 mLwith the
same solvent.

Reference solution (a) Dilute 0.5 mL of the test solution to
100.0 mL with methand R.

Reference solution (b) Dissolve 5 mg of mtlhyl"''''sterone for
system suitability CRS (containing impurity A) in m"hanolR
and dilute to 10 mL with the same solvent.

Colmnn:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: end-capped ocuuJe<y/si1y1 silica gelfor

chromtlU!graphy R (5 urn).

MoM. phase:
- mobil.phase A: water R;
- moM. phase B: methanol R;

(Ph. Eur. monograph 0410)

Identification of impurities Use the chromatogram supplied
with methyltestosterone for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity A.

Relative retention Withreference to methyltestosterone
(retention time = about 8 rom): impurity A = about 1.5.
System suitability Reference solution (b):
- resolution: minimum 5 between the peaksdue to

methyltestosterone and impurity A.
Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- unspecified impun"ties: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained withreference solution (a)
(0.10 per cent);

- total: not more than twice me area of the principal peakin
the chromatogram obtained withreference solution (a)
(1.0 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.3Z)
Maximum 2.0 per cent, determined on 0.500 g by drying in
an oven at 105°C for 2 h.

ASSAY
Dissolve 50.0 mg in ethanol (96 percent) R and dilute to
50.0 mL with the same solvent. Dilute 10.0 mL of the
solution to 100.0 mL with ethanol (96 percen/) R. Dilute
10.0 mL of this solution to 100.0 mL with ethanol
(96 percent) R. Measure the absorbance (2.2.25) at the
absorption maximum at 241 run.
Calculate the content of C,oH'oO, taking the specific
absorbance to be 540.

STORAGE
Protected from light.

IMPURITIES
Specified impurirks A.

A. 17«-hydroxy-17-methylandrost-4-en-3-<>ne.
___________________ PIlE"

58-18-4

**** ** *
*****

302.5

CH, OH

o~~

Methyltestosterone

C,oHJOO,

Action and use
Anabolic steroid.

Time Mobile phase A MobUe phase B
(min) (per cent VIJ? (per cent V/I1
0- 15 30 70

IS - 45 30 -.. 0 70 -> 100

45 - 50 0 100

Flow rate 1.5 mUmin.
Deuction Spectrophotometer at 254 nm.

Injection 20 JiL.
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Methylthioninium Chloride Hydrate
Methylthioninium Chloride

(Ph. Bur. monograph 1132)

**** ** ** ****

Mob,lephase:
- mobile phaseA: 0.1 per cent VIVsolution of rnjfucroaatk

acidR;
- mobile phase B: acetonitrile for chromatography R;

Tbne Mobile phase A Mobile phase B
(miD) (per cent VIY) (per cent VIl')

0-5 80 ZO
5 - 25 80 ...... 30 20 ..... 70

25 - 32 30 70

PhEIr ~ ~ _

Action and use
Reducing agent; antidote to methaemoglobinaemia.

Preparation
Methylthioninium Injection

DEFINITION
3,7 -Bis(dimethylaD3ino)phenothiazin-5-ylium chloride
(methylene blue) hydrate.

Content
93.0 per cent to 102.0 per cent (dried substance).

It contains a variable quantity of water.

CHARACTERS
Appearance
Darkblue or dark green, hygroscopic, crystalline powderwith
a metallic sheen.

Solubility
Slightly soluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison methylthioninium chloride CRS.
B. Ignite 50 mg with 0.5 g of anhydrous sodium carb<>nate R.
Cool anddissolve the residue in 10 mL of dilute n;tn"c add R.
Filter. The filtrate, without further addition of dilute nitric
acid R, gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture aceronitrile R, mobile phase A (30:70 VIII).
Test solution Dissolve 50.0 mg of the substance to be
examined in the solventmixture anddilute to 50.0 mL wilh
the solventmixture. Sonicate for 5 min.
Reference solu.ion (a) Dissolve 50.0 mg of methylthioninjum
chloride CRS in the solvent mixture and dilute to 50.0 mL
with the solventmixture. Sonicate for 5 min.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture.

Reference solution (c) Dissolve 10 mg of methylthioninium for
system sujtaln1ity CRS (containing impurity A) in the solvent
mixture and dilute to 10 mLwith the solventmixture.
Reference solutian (d) Dilute 1.0 mL of reference
solution (b) to 10.0 mL with the solvent mixture.

Column:
- size: 1= 0.10 m, 0 =4.6 mID;
- stationary phase: end-capped ethylene-bridged phenylsilyl silica

gelfor chramaliJgraphy (hybrid materia/) R (3.5 urn);
- temperature: 30 "C.

Loss on drying (2.2.32)
8.0 per cent to 24.0 percent, determined on 1.000 g by
drying "in an oven at 105°C for 5 h.

Sulfated ash (2.4.14)
Maximum 0.25 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solutionand reference solution (a).

100
I

100
300
200

JO

10

I

'0
10

10

100

Maximum content (ppm)

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 246 nm.

Injection 5 ilL of the test solution and reference
solutions (b), (c) and (d).

ldentification of impurities Use the chromatogram supplied
with methyl.hioniniurn for system suitability CRS and the
chromatogram obtained with reference solution(c) to identify
the peak due to impurity A.
Relativeretention With reference to methylthioninium
(retention time =about II min): impurity A =about 0.8.

System suitability Reference solution (c):
- resolution: minimum 3.5 between the peaks due to

impurity A and methylthioninium.

Calculation of percentage contents:
- for impurity A, use the concentration of methylthioniniwn

chloride hydrate in reference solution (b);
- for impurities other thanA, use the concentration of

methylthioninlum chloride hydrate in reference
solution (d).

Limits:
- impw;ty A: maximum 5.0 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- sumof impun'ties other than A: maximum 0.5 per cent;
- reponing threshold: 0.05 per cent.

Elemental impurides
Any method that fulfils the requirements of general chapter
2.4.20. Determination of elemental impurities may be used.

Element

Aluminium
Cadmium

Chromium

Copper

Iron

Le,d

Manganese
M,nowy
Molybdenum

Nickel

Tin
Zinc

/22965-43-9C,oH18ClN,S,xHzO 319.9
(anhydrous substance)
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CHARACTERS
A white or almost white, crystalline or fine crystalline
powder, soluble in water, soluble in alcohol and in methylene
chloride.

IDENTIFICATION
A. Examine by infrared absorption spectrophotometry
(2.2.14), comparing with the spectrum obtained with metixene
hycIro<hloride GRS.
B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance or solution
Dissolve 0.40 g in methanol R and dilute to 20.0 mL with the
samesolvent. The solution is clear (2.2./) andnot more
intensely coloured thanreference solution Y6 (2.2.2,
MethodI).

pH (2.2.3)
Dissolve 0.18 g in carbon dioxide-free waler R heating if
necessary at about 50°C, cool and dilute to 10.0 mL with
the same solvent. The pH of the solution, measured
immediately) is 4.4 to 5.8.

Related substances
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelpia.. R. Cany ou' the rest rapidly and pro..aed
from light
Test soluuon Dissolve 50 mg of the substance to be
examined in methylene chioritk R and dilute to 5.0 mL with
the samesolvent.
Reference solution (a) Dissolve 5 mg of metixene
hydro<hloride CRS in methylene chloride R and dilute to
100.0 rnLwith the same solvent.
Reference solulion (b) Dissolve 20 mg of thioxamhene CRS in
50 mL of methylene chloride R. Dilute 1.0 mL of the solution
to 20.0 mL with methylene chloride R.
Reference solulion (c) Dissolve 5 mg of thioxanthon« CRS in
50 mL of methylene chloride R. Dilute 1.0 mL of the solution
to 20.0 mL with methylene chloride R.
Reference solu,ion (d) Dilute 4 mL of reference solution (a)
to 10.0 mL with methylene chloride R.

Apply to the plateas narrow bands 5 f.lL of eachsolution.
Develop overa pathof 10 cm usinga mixture of 10 volumes
ofglacial acetic acid R, 10 volumes of methanol R and
80 volumes of methylene chloride R. Dry the plate in a stream
of cold air. Spray with a mixture of 1 volume of sulfuric
acid Rand 9 volumes of a/cQhol R and heat at 100 'C for
10 min. Allow the plate to cool and examine in ultraviolet
tightat 365 om. Thioxanthene showsorange fluorescence
and thioxanthone showsgreenish-blue fluorescence.
Any bandcorresponding to thioxantbene in the ,
chromatogram obtained with the test solution is not'more
intense thanthe bandin the chromatogram obtained with
reference solution (b) (0.2 per cent); any band corresponding
to thioxanthone in the chromatogram obtained with the test
solution is not more intensethan the band in the
chromatogram obtained with reference solution (c)
(0.05 per cent); any band, apart from the principal band and
the bands corresponding to thioxanthene and thioxanthone,
is not moreintense thanthe band in the chromatogram
obtained with reference solution (a) (0.5 per cent) and at
most one,such bandis moreintense than the bandin the
chromatogram obtained withreference solution (d)
(0.2 per cent). The 'est is not valid unless the bands in the

hydrochloride, calculated with reference to the dried
substance.

708I-4().5

and enantiomer . Hel , HzO

363.9

B. 3-amino-7-(dimethylamino)phenothiazin-5-ylium
(azure A),

System suitability Reference solution (a):
- symmetry factor. maximum 3.0 for the principal peak.

Calculate the percentage content of ClJilSCIN3S taking into
account the assigned content of methylch;<m;n;um
chloride CRS.

STORAGE
In an airtight container, protected from light, at a
temperature not exceeding 30°C.

IMPURITIES
Spe<ified impurities A.
Otherderutable impuri,ies (thefollowing substances would, if
present at a sufficient level, he deuaed by one orother of the tests
in the monograph. They are limited by the general acceptance
cri..rion for other/unspecified impurities and/or by the general
monograph Substances for phamraceutical use (2034). I' is
therefore notnecessary 10 identify these impurities for
demonstration of compliance. See also 5.10. ConlTOl of impurities
in substances for phamraceutical use) B, C.

A. 3-(dimethylamino)-7-(methylamino)phenothiazin-5-ylium
(azure B),

(ph. Bur. monograph 1347)

Metixene Hydrochloride

C. 3-amino-7-(methylamino)phenothiazin-5-ylium (azure C).
____________________ PII£<I

Action and use
Anticholinergic.

C,oH"ClNS,H,O

DEFINITION
Metixene hydrochloride contains not less than 98.0 per cent
and not more than the equivalent of 102.0 per cent of (RS)­
l-methyl-3-(9H-thioxanthen-9-yl)methyl]piperldine

www.webofpharma.com
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Solubility
Practically insoluble in water, sparingly solubleor slightly
soluble in ethanol (96 per cent), slightly soluble in methylene
chloride.
It shows polymorphism (5.9).

IDENTIFICATION
First identification: A, B.
Second identification: AJ C.
A. Melting point (2.2.14): 145'C to 149 'C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison metoc/opramide CRS.

if the spectra obtained show differences, dissolve the
substance (0 be examined and the reference substance
separately in the minimum volume of methanol R, evaporate
to dryness at room temperature then heat at 50°C for about
1 h. Recordnew spectra using the residues.
C. Thin-layer chromatography (2.1.27) as described in the
test for impurity E with the following modifications.

Test solution Dissolve 40 mg of the substance to he
examined in methanol R and dilute to 10 mLwith the same
solvent.
Reference solution Dissolve 20 mg of meuxtopmmide CRS in
methanol R and dilute to 5 mL with the same solvent.
Deuaion Examine in ultraviolet light at 254 run then spray
with dimethylaminabenzaldehyde solution R1, allow 10 dry in air
and examine in daylight.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution.

TESTS
Appearance of solution
The fresWy prepared solution is clear (1.2.1) and not more
intensely colouredthan reference solutionY6 (2.2.2,
Method II).

Dissolve 2.5 g in 25 mL of a 103.0 gIL solution of
hydrochlori< acid R.

Impurity E
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.160 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.
Reference solution (a) Dissolve 20 mg of metodopramide CRS
and 10 mg of sulpiride CRS in memanol R and dilute to 5 mL
with the same solvent.
Reference solution (b) Dissolve 20 mg of N,N-diethylethane­
1,2-diamine R (impurity E) in memanal R and dilute to
50 mL with the same solvent. Dilute 2 mL of the solution to
25 mL with methanol R.
Plate TLC silica gelF", plateR.
lWobile phase concentrated ammonia R, dioxon R, methanol R,
methylene chloride R (2:10:14:90 VIVIVIl').

Applicatinn I0 ~L.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with dimemylaminobenza/dehyde salution RI,
allow to dry in airand examine in daylight.
Retardation factors Impurity E = about 0.2;
rnetocloprarnide = about 0.6.
System suitability Reference solution (a):
- the chromatogram shows 2 clearly separated spots.

364-62-5299.8

Action and use
Dopamine receptor antagonist; antiemetic.

chromatograms obtained with reference solutions (b) and (c)
are clearly visible and differentiated.

Loss on drying (2.2.32)
Not less than 4.0 per cent and not more than 6.0 per cent,
determined on 0.500 g by drying in an oven at 138-142 'C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 5.0 mL of 0.01 M
hydrochlori< acidand 50 mL of alcohol R. Carry out a
potentiometric titration (2.2.20), using O. [ M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 34.59 mg of
C,oH,.CINS.

STORAGE
Store protected from light.

IMPURITIES

Metoclopramide

___________________ PhE"

B. 9H-thioxanmen-9-one (thioxanthone).

·Qyo

8'0

A. 9H-thioxamhene,

(ph. Eur. monograph 1348)

DEFINITION
4-Amino-5-cWoro-N-[2-(diethylamino)ethyl)-2­
methoxybenzamide.

Content
99.0 per cent to 101.0 per cent (dried subsrance).

CHARACTERS
Appearance
Whiteor almostwhite, fine powder.

www.webofpharma.com
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Limit:
- impun"ty E: any spot due to impurity E in the

chromatogram obtained with the test solution is not more
intense than the corresponding spot in the chromatogram
obtained with reference solution (b) (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phaseB, mobile phase A
(5:95 VW).

Test solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mLwith
the solventmixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 10 mg of meloclopramide
impuriry A CRS in the solvent mixture and dilute to 100 mL
with the solvent mixture. Mix 1 mL of the solution with
0.1 mL of the test solution and dilute to 10 mL with the
solventmixture.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-<apped ethylene-bridged octadecylsilyl

silica gelfor chromawgraphy (lrybrid material) R (3.5 um);
- temperature: 37 °C.

Mobilephase:
- mobile phase A: 5 gIL solution of ammonium acetate R in

water for chromatography R adjusted to pH 7.0 with
ammonia R or acetic acid R;

- mobile phase B: aceronitri/e.R;

Tim. MobUe phase A MobUe phase B
(min) (per cent VIII) (per cent V/J?

0- 1.5 95 5

1.5 - 16.5 95 -+ 42.5 5 -+ 57';

Flow rate 0.9 mllmin.

Detection Spectrophotometer at 275 om.
I,ycction 5 IlL.
Idendfiauion of impuniies Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Re/ativeretention With reference to metoclopramide
(retention time =about 9 min): impurity A =about 0.9.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between thepeaks due to

impurity A and metoclopramide.
Calculation ofpercentage contents:
- Cor each impurity, use the concentration of

metoclopramide in reference solution (a).
Limits:
- unspedfied impun'ties: for each impurity, maximum

0.10 per cent;
- IOwl: maximum 0.2 per cent;
- reponing threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

2022

ASSAY
Dissolve 0.250 g in 50 mL of anhydrous acetic acidR and add
5 mL of acetic anhydride R. Titrate with 0.1 M perchlonc acid,
determining the end-point potentiometrically (2.2.20).
I mL of 0.1 M perchloric acidis equivalent to 29.98 mg
of CHH"CIN30,.

IMPURITIES
Specified impurities E.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one orother of the tests
in the monograph. They are limited I>y thegeneral acceptance
criterion for olherlunspecified impurities and/or by thegeneral
monograph Subswnces for pharmacentical use (2034). It is
therefore notnecessary to identify these impun'ties for
demonstration of compliance. See also 5.10. Control of impun'ties
in substances forpharmaceutical use) A, B, C, D, F, G, H.

A. 4-acetamido-5-chloro-N-[2-(diethylamino)ethyl]-2­
methoxybenzamide,

B. methyl4-acetamido-5-cWoro-2-merhoxybenzoate,

C. 4-amino-5-cWoro-2-methoxybenzoic acid,

D. methyl 4-aceramido-2-methoxybenzoate,

E. N,N-diethylethane-I,2-diamine,

F. 4-amino-5-chloro-N-[2-(diethylamino)ethyl]-2­
hydroxybenzamide,
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Test solution Dissolve 40 mg of the substance to be
examined in methanol R and dilute to 10 rnLwith the same
solvent.
Reference solution Dissolve 20 mg of metodopramide
hydrochloride CRS in methanol R and dilute to 5 mL with the
same solvent.
Detection Examine in ultraviolet lightat 254 nm then spray
with dimethylaminobenzaldehyde solution Rl, allow to dry In air
and examine in daylight.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in positionand size to the
principal spot in the chromatogram obtainedwith the
reference solution.
D. Dilute I mL of solution S to 2 mL with water R.
The solution gives reaction (a) of chlorides (2.3.1).
E. Dissolve about 2 mg in 2 mL of waterR. The solution
gives the reaction of primary aromatic amines (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
25 mL with me samesolvent.

Appearance of solution
Solution S is clear (Z.2.1) and colourless (Z.Z.Z, Method11).

impurity E
Thin-layer chromatography (Z.Z.Z7) .

Test solution Dissolve 0040 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.
Reference ,oIution Dissolve 10 mg of N,N-dkthy/ethane-l,Z­
diamine R (impurity E) in melhanal R and dilute to 50 mL
with the same solvent.
PkJte TLC silica gd F2s• pkJte R.
Mobile phase concentrated ammonia RJ dioxon R, methanol R,
methylene chloride R (2:10:14:90 VIVIVIV).

Application 5 ~L.

Development Over 2/3 of the plate.

Drying In air.
Deuaion Spray with dimethylaminobenzaldehyde solution Rl,
allow to dryin airandexamine in daylight.
Retardation faaors Impurity E =about 0.2;
metoclopramide = about0.6.
Limit:
- impun'ty B: any spot due to impurity E in the

chromatogram obtained with the test solution is not more
intense than the corresponding spot in the chromatogram
obtained with the reference solution (0.5 per cent).

Related substances
Liquid chromatography (Z.2.Z9).

So/vent mixture MobilephaseB, mobile phase A
(5:95 VIV).

Test solution Dissolve 24.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mLwith
the solventmixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 10 mg of meudopmmide
impurity A CRS in the solvent mixture and dilute to 100 mL
with the solvent mixture. Mix 1 mL of the solution with
0.1 mL of the test solution and dilute to 10 mL with the
solvent mixture.

54143-57-6

. He. . H~

354.3

DEFINITION
4-Amino-5-chloro-N-[2-(diethylamino)ethyl]-2­
methoxybenzamide hydrochloride monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrou••ubstance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor crystals.

Solubility
Verysoluble in water, freely soluble inethanol (96 per cent),
sparingly soluble in methylenechloride.

mp
About 183°C, with decomposition.

IDENTIFICATION
First identifirotion: A, B, D.
Second identification: A, C, D, E.
A. pH (Z.Z.3): 4.5 to 6.0 for solution S (see Tests),

B. Infrared absorption spectrophotometry (Z.Z.24).
Comparison metodopramide hydrochloride CRS.
C. Thin-layer chromatography (Z.Z.Z7) a. described in the
test for impurity E with the following modifications.

Action and use
Dopamine receptor antagonist; antiemetic.

Preparations
Metoclopramide Injection
Metoclopraroide Oral Solution

Metoclopraroide Tablets

____________________ l'hEII

H. 4-acetamido-2-hydroxybenzoic acid.

G.2-(4-amino-5-chloro-2-methoxybenzamido)-N,N­
diethylethan-I-amlne N-oxide,

Metoclopramide Hydrochloride
Monohydrate
Metoclopraroide Hydrochloride

(ph. Bur. monograph 0674)
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Column:
- size: 1= 0.15 ID, 0 = 4.6 nun;
- stationary phase: end-capped ethylene-bridged ocw.de<ylsi/yl

silica gelfor chromatography (hybridmoterial) R (3.5 prn);
- temperature: 37 "C.

Mob"e phase:
- mobile phase A: 5 gil solution of ammonium acetate R in

waterfor chromatography R adjusted to pH 7.0 with
ammonia R or acetic acid R;

- mobik phaseB: aceronioiJe R;

Time MobUephue A Mobile phase B
(mln) (per cent 11m (per cent VIJI)

0- 1.5 95 5

1.5 - 16.5 95 -+ 42.5 5 -0 57.5

Flow rate 0.9 mUmin.

Detection Spectrophotometer at 275 nm.

Inje<Mn 5 ~L
Idemifiamon0/impuritks Use the chromatogram obtained
with reference solution (b) to identify me peakdue [0

impurity A.
Relative retention Wirh reference to metoclopramide
(retention time = about 9 min): impurity A = about 0.9.

Systemsuila1n7ity Reference solution (b):
- resolution: minimum 2.0 between the peaksdue to

impurity A and metoclopramide.

Calculation of percenUlge rontents:
- for each impurity) use the concentration of

metoclopramide hydrochloride monohydrate in reference
solution (a).

Limits:
- unspecified impun"tits: for eachimpurity, maximwn

0.10 per cent,
- tocal: maximum 0.2 per cent,
- reporting th.-.shold: 0.05 per cent.

Water (2.5.J2)
4.5 per cent to 5.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.J4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 5.0 mL of O.OJ M
hydrochloric add and 50 mL of ,thanol (96 percent) R. Carry
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 33.63 mg of
C,,.l:!2,CIzN,02.

STORAGE
Protected from light.

IMPURITIES
Specified impurities E.
Otherdetectable impurities (thefolwwing subsUlnces would, if
p.-.sent at a sufficient level, bedetected by oneor OIher of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substancesfor pharmaceutical use (2034). It is
therefore not necessary to idennJy these impurities for
demonstration of compliance: Sa also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D, P, G, H.

A. 4-acetamido-5-cWoro-N-[2-(diethylamino)ethyl]-2­
methoxybenzamide,

B. methyl4-acetamido-5-chioro-2-methoxybenzoateJ

C. 4-amino-5-chloro-2-methoxybenzoic acid,

D. methyl 4-acetamido-2-methoxybenzoate,

E. N,N-diethylethane-I,2-diamine,

F. 4-amino-5-<:Woro-N-[2-(diethylamino)ethyl]-2­
hydroxybenzamide,

G.2-(4-amino-5-cWoro-2-methoxybenzamido)-N,N­
diethylethan-l-amine N-oxideJ

H. 4-acetamido-2-hydroxybenzoic acid.
____________________ PIIEII
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30
30 ---> 50

50

50 ---> 30

30

i\1obile phase B
(per cent VI1')

andenantiomer

70
70 ..... 50

50

50 ..... 70

70

Mobile phase A
(per cent VIP)

Time
(min)

0-5

5·25

25 ~ 35

35 - 38

38 - 48

Flow rare 1.5 mUmin.
Detection Spectrophotometer at 230 nm.
Inieuion 10 J1L of test solution (a) and reference
solutions (a) aod (b).

Identification of impun"eies Use the cluomatogram supplied
with mesdazone for sysrem suitabilit;y CRS and the
chromatogram obtained with reference solution (a) to
identify the peaksdue to impurities AJ B, C, D and E.

System suilability Reference solution (a):
- resolution: minimum J.6 between the peaksdue to

impurities E and C and minimum 1.5 between the peaks
due to impurities A and B.

Limits:
- impurities AJ BJ G,D, B: for each impurity, not more than

the area of the principal peakin the chromatogram
obtainedwith reference solution (b) (0.5 per cent);

- unspecified impurities: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent):

- total: not more thantwice the area of l:he principal peak in
the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit. 0.1 times the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substanceswith the following modification.
Injection Test solution (b) and reference solution (c).
Calculatethe percentage contentof CloH16CIN303S from
the declared contentof metdazone GRS.

STORAGE
Protected from light.

IMPURITIES
Spedfied impuritUs A, B, C, D, E.

A. (2RS)-7-chloro-2-methyl-3-(3-methylphenyl)-4-oxo­
l,2,3,4-tetrahydroquinazoline-6-suifonamideJ

andenanliomer

365.8

DEFINITION
(2RS)-7-Chloro-2-methyl-3-(2-methylphenyl)-4-oxo-l,2,3,4­
tetrahydroquinazoline-6-sulfonamide.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellowish, crystalline powder.

Solubility
Very slightly soluble in water, sparingly soluble in methanol,
slightly soluble in ethyl acetate, very slightly soluble in
methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison metolazone CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 30.0 mg of the substaoce to be
examined in methanol R and dilute to 10.0 mL with thesame
solvent.
Test solution (b) Dilute 2.0 mL of test solution (a) to
100.0 mL with methanol R.
Reference solution (a) Dissolve 3.0 mg of madaeonefor
sysrem suiUJbih'ty CRS (containing impurities A, B, CJ D
and E) in I mL of methanol R.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with methanol R. Dilute 5.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (c) Dissolve 30.0 mg of metdazone CRS in
methanol R and dilute to 10.0 mL with the same solvent.
Dilute 2.0 mL of this solution to 100.0 mL with methanol R.

Colmnn:
- size: I = 0.25 rn, 0 = 4.6 rom;
- stationary phase: ocrade<y/si!YI silica gelfor chromatography R

(5 J1Ill);
- temperature: 30°C.
Mobile phase:
- mobile phase A: 5.44 gIL solution of potassium dihydrogen

phosphate R;
- mobile phase B: methanol R;

(ph. Eur. monograph 1757)

Action and use
Thiazide-like diuretic.

Metolazone
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IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of mewprolof succinate.

TESTS
Solution S
Dissolve 0.500 g in carbon dioxUk-fre< waterR and dilute to
25.0 mL with the samesolvent.

Appearance of solution
Solution S is not more opalescent thanreference
suspension II (2.2.1) and is colourless (2.2.2, Method II).

pH (2.2.3)
7.0 to 7.6 for solutionS.

Impurities M, N, 0
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.50 g of the substance to be
examined in methanol Rand dilute to 10 mL with the same
solvent.
Reference solution Dilute 1 mL of the test solution to 50 mL
with methanol R. Dilute 5 mL of this solution to 50 mL with
methanol R.
Plate TLC micagelplateR.
Mobile phase Place2 beakers, eachcontaining 30 volumes
of concentrated ammonia R, at the bottom of a
chromatographic tankcontaining a mixture of 20 volumes of
methanol R and 80 volumes of ethylautate R.
Application I 0 ~L.

Deuelopment Over 2/3 of the plate in a tank saturated for at
least 1 h.

Drying In air for at least 3 h.

Detection Exposethe plateto iodinevapour for at least
15 h.
Limits:
- any impun"ty. anyspot, apart from the principal spot, is

not more intense thanthe spot in the chromatogram
obtainedwith the reference solution (0.2 per cent);

- disregard any spot on the line of application.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examinedin the mobilephaseand dilute to 10.0 mL with
the mobile phase.

Referenu solution (a) Dissolve 1.5 mg of mewprolol
impurityA GRS and 2.5 mg of the substance to be examined
in the mobile phase and dilute to 50.0 mL with the mobile
phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Golumn:
- size: 1= 0.15 m, 0 = 3.9 mrn;
- srationary phase: end-eapped oetad«y/silyl mica gelfor

chromamgrapitY R (5 1JIIl).

Mobile phase Dissolve3.9 g of ammonium acetate R in
810 mL of water R, add 2.0 mL of trietitYlamine R, 3.0 mL of
phosphoric acidR, 10.0 mL of glacial acetic acid Rand
146 mL of aceumilrile R and mix.

FWw rate 1 mlJrnin.
Detection Spectrophotometer at 280 om.
Injection 20 1'1-.
Run lime 3 times the retention timeof metoprolol,

98418-47-4

andenanliomef

653

Action and use
Beta-adrenoceptor antagonist.

(Ph. Eur. monograph 1448)

B. (2RSj-7-chloro-2-methyl-3-(4-methylphenyl)-4-oxo­
l,2,3,4-tetrahydroquinazoline-6-sulfonamide,

E. 2-amino-4-chloro-N-(2-ritethylphenyl)-5­
sulfamoylbenzamide.

Metoprolol Succinate

D.7-chloro-2-methyl-3-(2-methylphenyl)-4-oxo-3,4­
dihydroquinazoline-6-sulfonamide,

C. (2RSj-7-chloro-2-methyl-4-oxo-3-phenyll,2,3,4­
tetrahydroquinazoline-6-suJfonamide,

H'CDo a 0 ....,'''XX: IH,N'S ,p- I N #

CI ~ NACH
3

DEFINITION
Bis[(2RSj -1-[4-(2-methoxyethyl)phenoxy)-3-[( 1­
methylethyljaminojpropan-z-ol] butanedioate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubillty
Freely soluble in water, soluble in methanol, slightly soluble
in ethanol (96 per cent), very slightly soluble in ethyl acetate.

i- PhE/,I __-,- _
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Relative retention With reference to metoprolol (retention
time = about 7 min): impurityC = about 0.4;
impurity A =about 0.8.

System sm"tabiJity Reference solution (a):
- resolution: minimum 6.0 between the peaksdue to

impurity A and metoprolol.

Limits:
- correction !CUIOr. for the calculation of content, multiply the

peak area of impurity C by 0.1.;
- impurity C: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakinthe chromatogram obtained
with reference solution (b) (0.10 percent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent); disregard any peak due to succinic acid.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven-at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 40 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchioric acid, determining the end-point
potentiometrically (2.2.21}).
1 mL of 0.1 M perchloric acid is equivalent to 32.64 mg of
C,.,H,oN20 ,O.
STORAGE
Protected from light.

IMPURITIES
Specified impun·ties C, M, N, o.
Otherdeuaobte impuniies (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of the tests
in the monograph. They a~ limited by thegeneral acceptance
criterion for otherlunspecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
there/ore trot necessary to identify these impurities for
demonstration of complian<:e. See also 5.10. Control of impurities
in substances for phanmueutirol use) A, B~ D~ E, F, G, H, J.

A. (2RS)-I-(ethylamino)-3-[4-(2-methoxyethyl)
phenoxyjpropan-z-ol,

B. 4-(2-methoxyethyl)phenol,

MetoproloI Succinate 11-299

H pH H

D
O~N CH,

?" I Y andenanliomer

OHC ~ CH3

C. 4-[(2RS)-2-hydroxy-3-[ (l-methylethyl)amino]propoxy]
benzaldehyde,

H OH

~I
O~OH

and enanOOmer

H3CO

D. (2RS)-3-[4-(2-methoxyethyl)phenoxy]propane-l,2-diol,

H OH

ce:
~~ CH,

I Y andeoantlomer
~ CH3

OCH,

E. (2RS)-I-[2-(2-methoxyethyl)phenoxy]-3-[(I­
methylethyl)amino]propan-2-01,

H OH

()
O~~ CH,

I Y andenanuone-
~ CH3

F. (2RS)-I-[( I-methylethyl)amino]-3-phenoxypropan-2-01,

!""'y0H

HO~

G.2-(4-hydroxyphenyl)ethanol,

H OH

~
O~~yCH'v and9Il8nUomer

HO "'- CH,

H. (2RS)-I-[4-(2-hydroxyethyl)pbenoxy]-3-[(1­
methylethyl)amino]ptopan-2-o1,

J. mixture of the 4 stereoisomera of 1-[2-hydroxy-3-[(I­
methylethyl)amino]propoxy]-3-[4-(2-methoxyethyl)
phenoxy]propan-2-o1,

M.l,3-bis[(I-methylethyl)amino]propan-2-01,

H OH

HO~~ CH,Y andenantlomer
CH,

N. (2RS)-3-[(I-methylethyl)amino]propane-I,2-diol,

www.webofpharma.com
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O. mixture of the 3 stereoisomers of 1,1 '-[(l-methylethyl)
imino)bis[3-[4-(2-methoxyethyl)phenoxy)propan-2-01].

____________~ ~ PIlE"

Appearance of solution
Solution S is clear (2.2.1) andnot more intensely coloured
thanreference solutionBa (2.2.2) Method II).

pH (2.2.3)
6.0 ro 7.0 for solution S.

Specific optical rotation (2.2.7)
+ 7.0 to + 10.0 (dried substance), determined on solution S.

Impurities M, N, 0
Thin-layer chromarography (2.2.27).

Testsolution Dissolve 0.50 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.
Reference solution (a) Dilute I mL of the test solution to
20 mL with methanol R. Dilute 5 mL of this solution to
50 mL with methanol R.

Reference solution (b) Dilute 4 mL of reference solution (a>
ro 10 mL with metharwl R.
Plate TLC silica gel plate R.
Mobl1e phase Place 2 beakers) each containing 30 volumes
of concentrated ammonia RJ at the bottom of a
chromatographic tankcontaining a mixture of 20 volumes of
methanol R and 80 volumes of ethylacetate R.
Applicatwn 5~.

Development Over2/3 of the plate in a tank saturated for at
least I h.

Drying In air for at least 3 h.

Detection Expose the plate to iodinevapour for at least
15 h.
Limits:
- any impun"ty; any spot, apart from the principal spot, is

not more intense than the spot in the chromatogram
obtainedwithreference solution (a) (0.5 percent) and at
most I such spot is more intense thanthe spot in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

- disregard any SPOI on the line of application.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solutWn (a) Dissolve 1.5 mg of mewprolol
impurityA CRS and 2.5 mg of metoprolol rartrate CRS in the
mobile phase and dilute to 50.0 mL with the mobile phase.

Reference solutWn (b) Dilute 1.0 mL of the test solution (0
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL with the mobile phase.

Column:
- size: I =0.15 m, 0 =3.9 mm;
- statwnaryphase: end-copped ocradecylsilYl silica gelfor

chromaUJgraphy R (5 pm),

Mobile phase Dissolve 3.9 g of ammonium acetate R in
810 mL of waterR, add 2.0 ;rn. of triethylamine R, 3.0 mL of
phaspharic acid R, 10.0 mL of glacial acetic acidR and
146 mL of acetanitrile R and mix.
F/Qw rate I mUmin.
Detection Spectrophotometer at 280 nm.
Injection 20 ~L.

Run time 3 times the retention time of meroprolol.
Relative retention With reference to metoprolol (retention
time =about 7 min): impurity H =about 0.3;

56392-17-7685

(ph. Bur. monograph 1028)

C"H,oN,OI2

Action and use
Beta-adrenoceptorantagonist.

Preparations
Metoprolol Injection
Metoprolol Oral Suspension

MetoprololTartrate Prolonged-release Tablets

Metoprolol Tartrate Tablets

DEFINITION
Bis[(2RS)-I-[4-(2-methoxyethyl)phenoxy]-3- [(1­
methylethyhamincjpropan-z-of] (2R,3R)-2,3­
dihydroxybutanedioate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solub1l1ty
Very soluble in water, freely soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison metoprolol rartrate CRS.
If the spectra obtained in the solid stateshow differences,
record further spectra using discs prepared by placing 25 ~L

of a 100 WL solution in merhy/ene chloride R on a disc of
potassium bromide R and evaporating the solvent. Examine
immediately.

TESTS
Solution S
Dissolve 0.500 g in carbon dioxide-free waterR and dilute to
25.0 mL with the samesolvent.

H,CyCH,
H OH HO H

o V N V 0
~~~Y'iJ

Hco~ and enanliomef ~OC~
3 andepImer at C'

Metoprolol Tartrate
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impurity C = about 0.4; impuricy G = about 0.45;
impurity F = about 0.7; impurity A = about 0.8;
impurity J =about 1.4; impurity 0 =about 1.6;
impurity E = about 1.8; impurity B = about 2.

Systemsuitability Reference solution (a):
- resolution: minimum 6.0 between the peaks due to

impurity A and metoprclol.

Limits:
- correction fatter. for the calculation of content, multiply the

peak area of impurity C by 0.1;
- impuruies A, B, C, D, E, F, OJ H, J: for each impuriry,

not more than3 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.3 per cent);

- unspecified impun"ties: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- UJtaJ: not more than 5 times the area of the principal peak
in the chromatogram obtainedwith reference solution (b)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent); disregard any peak due to tartaric acid.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo over anhydrous calcium chloride R for 4 h.
Sulfuted ash (2.4.14)
Maximum 0,1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 30 mL of anhydrous acetic acidR. Titrate
with 0.1 M per<h/oric acid, determining the end-point
potentiometrically (2.2.211).

I mL of 0.1 M perch/otic acid is equivalent to 34.24 mg of

C,oH,oN20'2'

STORAGE
Protected from light.

IMPURITIES
Specified impun',ies A, B, C, D, E, F, 0, H, J, M, N, 0,

A. (2RS)-I-(ethylamino)-3-[4-(2-methoxyethyl)
phenoxyjpropan-z-ol,

B. 4-(2-methoxyethyl)phenol,

H OH

D
O~~yCH) andenanUomer

I CH
OHC ~ 3

C.4-[(2RS)-2-hydroxy-3-[(I-methylethyl)amino]
propoxy]benzaldehyde,

Metoprolol Tartrate II-301

D. (2RS)-3-[4-(2-methoxyethyl)phenoxy]propane-I,2-diol,

H OH

ce:
~~ CH,

I Y andenantiomer

~ OCH
3

c~

E. (2RS)-I-[2-(2-methoxyethyl)phenoxy)-3-[(1­
methylethyl)amino]propan-2-o1,

H OH

()
O~~ CH,

I Y andenantiomer
~ CH,

F. (2RS)-I-[(l-methylethyl)amino)-3-phenoxypropan-2-01,

r"'y0H
HO~

G.2-(4-hydroxyphenyl)ethanol,

H OH

~
o~~ CH,

I Y andenanllomer

HO ~ c~

H. (2RS)-I-[4-(2-hydroxyethyl)phenoxy]-3-[(1­
methylethyl)amino]propan-2-o1,

HOH HOH

r""Yo~O~~yCH,

~CO~ itsepimeralC~and CH3
Ihek enanllomers

J. mixture of the 4 stereoisomers of 1-[2-hydroxy-3-[(l­
methylethyl)amino)propoxy]-3-[4-(2-methoxyethyl)
phencxyjpropan-z-ol,

M.I,3-bis[(I-methylethyl)amino]propan-2-0I,

H 9H H
HO~N c~Y andenantlomer

CH,

N. (2RS)-3-[(I-methylethyl)amino]propane-I,2-diol,

H'CyCH'
HOH HOH

,r- O~N~O,r-

HCO~ andanan'omer ~OCH
3 and epener at C' 3

O. mixture of the 3 srereolsomers of 1,1 '-[(I-methylethyl)
imino)bis[3-[4-(2-methoxyethyl)phenoxy)propan-2-01).

____________________ PIIE<I
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r- ~OH
0,>1\ N

N"d

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase and dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of metronidazole
impurity A CRS in the mobile phase, add 10.0 mL of the test
solution and dilute to 100.0 mL with the mobile phase.
Dilute 1.0 mL to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, (2) = 4.6 mm,
- stationary phase: octadecylsi(yl silica gelfor chromaMgraphy R

(5 1IItl).

Mobile phase Mix 30 volumes of methanol Rand 70 volumes
of a 1.36 gIL solution of potassium dihydrogen phosphate R,
Flow rate I mllmin.

Deteaion Spectrophotometer at 315 run.
Injeaion I0 ~L.

Run time 3 times the retention time of metronidazole.

Relative retention With reference to metronidazole (retention
time = about 7 min): impurity A = about 0.7.

SystemsuitabIlity Reference solution (b):
- resolution: minimum of 2.0 between the peaks due to

metronidazole and to impurity A.
Limits:
- attY impw;ty: not more thanthe area of the principal peak

in me chromatogram obtained withreference solution (a)
(0.1 per cent),

- total: not more than twice the area of the principal peak in
me chromatogram obtained with reference solution (a)
(0.2 per cent),

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.01 per cent).

Loss on drying (2.2.32)
Maximum 0.5 percent) determined on 1.000 g by drying in
an oven at 105 "C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchlon·c acid, determining the end-point
potentiometrically (2.2.2U).

I mL of 0.1 M perchloric acidis equivalent to 17.12 mg of
CoH.N,O,.

STORAGE
Protected from light.

IMPURITIES

A. 2-methyl-4-nitroimidawle,

C. 2-(4-nitro-IH-imidazol-l-yl)ethanol,

B. 4-nitroimidazole,

'"* •• *• •'.,

443-48-1171.2

(Ph. Eur. monograph 0675)

Action and use
Imidazole antibacterial.

Preparations
Metronidazole Gel
Metronidazole Infusion
Metronidazole Suppositories
Metronidazole Tablets

Metronidazole

DEFINITION
2-(2-Methyl-5-nitro-IH-imidazol-I-yl)ethanol.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish, crystalline powder.

Solubility
Slightly soluble in water, in acetone, in alcohol and in
methylene chloride.

IDENTIFICATION
First identification: G.
Second identification: A, B, D.
A. Melting point (2.2.14): 159"C to 163 "C.

B. Dissolve 40.0 mg in 0.1 M hydrochloric acidand dilute to
100.0 mL with the same acid. Dilute 5.0 mL of the solution
to 100.0 mL with 0.1 M hydro<hloric acid. Examined between
230 nm and 350 nm (2.2.25), the solution shows an
absorption maximum at 277 nm and a minimum at 240 nm.
The specific absorbance at the maximum is 365 to 395.
C. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison metronidazole CRS.

D. To about 10 mg add about 10 mg of zincpowder R, I mL
of waterRand 0.25 mL of dilute hydrochloric acidR. Heat on
a water-bath for 5 min. Cool. The solution gives the reaction
of primary aromatic amines (2.3.1).

TESTS
Appearance of solution
The solution is not moreopalescentthanreference
suspensionII (2.2.1) and not more intensely coloured than
reference solution GY. (2.2.2, Method II).
Dissolve 1.0 g in I M hydro<hloric acidand dilute to 20 mL
with the same acid.
Related substances
Liquid chromatography (2.2.29). Prepare thesolutions protected
from light.
Testsolution Dissolve 0.05 g of the substance to be
exantined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

www.webofpharma.com
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20
20 ~ 45

45

Moblle phase B
(per cent VJJJ)

Time MobIle phase A
(min) (per cent YJ1I)

0-5 80

5-15 80~55

15 ·40 55

Test solution Dissolve 0.100 g in a 103 gILsolution of
hydrochloric acid R and dilute to 100.0 mL with the same
acid. Dilute 1.0 mL of the solution to 100.0 mL with a
103 gIL solution of hydrochloric acidR.
Spectral range 220-350 om.

Absorption maxima At 232 om and 275 om.

Specific absorbance at the absorption maximum at 232 urn
525 to 575.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of metronidazole
benzoate.

D. To about 10 mg add about 10 mg of zincpouderR, I mL
of waterRand 0.3 mL of hydrochloric acid R. Heat on a
water-bath for 5 min and cool. The solutiongives the
reaction of primary aromatic amines (2.3.1).

TESTS
Appearance of solution
The solutionis not moreopalescent than reference
suspension II (2.2.1) and not moreintensely coloured than
reference solution GY3 (2.2.2, Method11).

Dissolve 1.0 g in dimethylformamide R and dilute to 10 mL
withthe same solvent.

Acidity
Dissolve 2.0 g in a mixture of 20 mL of dimethylformamide R
and 20 mL of water R, previously neutralised with 0.02 M
hydrochloric acidor 0.02 M sodium hydroxide using 0.2 mL of
methylredsolution R. Not more than 0.25 mL of 0.02 M
sodium hydroxide is required to change the colourof the
indicator.
Related substances
liquid chromatography (2.2.29).

Solvent mixture Mobilephase B, mobile phaseA
(45:55 Vfl/).

Test solution Dissolve0.100 g of the substance to be
examined in the solvent mixture anddilute to 10.0 mL with
the solventmixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 5.0 mg of metronidazole CRS
(impurity A), 5.0 mg of metronidazole impurity A CRS
(impurity B) and 5.0 mg of benzoic acidCRS (impurity C) in
the solventmixture and dilute to 50.0 mL with the solvent
mixture. Dilute 1.0 mL of the solution to 10.0 mLwith the
solvent mixture.
Column:
- size: 1= 0.25 rn, 0 = 4.6 mm;
- stationary phase: spherical di-isobutylo<;tadecylsilyl saira gel

for chromaUJgraphy R (5 prn) with a specific surface area of
180 m2/gJ a poresize of 8 run and a carbon loading of
10 percent.

Mobae phase:
- mobile phaseA: 1.5 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.2 with phosphoric acidR;
- mobile phase B: acetonitrile R;

Flow ra,. 1.0 mllmin.

13182-89-3275.3

Action and use
Imidazole antibacterial.

Preparadon
Metronidazole Oral Suspension

(ph. Eur. monograph 0934)

____________________ PhE<6

G. 2-(2-methYI-5-nitro-IH-imidazol-l-yl)acetic acid.

o,N

t'N -<;C0:2H
N~

CH,

F. 2- [2-(2-methyl-5-ni tro-JH-imidazol-I-yl)ethoxy1ethanol,

Metronidazole Benzoate

E. 2-(2-methyl-4-nitro-1 H-imidazol-I-yl)ethanol,

r- ~OH
~N\ N

N~
CH,

D. 2-(5-nitro-IH-imidazol-l-yl)ethanol,

DEFINITION
2-(2- Methyl-5-nitrc-IH-imidazol-I-yl)ethyl benzoate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yeUowisb, crystalline powder or flakes.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, soluble in acetone, slightly soluble in alcohol.

IDENTIFICATION
First identification: c.
Second identification: A, B, D.
A. Melting point (2.2.14): 99°C to 102 °C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

PIIE« _
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Metyrapone

54-36-4226.3

"'" ,?"

Me Me ~

N

DEFINITION
Metyrapone is 2-methyl-I,2-di(3-pyridyl)-propan-I-one.
It containsnot less than 97.0% and not more than 103.0%
of C14H14N20) calculated with reference to the dried
substance.

Action and use
II-Beta-hydroxylase inhibitor; inhibition of the formation of
corticosteroids.

Preparadon
Metyrapone Capsules

CHARACTERISTICS
A white to light amber) crystalline powder.
Sparingly soluble in water; freely soluble in ethanol (96%).
It dissolves in dilute mineral acids.

IDENTIFICATION
A. The infrared absorption spearum, Appendix 11 A, is
concordant with reference spearum 1 of metyrapone (RS 230).

B. The ligh' absorption, Appendix II B, in the range 230 to
350 om of a 0.002% wlv solution in o.IM hydrochlori< acid
exhibits a maximumonly at 260 om. The absorbance at
260 om is about 1.0.

C. To 5 mL of a 1% wlv solution in 1Msulfinic acidadd
0.2 mL of potassium tetraiodomercurate solution. A cream
precipitate is produced.

TESTS
Melting point
50" to 53", Appendix V A.

Related substances
Carry out in subdued light the method for thin-layer
chromawgraphy) Appendix m A, using silica gelGF254 as the
coatingsubstance and a mixture of 90 volumes of propan-2­
o/, 5 volumes of 13.5M ammonia and 5 volumes of water as
the mobile phase. Apply separately to the plate 10~ of each
of two solutions of the substance beingexamined in
dichloromethane containing (I) 5.0% wlv and (2) 0.010% wlv.
Afterremoval of the plate) allowit to dryin airand examine
under ultraviokllight (254 nm). Any secondary spot in the
chromatogram obtainedwith solution (1) is not more intense
than the spot in the chromatogram obtained with
solution (2).

Loss on drying
When dried overphosphorus pemoxide at a pressure not
exceeding 0.7 kPafor 6 hours, loses not more than 0.5%of
its weight. Use I g.

Sulfated ash
Not more than 0.1%) Appendix IX A.

ASSAY
Carry out the following procedure protected from light.
Dissolve O.lg in sufficient o.IM hydrochloric add to produce
100 mL. Dilute 5 mL to 50 mL with o.IM hydrochloric acid
and dilute 5 mL of this solution to 50 mL with o.lM

o,N

fN~ON
N=(

cH,

r""'YCo,H

V

Detection Spectrophotometer at 235 nrn.
Injection 10 IlL.
Relative retention With reference to metronidazole benzoate
(retention time = about 20 min): impurity B = about 0.17j
impurity A =about 0.20; impurity C =about 0.7.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities A and B.

Limits:
- impurities A, B, C: for each impurity, not more than the

area of the corresponding peak in the chromatogram
obtainedwith reference solution (b) (0.1 per cent);

- any other impuniy: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent);

- total: not more thantwice the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.2 per cent);

- disregard limir. 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.01 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 80°C for 3 h.

Sulfated ash (2.4.14)
Maximum0.1 per cent)determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1M perch/on'c acid, determining the end-point
potentiometrically (2.2.20). .

I mL of 0.1M perchlori< acid is equivalent to 27.53 mg of
C.,!f13N 30 •.

STORAGE
Protected from light.

IMPURITIES
Specified impuri'ies A, B, G.

A. 2-(2-methyl-5-nitro-IH-imidazol-I-yl)ethanol
(metronidazole),

C. benzenecarboxylic acid (benzoic acid).

B. 2-methyl-4-nitroimidazole,

____________________ PhEut
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PhE" _

hydrochloric acid. .Measure the absorbam:e of the resulting
solution at the maximum at 260 nm, Appendix Il B.
Calculate the content of Cl4HI4NzO taking 500 as the value
of A(I %, I em) at the maximum at 260 om.

STORAGE
Metyrapone should be protected from light.

Test solution Dissolve 0.200 g of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
me solvent mixture.

Reference solUlwn (0) Dissolve 5.0 mg of mexilerine
impurityD CRS in the solvent mixture and dilute to 25.0 mL
with the solvent mixture.
Reference solutum (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the solvent mixture.
Reference solution (c) Mix I mL of reference solution (a)
and I mL of the test solution and dilute to 10 mL with the
solvent mixture.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped ethylene-bridged octadecylsilyl

silka gelfor chromawgraphy (hybrid materiaQ R (5 urn};
- temperaUlre: 40 "C.

Mobilephase acetonitrile R, buffer solution (18:82 VIII);
adjust to pH 11.5 with trielhy1amine R.
Flow rate 2.0 rnUmin.

Deteaion Spectrophotometer at 262 run.

InjectUm 30 J1L of the test solution and reference
solutions (b) and (c).

Run time Twice the retention timeof mexiletine.
Identification of impun·ties Use the chromatogram obtained
with reference solution (b) to identifiy the peakdue to

impurity D.

Relative retention Withreference to mexiletine (retention
time =about 26 min): impurity D =about 0.9.

SystemsU1·tability Reference solution (c):
- resolution: minimum 1.5 between the peaksdue to

impurity D and mexiletine.

Calculation ofpercenrage concenr.
- for impurity D, use the concentration of impurity D in

reference solution (b).

limit:
- ;mpun·ty D: maximum 0.10 per cent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.200 g of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the lest solution to
10.0 mL with the mobile phase.

Reference solution (b) Dissolve 2.0 mg of mexiletine
impun·ty C CRS in themobile phaseand transfer the solution
quantitatively to a volumetric flask containing 16.0 mg of
mexiletine impurityA CRS, then dilute to 20.0 mL with the
mobile phase. Mix 1.0 mL of this solution with 2.0 rnL of
reference solution (a) and dilute the mixture to 100.0 mL
with the mobile phase.
Column:
- size: I -= 0.25 m, 0 -= 4.6 mrn;
- stationary phase: end-capped octadecy1sl1yl silica gelfor

chromatography R (5 pm).

Mobile phase Mix 65 volumes of methanolR2 and
35 volumes of a solution prepared as follows: dissolve 11.5 g
of anhydrous sodium acetate R in 500 mL of waterfor
chromatography R, add 3.2 rnL of glacial acetic acidR, mix
and allow to cool; adjust to pH 4.8 with glacial acetic acidR
and dilute to 1000 mL with waterfor chromawgraphy R.

Flow rate 1.0 rnUmin.

Detection Spectrophotometer at 262 run.

**** ** ** ****

5371).0/-4

. Hel

215.7

(Ph. Bur. monograph 1029)

Action and use
Class I antiarrhythmic.

Preparation
Mexiletine Capsules

Mexiletine Hydrochloride

DEFINITION
(2RSJ-I-(2,6-Dimethylphenoxy)propan-2-amine
hydrochloride.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freelysoluble inwater and in methanol, sparingly soluble in
methylenechloride.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mexiJetine hydrochloride CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and me reference
substance separately in methanolR, evaporate to dryness and
record new spectra using the residues.
B. Dilute 1.5 mL of solution S (see Tests) to 15 mL with
water R. The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.0 g in carbon dioxide-free water R and dilute to
20 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MezhodIf).

Dilute 5 mL of solution S 10 10 mL with waterR.

pH (2.2.3)
4.0 to 5.5 for solution S.

Impurity D Liquid chromatography (2.2.29)
Buffer solution To 1790 mL of waterfor chromawgraphy R
add 15 mL of triethylamine Rand 1 mL of glacial acdc
acid R.
Solvent mixture acewnitrile R, waterR (20:80 VIII).
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II-306 Mianserin Hydrochloride 2022

21535-47-7300.8

(Ph. Eur. monograph 0846)

Action and use
Monoamine reuptake inhibitor; tetracyclic antidepressant.

Preparadon
Mianserin Tablets

Mianserin Hydrochloride

_~ PhE"

D. (2RS)-2-(2,6-dimethylphenoxy)propan-I-amine.

C. 1,1'-[(3,3',5,5'-tetramethyl[I,1 '-biphenyl]-4,4'-diyl)bis
(oxy»)di(propan-2-amine),

DEFINITION
(14bRS)-2-Methyl-I,2,3,4,10,14b-hexabydtodibenzo[cJ]
pyrazino[I,2-a)azepine hydrochloride.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white) crystalline powderor crystals.

Solubility
Sparingly soluble in water and in methylene chloride, slightly
soluble in ethanol (96 pet cent).

IDENfIFICATION
First Uknnjication: B, D.
Second idemificadon: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg in water R and dilute to
50.0 mL with the same solvent. Dilute 5.0 mL of the
solution to 50.0 mL with water R.
Spectral range 230-350 nm.
Absorption maximum At 219 nm.
Specific absorbance at the absorption maximum 64 to 72.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison mianserin hydrochloride CRS.

PhE>, _

Injection 20 ~L.

Run time 5.5 times the retention time of mexiletine.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaksdue to

impurities A and C.
Relative retention With reference to mexiletine (retention
time = about 4 min): impurity C = about 0.7;
impurity A =about 1.8.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity C and mexiletine.
Limiu:
- impurity A: not more than 2.5 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (0.10 per cent);

- impurity C: not more than 20 times the area of the
corresponding peak in the chromatogram obtainedwith
reference solution (b) (0.10 per cent);

- unspedfied impurities: for each impurity, not morethan
0.5 times the area of the peakdue to mexiletine in the
chromatogram obtainedwith reference solution (b)
(0.10 pet cent);

- rotal: not more than 2.5 times the area of the peakdue to
mexiletine in the chromatogram obtained with reference
solution (b) (0.5 per cent);

- disregard limir. 0.25 times the area of the peak due to
mexiletine in the chromatogram obtained with reference
solution (b) (0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent) determined on 1.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 50 mL of a mixture of equal volumes of
acetic anhydn"de R and anhydrous acetic acidR. Titrate
immediately with 0.1 M perc!rlcric acid, detennining the
end-point potentiometrically (2.2.21f) and completing the
titration within 2 min.
I mL of 0.1 M perchloric acid is equivalent to 21.51 mg
of C IlH18CINO.

IMPURITIES
Specified impurities A, C, D.
Other deuaable impurities (thefollowing substances would, if
present at a suffident level, bedetuted by one orother of the tesrs
in themonograph. They arelimited by thegeneral acceptanu
criterion for other/unspecified impm;tia and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these impurities for
demonstration of romp/ia""e. See abo5.10. Control of impurities
in substances for pharmaceutical use) B.

A. 2,6-dimethylphenol,

B. 1-(2,6-dimethylphenoxy)propan-2-one,
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If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol RJ evaporate to dryness and
record new spectra using the residues.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methylene chloride R and dilute to 5 mL with the
same solvent.

Reference so/mum (a) Dissolve 10 mg of miansetin
hydrochloride GRS in methylene chloride Rand dilute 10 5 mL
with the same solvent.

Reference solution (b) Dissolve 10 mg of miansetin
hydrochloride GRS and 10 mg of cyproheptadine
hydrochloride GRS in methylene chloride Rand dilute to 5 mL
with the same solvent.

Plat< TLG silica gelGF254 plat< R.
Mobile phase diethylamine R, etherR, cyclohexane R
(5:20:75 VIVIV).

Application 2 ~L.

Deoelopmem Over 2/3 of the plate.

Detection Examine in ultraviolet light at 254 om.

System suitability Reference solution (b):
-the chromatogram shows 2 clearlyseparated principal

spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

D. It gives reaction (a) of chlorides (1.3.1).

TESTS
pH (2.2.3)
4.0 to 5.5.

Dissolve 0.10 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Buffersolution pH 3.0 Dissolve 5.0 g of sodium
octanesulfonat< R in water R and dilute to 350 mL with the
same solvent. Stir until complete dissolution. Adjust to
pH 3.0 with a mixture of I volume of phosphoric acidRand
3 volumes of waterR. Dilute to 400 mL with waterR.
Test solution Dissolve 25 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference soluticn (b) Dissolve the contents of a vial of
mianserin forsystem suitability CRS (containing impurities A,
D and E) in 1.0 mL of the mobile phase.

Reference solution (c) Dissolve 5.0 mg of miansetin
impurityB GRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 1.0 mL of this solution to
100.0 mL with the mobile phase.

Golumn:
- size: I;;;; 0.15 m, 0 =3"9 nun;
- stationary phase: end-eapped oCiylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase Buffer solution pH 3.0, methanol R
(37:63 VIV).

Flow rate 0.5 mUmin.

Mianserin Hydrochloride II-307

Detection Spectrophotometer at 250 om.

lnje<tion 10~.

Run time Twice the retention time of mianserin.

ldenrijication of impurities Use the chromatogram supplied
with mianserm for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, D and E.

Relative retention With reference to mianserin (retention
time =about 18 min): impurity B =about 0.2;
impurity A = about 0.5; impurity D = about 0.7;
impurity E = about I.I.
Systemsuitability Reference solution (b):
- peak-to-vaJley ratio: minimum 4.0, where Hp = height

above the baseline of the peak due to impurity E and
H" = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
mianserin.

Limits:
- correaion factor. for the calculation of content, multiply the

peak areas of the following impurities by the
corresponding correction factor: impurity A =2.4;
impurity D = 2.1;

- impun"cy B: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.3 per cent);

- impun"ties A, D, E: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- IOtal: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent),

Loss on drying (2.2.31)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 65 °C at a pressure not exceeding 0.7 kPa for 3 h.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 5.0 mL of 0.01 M
hydrochloric acidand 50 mL of ethanol (96 percent) R. Carry
out a potentiometric titration (2.2.20)) using o. J M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

I mL of 0.1 M sodium hydroxide is equivalent to 30.08 mg of
C1sH2I CIN,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, D, E.

Otherdetectable impurities (the following substances would, if
present at a suffia"ent level, bedetected by oneor otherof the tests
in the monograph. They are Iimited by thegenerol acceptance
ctitenon for otherlunspe<ified impurities andlor by thegeneral
monograph Substances for phannoceuticol use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See olso 5.10. Gontrol of impurities
it, subseanas for pharmaceutical use) C, F.
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2191647-8

andenanliomer

416.1

Action and use
Antifungal azole.

Preparations
Miconazole Oromucosal Gel
Miconazole Eye Drops

1'1I£" _

Miconazole
(Ph. Bur. monograph 0935)

DEFINITION
1-[(2RS)-2-(2,4-Dichlorophenyl)-2-[[(2,4-dichlorophenyl)
methyl]oxy]ethyl]-IH-imidazole.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whhe or almostwhitepowder.

Solubillty
Very slightly soluble in water, freely soluble in methanol,
soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENfIFICATlON
First identification: A, B.
Second idemijieatUm: C, D.
A. Melting point (2.2.14): 83"C to 87 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison miconazo1e CRS.
C. Melting point (2.2.14).

Determination A Determine the meltingpoint of the
substance to be examined.
Result A 83"C to 87 "C.

Determination B Mix equal parts of the substance to be
examined andmiconazde CRS, and determine themelting
point of the mixture.
Result B The absolutedifference between the meltingpoint
of the mixture and the value obtained in detennination A is
not greater than 2°C.
D. To 30 mg in a porcelain crucible add 0.3 g of anhydrous
sodium carbonate R. Heat over an open flame for 10 min.
Allow to cool. Take up the residue with 5 mL of dl1u.. nini<
acidR and filter. To I mL of the filtrate add I mL of
waterR. The solution gives reaction (a) of chlorides (2.3./).

TESTS
Solution S
Dissolve 0.1 g in methanol R and dilute to 10 mL with the
same solvent.

andenanliomer

andenantiomer

B. (14bRS)-2-methyl-I,2,3,4,10,14b-hexahydrodibenzo[c,/J
pyrazino[I,2-a]azepine-8-sulfonic acid,

A. [2-[(2RS)-4-methyl-2-phenylpiperazin-l-yl]
phenyl]methanol,

C. (2-aminophenyl)methanol,

D. [2-[(2RS)-4-benzyl-2-phenylpiperazin-l-yl]phenyl]
methanol,

E. (14bRS)-1 ,2,3,4, I0, 14b-hexahydrodibenzo[c,/Jpyrazino
[1,2-a]azepine,

F. (14bRS)-2-benzyl-I,2,3,4,IO,14b-hexahydrodibenzo[c,/J
pyrazino[I ,2-a1azepine.

____________________ 1'1I£"
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andeoantcmer

A. (IRS)-I-(2,4-dichlorophenyl)-2-(IH-imidazol-l-yl)ethan­
1-01,

andenantiomer

andenantiomer

~~'
H • andenantiomer

~o~
CI~Cl NH2

STORAGE
Protected from light.

IMPURITffiS
Specified impurities A, B) C, D, E, F, G.
Otherdetectable impurities (the following mbsrane<s wauld, if
present at a sufficient level, be detected by oneor other of the tests

in the monograph. They are limited by thegeneral acceptance
ctitetion for olherlunspecified impurities and/or by me general
monagraph Substane<s far pharmaceutical use (2034). I. is
therefore not neassary to identiJY these impun·ties for
demonstration af compliance. See also 5.10. Contra! of impurities
in substances for phannaceutkal use) H, I.

B. 1-[(2RS)-2- [[(4-chlorophenyl)methyl]oxy]-2-(2,4­
dichlorophenyl)ethyl]-IH-imidazole (econazole),

C. (2RS)-2-(2,4-dichlorophenyl)-2-[[(2,4-dichlorophenyl)
methyl]oxy]ethan-l-amine,

D.I-[(2RS)-2-(2,4-dichlorophenyl)-2-[[(2,6-dichlorophenyl)
methyljoxyjethylj-Iff-imidazole (isoconazole),

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method II).
Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution To 0.100 g of the substance to be examined
add 3.0 mL of a«roninik R and 3.2 mL of me/hanalR and
shake until complete dissolution. Further dilute to 10.0 mL
with a 15.8 gILsolutionof ammonium acerate R.
Reference solution (a) Dissolve 2.5 mg of miconasole CRS
and 2.5 mg of econazole nitrate CRS in the mobile phase and
dilute to 100 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 20.0 mL with the mobile phase.

Column:
- size: I;;;:; 0.10 m, 0 = 4.601ln;
- stationary phase: end-capped ocradecylsiIYI silica gelfar

chramarography R (3 pm),

Mobile phase Dissolve 6.0 g of ammonium acetate R in a
mixture of 300 mL of acetonitrile far chramarography R,
320 mL of methanol Rl and 380 mL of waterfar
chromatography R.

Flow rate 2 mllmin.

Detection Spectrophotometer at 235 nm,

Equilibration With the mobile phase for about 30 min.

Injection I0 ul.,
Run time 1.2 times the retention time of miconazole.
Retention time Econazole = about 10 min;
miconazole = about 20 min.
System suitability Reference solution (a):
- resolution: minimum 10 between the peaks due to

econazoleand miconazole; if necessary, adjust the
composition of me mobile phase.

Limits:
- impuniies A, B, C, D, E)P, G: for each impurity) not

more than the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.25 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.5 per cent);

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of a mixture of 1 volume of
anhydrous acetic acid Rand 7 volumes of methyl ethyl ketone R.
Using 0.2 mL of naphtholbenzein solution R as indicator,
titrate with 0.1 M perchloric acid until the colour changes
from orange-yellow to green.
1 mL of 0.1 M perchloric acid is equivalent to 41.61 mg
of C1sHI<Cl,N20.
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andenanliomer

E. 2-[ 1- [(2RS)-2-(2,4-dicWorophenyl)-2- [[(2,4­
dicWorophenyl)methyl]oxy]ethyl]-IH-imidarol-3-ium-3­
yl]-2-methylpropanoate,

Miconazole Nitrate
(Ph. Eur. monograph 05/1)

CI~'

~o~
M~, N

CI CI Cd
N

479.1

andenanUomer • HN~

22832-87-7

and9Ranliomer

Action and use
Antifungal azole.

Preparadons
Miconazole Cream
Miconazole and Hydrocortisone Cream
Miconazole and Hydrocortisone Acetate Cream
MiconazoJe and Hydrocortisone Ointment

__________________~ PhE...

I. 1-[(2RS)-2-[[(2-chlorophenyl)methyl]oxy]-2-(2,4­
dicWorophenyl)ethyll-IH-imidazole.

DEFINITION
1- [(2RS)-2-(2,4-Dichlorophenyl)-2-[[(2,4-<1icWorophenyl)
methyl]oxy]ethyl]-IH-imidazole nitrate.

Content
99.0 per cent to 101.0 per cem (dried substance).

CHARACTERS
Appearance
Whiteor almost white powder.

Solubility
Very slightly soluble in water. sparingly soluble in methanol,
slightly soluble in ethanol (96 per cent).

IDENTIFICATION
Fin' identification: A, B.
Second idenlification: C, D.
A. Melring point (2.2.14): 178·C to 184 ·C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison miconazole nitrate CRS.
C. Meiring point (2.2.14).

Detmnination A Determine the melting pointof the
substance to be examined.
Resul' A 178·C to 184 ·C.

Determination B Mixequal parts of the substance to be
examined and miamazole nitrate CRS, and determine the
melring point of the mixture.

Resuh B The absolute difference between the melting point
of themixture and the value obtained in determination A is
not greater than2°C.
D. It gives the reaction of nitrates (2.3.1).

TESTS
Solution S
Dissolve 0.1 g in methanol R and dilute to 10 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y, (2.2.2, Method If).

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

PhE... _

andenanUomer

andenanUomer

andenanliomer

F. 1-[(2RS)- 2-(2,4-dicWorophenyl)-2-[[ (3,4-<1icWorophenyl)
methyl]oxy]ethyl]-IH-imidarole,

G. 1-[(2RS)-2-(2,4-dicWorophenyl)-2-[[(2,5-<1icWorophenyl)
methyl] oxy]ethyl]-IH-imidazole,

H.l-[(2RS)-2-(benxyloxy)-2-(2,4-dichlorophenyl)ethyl]-IH­
imidazole,
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A. (I RSJ-1-(2,4-dichlorophenyl)-2- (I H-imidazol-I-yl)ethan­
1-01,

C. (2RSJ-2-(2,4-dichlorophenyl)-2-[[(2,4-dichlorophenyl)
methyl]oxy]ethan-I-amine,

D.l-[(2RS)-2-(2,4-dichlorophenyl)-2-[[(2,6-dichlorophenyl)
methyl]oxy]ethyl]-IH-imidazole (isoconazole),

andenanliomer

andenanliomer

. c,~'
H •

r'Y'0~
c,AvY Lo

N

IMPURITIES
Specified impurities A, B, C, D, E, F, G.
Otherdetectable impurities (thefollowing substances fLYJuld, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impuruies and/or by thegeneral
monograph SubstaNces fot pharmaceuu'cal use (2034). It is
therefore not necessary to identify these impun·ties for
demonstration ofcompliance; See also 5.10. Control of impun"ties
in substances forpharmaceutical use) H, I.

c,-:o~
! ~o~ and ....nucmer

CI~CI N~

B. 1-[(2RSJ -2-[ [(4-chlorophenyl)methyl]oxy)-2-(2,4­
dichlorophenyl)ethyl]-1H-imidazole (econazole),

Related substances
Liquid chromatography (2.2.29).

Test sdution Dissolve 0.100 g of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.
Reference solution (aJ Dissolve 2.5 mg of miamazole
nitrate CRS and 2.5 mg of econazole nitrate CRS (impurity B)
in the mobile phase and dilute to 100 mL with the mobile
phase.

Reference solution (b) Dilute 1.0 mL of me test solution to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 20.0 mL with the mobile phase.

Column:
- size: I =0.10 m, '" =4.6 mm;
- stationary phase: end-capped oetadecylsilyl sitkagelfor

chromatography R (3 um).

Mobile phase Dissolve 6.0 g of ammonium acetate R in a
mixture of 300 mL of acetonitrile for chromatography R,
320 mL of methanol RI and 380 mL of waterfor
chroma",graphy R.

Flew rate 2 mUmin.
Detection Spectrophotometer at 235 nm.

Injection 10 ~L.

Run time -1.2 times the retention timeof miconazole.
Relativeretention With reference [Q miconazole (retention
time = about 20 min): impurity A ::::: about 0.1;
impurityE = about 0.3; impurity C = about: 0.4;
impurity B =about 0.6; impurity D =about 0.75;
impurity F = about 0.85; impurity G = about 0.9.

System suitability Reference solution (a):
- resolution: minimum 10 between the peaks due to

impurity Band miconazole.
Limits:
- impurities A, B} C, D, H, P, G: for each impurity, not

more than the area of the principal peak in the
chromatogram obtainedwithreference solution (b)
(0.25 per cent);

- unspecified impurities: for each impurity, not morethan
0.4 times the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.10 per cent);

- total: not more thantwice me area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.5 per cent);

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent); disregard any peak due to the nitrate ion.

Loss on dl')'ing (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on J.O g.

ASSAY
Dissolve 0.350 g in 75 mL of anhydrous acetic acidR, with
slight heating if necessary. Titrate with O. I M pen:hloric acid,
determining the end-point potentiometrically (2.2.20). Carry
out a blank titration.

1 mL of 0.1 M perchlotic acid is equivalent to 47.91 mg
of C,.H15CL,N,O•.

STORAGE
Protected from light.
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andenanOOmer

E. 2-[ 1-[(2RSJ-2-(2,4-dichlorophenyl)-2-[[(2,4­
dichlorophenyl)methyl]oxy]ethyl]-IH-imidazol-3-ium-3­
yl]-2-methylpropanoate.

Midazolam
(Ph. Bur. monograph 0936)

CI~~H'C1i
":: F

~

325.8 59467-7~

and enanliomer

Action and use
Benzodiazepine.

Preparations
Midezolam Injection
Midazolam Oral Solution
Midazolam Oromucosal Solution

__________________~PbE<I

I. 1-[(2RSJ-2-[[(2-chlorophenyl)methyl]oxy]-2-(2,4­
dichlorophenyl)ethyl]-IH-imidazole.

PIIE<I _

DEFINITION
8-Chloro-6-(2-f1uorophenyl)-I-methyl-4H-imidazo[I,5-a]
[1,4]henzodiazepine.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish, crystalline powder.
Solubility
Practically insoluble in water, freely soluble in acetone andin
ethanol (96 per cent), soluble in methanol.

IDENTIFICATION
First identificatkm: B.
Secondidentification: A, C, D, E.
A. Melting point (2.2.14): 161 'C to 164 'C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison midazolam CRS.
C. Examine the chromatograms obtained in the test for
impurity C.

Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (b).

D. Mix 90 mg with 0.30 g of anhydrous sodium carbona,. R
and ignite in a crucible until an almost white residue is
obtained (normally in less than 5 min). Allow to cool and
dissolve the residue in 5 mL of dilute ninicacidR. Filter (the
filtrate is also used in identification test E). Add 1.0 mL of
the filtrate to a freshly prepared mixture of 0.1 mL of
alizann S solution Rand 0.1 mL ofzirconylnitrate solution R.
Mix, allow to stand for 5 min and compare the colour of the
solution with that of a blank prepared in the samemanner.
The test solutionis yellowand me blank. solution is red.
E. To I mL of the filtrate obtained in identification test D
add I mL of water R. The solution givesreaction (a) of
chlorides (2.3.1).

andenantiomer

and enanlJomer

and enantiomer

F. 1-[(2RSJ-2-(2,4-dichlorophenyl)-2-[[(3,4-dichlorophenyl)
methyl]oxy]ethyl]-I H-imidazole,

G. 1-[(2RSJ-2-(2,4-dichlorophenyl)-2-[[(2,5-dichlorophenyl)
methyl]oxy]ethyl]-IH-imidazole,

H.I-[(2RSJ-2-(benxyloxy)-2-(2,4-dichlorophenyl)ethyl]-IH­
imidazole,

www.webofpharma.com
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TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method II).
Dissolve 0.1 gin 0.1 M hydrochloric acidand dilute to 10 mL
with the sameacid.

Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of thesubstance to be
examined in methanol R and dilute to 50.0 mL with the same
solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve the contents of a vialof
midazolam for systemsuitability CRS (containing
impurities A, H, EJ G and H) in 1.0 mL of methane/ R.
Colmnn:
- size: 1= 0.25 m, 0 = 4.0 mm;
- sta.wary phase: end-<apped aety/si/yl silitagelfor

chromatography R (5 urn).

Mobile phase Prepare a solution containing 7.7 gIL of
ammonium acetate Rand 10 mIlL of tetrabutylammonium
hydroxide solution (400 giL) R and adjust to pH 5.3 with
glacial acetic acid R. Mix 44 volumes of this solution with
56 volumes of methanol R.

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 254 nrn.
Injection 10 ~L.

Run time 2.5 times the retention timeof midazolam.
Identification of impurities Use the chromatogram supplied
with midazolam for system "'itabil'iy CRS and the
chromatogram obtained withreference solution (b) to

identify thepeaks due to impurities A, B, E, G and H.

Relative retention With reference to midazolam (retention
time = about 17 min): impurity E = about 0.5;
impurity A = about 0.9; impurity G = about 1.2;
impurity H = about 1.9; impurity B = about 2.2.

System"'itability:
- signal-to-noise ratio: minimum 40 for the principal peak in

the chromatogram obtained withreference solution (a);
- peak-to-1Janey ratio: minimum 3,0, where Hp = height

above the baseline of the peak due to impurity A and
H; = height above the baseline of the lowest point of the
curve separating this peak from thepeakdue to
midazolam in the chromatogram obtained withreference
solution (b).

Limits:
- correction facum: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 2,0;
impurity E =2.0; impurity H =1.7;

- impun'cy B: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impun·lies A, E, G, H: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained withreference solution (a)
(0.15 per cent);

- unspecified impuniies: for each impurity, not more than the
area of theprincipal peak in the chromatogram obtained
withreference solution (a) (0.10 per cent);

Midazolam 11-313

- touil: not more than 3 times the area of theprincipal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Impurity C
Thin-layer chromatography (2.2.27).

Testsolution (a) Dissolve 0.20 g of the substance to be
examined in ethanol (96 Pet ceo!> R and dilute to 5 mL with
the same solvent.
Testsoluuon (b) Dilute I mL of lest solution (a) to 50 mL
with ethanol(96 PetceoO R.

Reference solution (a) Dissolve the contents of a vialof
midazolam impuniy C CRS in 1.0 mL of methanol R. Dilute
0.5 mL of the solution to 1.0 mL with methanol R.
Reference solution (b) Dissolve 8 mg of midazolam CRS in
ethanol (96 PetcenO R and dilute to 10 mL with the same
solvent.
Reference solution (c) Dissolve 40 mg of the substance to be
examined in 1 mL of reference solution (a).
Plate TLC silica gelFm plate R.

Mobile phase glacial acetic add R, walerR, methanol RJ ethyl
aceta" R (2:15:20:80 VIVIV/Vj.

Application 5 ~L.

Developmenc OVZl 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om.

System suita1n1ity Reference solution (c):
- the chromatogram shows 2 clearly separated spots.
Limit:
- impun'ty C: any spot due to impurity C in the

chromatogram obtained with test solution (a) is not more
intense than the spot in the chromatogram obtained with
reference solution (a) (0.1 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for2 h.
Sulfated ash (2.4.11)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.120 g in 30 mL of anhydrous acetic acid R and add
20 mL of acetic anhydride R. Titrate with 0.1 M perchloric acid
to the 2nd point of inflexion, determining the end-point
potentiometrically (2.2.21J).

I mL ofO.l Mperchloric acidis equivalent to 16.29 mg
of C I8H13CIFN,.

IMPURITIES
Specified impurities A, B~ C, E, G, H.

OtherdeleCtable impurities (thefollowing substances would, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities andlor by the general
monagraph Substances forpharmaceutical use (2034). Ie is
therefore not necessary W identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substanasforpharmaceutical use) D) F) I)J.
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A. (6RSj_8-<:hloro_6_(2_f1uorophenyl)-I-methyl-5,6-dihydro­
4H-imidazo[I ,5-a][I ,4]benzodiazepine,

G. 8-<:hloro-l-methyl-6-phenyl-4H-imidazo[I,5-a][1,4]
benzodiazepine (desftuoromidazolam),

H3C yN

CI~w.;i end enanuomer

'" F

-'"

B. (6RSj_8_chloro_6_(2_f1uorophenyl)_I_methyl_6H_
imidaw[ I ,5-a][I ,4]benzodiazepine,

H,cY{CO'H
C<~,;7I N_N

'" F
.."

F

H.6_chloro_4_(2_f1uorophenyl)-2-methylquinazolloe,

~
H3C1).H

'::::,... I ) andenantiomer

CI --- N

'" F
-'"

I. (3aRSj_8_chloro-6_(2_f1uorophenyl)_I_methyl_3a,4_
dihydro-3H-hnidazo[I,5-a] [1,4]benwdiazepine,

12842()-71-3530.0

Acdon and use
Tetracycline antibacterial.

Preparations
lvIinocyclloe Capsules
Minocycline Prolonged-release Capsules
Miaocycline Tablets

Minocycline Hydrochloride
Dihydrate
Minocycline Hydrochloride
(ph. Bur. monograph 1030)

J. 8-chloro-6-(2-f1uorophenyl)-I-methyl-3a,4,5,6-letrahydro­
3H_imidazo[I,5-a][1,4]benwdiazepine.

__________________ PhE<I

E. [(2RSj-7 -<:hloro-5-(2-f1uorophenyl)-2,3-dihydro-1H-I ,4­
benzodiazepin-2-yl]methanamine,

D.8_chloro_6_(2_f1uorophenyl)_I_methyl_4H_hnidazo[I,5_a]
[1,4]benzodiazepine 5-oxide,

F. 7-<:hloro-5-(2-f1uorophenyl)-1 ,3-dihydro-2H-I, 4­
benzodiazepin-2-one (I-des[(diethylamino)ethyl)
f1urazepam) ,

C. 8_chloro-6_(2_f1uorophenyl)_I_methyl_4H_imidazo[I ,5-a]
[1,4Jbenzodiazepine-3-carboxylic acid,

""
NH2

~
1 ~1H

CI ~ ...-- N andeoanliomEtr

'" F
..<"
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DEFINlTION
(4S,4aS,5aR,12aSJ-4,7-Bis(dimethylamino)-3, I0,12,12a­
tetrahydroxy-Ll l-dioxo-l,4,4a,S,Sa,6,11)12a­
oetahydrotetracene-2-carboxamide hydrochloride dihydrate.

Semi-synthetic product derived from a fermentation product.

Content
94.5 per cent to 102.0 per cent (arthydrous substance).

CHARACTERS
Appearance
Yellow, hygroscopic, crystalline powder.

Solubility
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent). It dissolves in solutions of alkali hydroxides
and carbonates.

IDENTIFICATION
First identification: A, C.

Second idemificadon: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ntinocydi"" hydrochloride CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.

Reference solution (a) Dissolve 5 mg of minocydme
hydrochloride CRS in ntethanol R and dilute to 10 mL with the
same solvent.

Reference solution (b) Dissolve 5 mg of minocydine
hydrochloride CRS and 5'mg of oxytetracycline
hydrochloride CRS in methanol R and dilute to 10 mL with the
same solvent.
Plate TLC octadecylsl1yl silica gd Fm plate R.
Mobile phase Mix 20 volumes of acetonitrile R, 20 volumes
of methanol Rand 60 volumes of a 63 gIL solution of oxalic
acidR previously adjusted to pH 2 with concentrated
ammonia R.

Application I ~L.

Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet. light at 254 run.

System suiuun1ity Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size (0 the
principal spot in the chromatogram obtained with reference
solution (a).

C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.200 g in carbon dioxide-free water R and dilute to
20.0 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and its absorbance (2.2.25) at
450 nm using a 1 em cell is not greater than 0.23.

Dilute 1.0 mL of solution S to 10.0 mL with waterR.

pH (2.2.3)
3.5 to 4.5 for solution S.

light-absorbing impurities
Cany out the measurement within 1 h 0/prepoting solution S.

Minocycline Hydrochloride Dihydrate 11-315

The absorbance (2.2.25) of solution S measured at 560 nm is
not greater than 0.06.

Related substances
Liquid chromatography (2.2.2'J). Carry au' 'he tes, protected
from light. Store the solutions at 2-8 °G and use them within 3 h
of preparation.
Solution A Mix 18 volumes of a 3.75 gIL solution of sodium
edetate Rand 60 volumes of a 28.3 gIL solution of ammonium
oxalate R and adjust to pH 7.2 with dilute ammonia R2.

Test solution Dissolve 24.0 mg of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with warer R.
Reference solutlan (b) Dissolve 2 mg of mmocydine for system
suitability CRS (containing impurities A, B, CJ EJ F, G
and H) in water R and dilute to 5 mL with die same solvent.

Column:
- size: I;;;; 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

sl1ica gelfor chromatography R (5 um),
- temperature: 40 ·C.
Mobile phase te/rahydrojuran R, dimethylformamide R,
solution A (8:12:78 VIV/V).

Flowrate 1.5 mUmin.

Detection Spectrophotometer at 280 run.
Injeaion 20 jlL of the test solution and reference
solutions (a) and (b).

Run time 3 times the retention time of minocycline.

Identification ofimpun'ties Use the chromatogram supplied
with minocydinefor systemsuitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, E, F, G and H.

Relativeretention With reference to minocycline (retention
time =about 16 min): impurity C =about 0.52;
impurity H =about 0.55; impurity B =about 0.66;
impurity A =about 0.74; impurity G =about 0.79;
impurity F =about 0.92; impurity E =about 2.6.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities C and H; minimum 1.5 between the peaks due
to impurities A and G; minimum 1.5 between the peaks
due to impurity F and minocycline.

Calculation of peruntage contents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity E =1.6; impurity F = 1.6; impurity G = 1.4;

- for each impurity, use the concentration of minocycline
hydrochloride dihydrate in reference solution (a).

Limits:
- impun"ty A: maximum 1.2 per cent;
- impurityB: maximum 0.8 per cent;
- impurities C, E: for each impurity, maximum 0.6 per cent;
- impurities F, G: for each impurity, maximum 0.5 per cent;
- impurityH: maximum 0.3 per cent;
- Q1Oo' otherimpurity: for each impurity, maximum

0.15 per cent;
- total: maximum 3.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
5.0 per cent to 8.0 per cent, determined on 0.200 g.

Sulfuted ash (2.4.14)
Maximum 0.5 per cent, determined on 1.0 g.
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Bacterial endotoxin. (2.6.14)
Less than 1.25 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substanceswith the foUowing modifications.
Test solution Dissolve 30.0 mg of the substance to be
examined in water R anddilute to 50.0 mL with the same
solvent.
Reference solution Dissolve 30.0 rngof minocydine
hydrochloride CRS in water R and dilute to 50.0 mL with the
same solvent.
Injection Test solution and reference solution.
Calculate the percentage contentof <43H2sCINJ01 taking
into account the assigned contentof minocyd;ne
hydrochlaride CRS.

STORAGE
In an airtight container, protected from light. If me substance
is s(erile~ the container is also sterile and tamper-evident.

IMPURITIES
Specified impurities A, B, C, E, F, OJ H.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedeuaed by one or other of tbe tests
in the monograph. TIrey are limiced by thegeneral acceptance
criterion fur other/unspecified impurims. It is therefore net
necessary to identify these impun"ties /or demonstration of
compliance. See also 5.10. Con1>'01 of impuniies in sub,tances for
pharmaceutical use) D, I. .

A. (4R,4aS,5aR.IZaS)-4,7-bis(dimethylamino)-3,10,IZ,IZa­
tetrahydroxy-L, ll-dioxo-l,4,4a,S,5a,6, 11,12a­
oetahydrotetracene-2-carboxamide (4-epiminocycline),

B. (4S,4aS.5aR,IZaS)-4-(dimethylamino)-3,10,IZ,IZa­
tetrallydroxy-l,11-dioxo-l,4,4a,S,Sa,6,II,12a­
oetahydrotetracene-2-carboxamide (sancycline),

OH 0 OHOHO 0

~
"";, NHz

~ OH
H I

HN H N-C~

...cs, ~d

C. (4S,4aS,5aR,IZaS)-4-(dimethylamino)-3,10, IZ,IZa­
tetrahydroxy-7-Imethylaminol-Ijl l-dicxo­
1,4,43,5,53,6,11,12a-octahydrotetracene-2-carboxamide
(7-monodemethylminocycline).

2022

D. (4S,4aS,5aR,IZaS)-7-amino-4-(dimethylamino)-
3,1O,12,12a~tetrahydroxy-lJll-dioxo-l ,4Aa,5,5a,6,11,12a­
oetahydroterracene-2-carboxamide (7-aminosancycline),

E. (4S,4aS,5aR,IZaS)-4,7-bis(dimethylamino)-3,1O,IZa­
trihydroxy-IZ-imino-J,11-diOKO-
I,4,4a,5,53,6,11,113,12,12a-decahydrotettacene-2­
csrboxamlde,

F. (4S,4aS,5aR,IZaS)-4,7-bis(dimethylamino)-3.10,IZ,IZa­
letrahYdroxy-N-(hydroxymethyl)-I,II-dioKo­
1,4,43,5,53,6,11,12a-octahydrotetracene-2-carhoxamide,

G. (4S,4aS,5aR,IZaS)-4,7,9-tris(dimethylamino)-3,10, IZ,IZa­
tetrahydroxy-I,l l-dioxo-I ,4,4a,5,5a,6,11,12a~
octahydrotettacene-2-carboxamide,

H. (4S,4aS,IZaS)-4,7-bisfdimethylaminoj-Sd0,11,IZa­
letrahydroxy-I,IZ-dioKo-I.4,4a,5~ IZ,IZa­
hexahydrotettacene-2-carboxamide,

I. (4S,4aS,5aR,12aS)-9-amino-4-(dimethylamino)-
3,10, 12,12a-tettahydroxy-I,II-dioxo-l,4,4a,5,5a,6,II, 12a4

oetahydrotettacene-2-carboxamide (c-aminosancycline).
___________________ PhE..
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Action and use
Vasodilator; treatment of hypertension;male pattern
baldness.

Preparation
Minoxidil Scalp Application

Application 2 ~L.

Deoelopmem Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with the
reference solution.
D. Dissolve about 10 mg in I mL of methanol R.
Add 0.1 mL of copper sulfate ,00ution R. A green colour
develops. The solution becomesgreenish-yellow on the
addition of 0.1 mL of dilute hydrochloric acidR.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 12.5 mg of me substance to be
examined in the mobilephaseand dilute to 50.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL withthe mobile phase"
Reference ,00ution (b) Dissolve 5 mg of minoxidil for sy'tem
suitaln1i,y CRS (containing impurities A, B and E) in the
mobilephaseand dilute to 20.0 mL with the mobile phase.
Column:
- size: 1= 0.10 m, 0 ;;;; 4.6 mm;
- stationary phase: end-capped oClode<yfsi/yf silica gelfor

chromatography R (2.6 /UIl);
- temperature: 40 "C.

Mobile phase Solution containing 0.1 per cent VIV of
tri/luoroacetic acidR and 2 gIL of sodium heptanesulfonate R in
a mixture of 45 volumesof methanol R and 55 volumes of
waterforchromalOgraphy R.

Flow rate 0.8 rnUmin.

Detection Spectrophotometer at 230 run.

Injection I0 ~L.

Run time Twice the retention timeof minoxidil.
Identification of impun"ties Use the chromatogram supplied
with minoxidil for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaksdue to impurities A, Band E.
Relative retention With reference to minoxidil (retention
time =about 5 min): impurity A =about 0.3;
impurity B = about 0.4; impurity E = about 1.2.

System suitability Reference solution (b):
- resolution: minimum 1.5 betweenthe peaks due to

impurities A and B; minimwn 2.0 between the peaks due
to minoxidil and impurity E.

Calculation of percentage contents:
- for impurity B, multiply the peakarea by the correction

factor J.6j
- for each impurity, use the concentration of minoxidil in

reference solution (a).
Limits:
- ;mprm'ty E: maximum 0.2 per cent;
- impurity B: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent,
- reporting threshold: 0.05 per cent.

**** ** ** ****

38304-91-5209.3

(ph. Eur. monograph 0937)

Minoxidil

DEFINITION
6-(piperidin-I-yl)pyrimidine-2,4-diarnine 3-<>xide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystallinepowder.

Solubility
Slightly soluble in water, soluble in methanol and in
propylene glycol.

IDENTIFICATION
Fin' idendficotion: B.
Second identifica'wn: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test ,00u'wn (a) Dissolve 20.0 mg in 0.1 M hydrochloric acid
and dilute to 100.0 mL with the sarne acid (solution A).
Dilute 2.0 mL of solution A to 100.0 mLwith 0.1 M
hydrochloric acid.

T", ,00u'wn (b) Dilute 2.0 mL of solution A to 100.0 mL
with 0.1 M sodium hydroxUk.
Spectral range 200-350 run.

Absorption maxima At 230 nrn and 281 om for test
solution (3); at 230 run, 262 run and 288 nm for test
solution (b).

Specific absorbances at theabsorption maxima:
- at 230 run: 1015 to 1120 for test solution (a); 1525 to

1685 for test solution (b);
- at 262 run: 485 to 535 for test solution (b);
- at 281 run: 1060 to 1170 for test solution (a);
- at 288 run: 555 to 605 for test solution (b).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison minoxidil CRS.

C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.
Reference solution Dissolve 10 mg of minoxidil CRS in
methanol R and dilute to 10 mL with the same solvent.
Plate TLC silica gelF254 plate R.

Mobile phase concentrated ammonia R, methanol R
(1.5:100 VIV).
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"E" _

85650-52-8

and enanOOmer

265.4

Acdon and use
Inhibitor of 5HT and noradrenaline reuprake; antidepressant.
Preparations
MinazapineTablets
Mlreazepine Oral Solution
Mirtazapine Orodispersible Tablets

(Ph. Eur. monograph 2338)

DEFINITION
( 14bRS)-2-Methyl-l,2,3,4, 10,14b-hexabydropyrazino[2, l-e]
pyrido[2,3-c][2)benzazepine.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite powder, slightly hygroscopic to
hygroscopic.

Solubility
Practically insoluble in water) freely solublein anhydrous
ethanol.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison mirtazapine CRS.
If the spectra obtainedin the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.

TESTS
Optical rotation (2.2.7)
-0.10° to + 0.10° (anhydrous substance).
Dissolve 0.250 g in anhydrous ethanol R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

SOlvenl mixture aceumiuile R, water R (50:50 VIJI).
Buffer solution Dissolve 18.0 g of tetramethylammonium
hydroxide R in 950 mL of waterR. While stirring, adjust to
pH 7.4 with phosphori< acidR, then dilute to 1000 mL with
water R and mix.
Test soluuon Dissolve 30 mg of the substance to be
examinedin the solvent mixture and dilute to 20 mL with
the solvent mixture.
Reference solution (aJ Dissolve 3 mg of minaeopine for system
suiuzbility CRS (containing impurities A) B) CJ D) E and F)
in 2 mL of the solvent mixture.

MirtazapineLoss on drying (2.2.32)
Maximum 0.5 per cenr, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 50 mL of anhydrous aceuc acidR. Titrate
with 0.1 M perchlotic add, determining the end-point
potentiometrically (2.2.21J). Carry out a blank titration.
1 mL of 0.1 M perch/oric acidis equivalent to 20.93 mg
of C.H"N,O.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, E.
Otherdet«table impurities (thefollowing substances wmdd, if
present at a sufficient level, be detected by oneor otherof the tests
in the manograph. They arehinited by thegeneral acceptance
crirerian for other/unspecified impurities and/or by thegeneral
manograph Substances for pharmaceutical use (2034). It is
therefore not neussaryto idenuJY these impun'ties for
demonstration of compliance. See also 5.10. Cantrol of impurities
in substances for phannaautical use) A.

CluNyNH'
'l'N

Nt<,

O,(yNH'
'l'N

Nt<,

A. e-chloropyrimidine-z.a-diamine j-oxlde,

B. 6-chloropyrimidine-2,4-diamine,

E. 6-(piperidin-l-yl)pyrimidine-2,4-diamine
(deoxyminoxidil).

_________~ "E"
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____________________ PIIEII

andeoanliorner

andenanliome.r

andenanllorner

andenanOomer

o
I ..CH)

• N ils epimerat N" and
N~ lhelrenanliomers

~

~ ",N

o

~~ H
.... CH)

HO~N~ andenanl_,

~~

A. (14bRS)-2-methyl-I,2,3,4,10,14b-hexahydropyrazino[2,1­
a]pyrido[2,3-c][2]benzazepine 2-oxide,

B. [2- [(2RS)-4-methyl-2-phenylpiperazin-I-yl]pyridin-3-yl]
methanol,

C. (14bRS)-2-methyl-3,4, 10,14b-letrabydropyrazino[2, I-a]
pyrido[2,3-c] [2]benzazepin-1 (2H)-one,

D. (I4bRS)-1 ,2,3,4,10,14b-hexabydropyrazino[2, I-a]pyrido
[2,3-c] [2]benzazepine,

E. (2RS)-4-methyl-I-(3-methylpyridin-2-yl)-2­
phenylpiperazine,

F. (14bRS)-2-methyl-I,3,4,14b-tetrahydropyrazino[2,I-a]
pyrido[2,3-c] [2]benzazepin-10(2H)-one.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: end-capped octade<ylsilyl silica gelfor

chromatography R (5 pm);
- temperature: 40 "C.

Mobile phase I<tmhydrojuran for chromatography R,
methanol R, aceumim"le R, buffer solution
(7.5:12.5:15:65 VIVIV/V).

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 2~O nm.
Injection 10 ~L.

Run time Twice the retention time of mirtazapine.
Identification of impun"ties Use the chromatogram supplied
with mirtazapine for system suitabilit.y CRS and the
chromatogram obtained with reference solution (a) to
identify thepeaks due to impurities A, B, C, D, E and F.
Relativeretention Withreference to mirtazapine (retention
time = about 25 min): impurity A = about 0.2;
impurity B =about 0.3; impurity C =about 0.35;
impurity D = about0.4; impurity E = about 1.3;
impurity F = about 1.35.

System suitability:
- resolurion: minimwn 1.5 between the peaks due to

impurities E andF in the chromatogram obtained with
reference solution (a);

- symmetry factor: 0.8 to 2.0 for the principal peak in the
chromatogram obtairied with reference solution (b).

Limits:
- correaion faaon: for the calculation of content) multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 1.3;
impurity B =1.3; impurity F =0.2;

- impun·ties A, B, C, D, E, F: for each impurity, not more
than the area of the principal peakin the chromatogram
obtained with reference solution (b) (0.1 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.2 per cent);

- disregard limir. 0.5 times the area of the principal peakin
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 3.5 percent, detennined on 1.00 g.

Sulfated ash (2A.I,,!
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 35 mL ofglacial acetic acidR. Titrate
with O. I M perchloric acid, determining the end-point
potentiomelrically (2.2.20).

1 mL of 0.1 M perchWric acidis equivalent to 13.27 mg
of C17H19N3.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities AJ B, C, D, E, F.
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(ph. Eur. monograph J731)

PhE" _

Misoprostol Identification of impun'ties Use the chromatogram supplied
with misoprostol for sysrem suitabJity CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaks due to impurities A, B and C.
Relative retention With reference to misoprostol (retention
time =about 18 min): impurity C =about 0.2;
impurity A =about 0.7; impurity B (I" peak) =about 0.85;
impurity B (2"d peak) =about 0.91.

Systemsuitability Reference solution (c):
- resdudon: minimum 1.2 between the peaksdue (Q

impurity B (2nd peak) and misoprostol.
Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity C by 0.13;
- impurity B (sum of 1stand 2nd peaks): not more than

10 times the area of the principal peal: in the
chromatogram obtained with reference solution (b)
(1.0 per cent);

- impurity A: not more than3 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- impurity C: not more than 1.5 times the area of the
principal peakin the chromatogram obtained with
reference solution (1)) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 15 times the area of the principal
peakin the chromatogram obtained with reference
solution (b) (1.5 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

I>iastereoisoDners
Liquid chromatography (2.2.29). Use freshly prepared wlutians.
TestsolmUm Dissolve 10.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.
Column:
- size: I =0.25 m, 0 =4.6 rom;
- stationary phase: silica gelfor chromatography R (5 urn),
- rempesaru..: 40 "C.

Mobile phase Mix 20 volumes of 2-propanol R, 40 volumes
of anhydrous ethanolR, 940 volumes of heptane Rand
sonicate for 10 min.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 run.
Injection 20 ~L.

Run time 1.5 times the retention time of the J" peak of
misoprostol,

Retention time Misoprostol 1st peak= about 19 min;
mjsoprosrol g?'' peak = about 21 min.
Systemsuitability Test solution:
- resolution: minimum2.0 between the IS[ and 2nd peaks of

misoprostoJ.
Limir.
- I" peak of misoprostol: 45 percent to 55 per cent of the

sum of the areas of the 2 peaks due to misoprostol.

Water (2.5.32)
Maximum 1.0 per cent.
Use 1.0 mL of a 10 mglmL solution of the substance to be
examined in methanol R.

59122-46-2382.5

Acdon and use
Prostaglandin (pGEI) analogue.

~
O H...~OCH,

HO..·· ~ itseplmer al C' and their enenuomers

H HO .. • CH3
H3c"

DEFINITION
Mixture of methyl 7-[(lRS,2RS,3RS)-3-hydroxy-2-
[(I E,4RS) -4-hydroxy-4-methyloct-I-enylj-5-oxocyclopentylj
heptanoate and methyl 7-[(IRS,2RS,3RS)-3-hydroxy-2­
[(IE,4SR)-4-hydroxy-4-methyloet-I-enylj-5-oxocyc!opentylj
heptanoate.

The 4 stereoisomers are present in approximately equal
proportions.

Content
96.5 per cent ro 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear,colourless or yellowish) oily liquid,hygroscopic.

Solubility
Practically insoluble in water,soluble in ethanol
(96 per cent), sparingly soluble in acetonitrile.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison misoprosrol CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Use freshly prepared solulians.
Test solution Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 5.0 mL with the
mobile phase.

Reference solution (a) Dissolve 25.0 mg of misoprostol CRS in
the mobile phase and dilute to 5.0 mL with the mobile
phase.
Reference solulian (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 5 mg of misoprostol for sysrem
suitability CRS (containing impurities A, B and C) in I mL
of the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mmj
- stationary phase: silica gelfor chromatography R (5 urn),

Mobile phase Mix 5 volumes of aatonirrile Rt, 215 volumes
of dioxan R, 780 volumes of heptane R and sonicate for
10 min.

Flow rate 2.0 mUmin.
Daeaion Spectrophotometer at 210 nm.
Injection 20 ul, of the test solution and reference
solutions (b) and (c).

Run time 1.5 times the retention time of misoprostoJ.
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F. methyl 7-[(3RS)-3-hydroxy-5-oxocyclopent-l-enyl]
. heptanoate.

D. methyl 7-[2-[(IE,4RS)-4-hydsoxy-4-methyloct-l-enyl]-5­
oxocyclopent-l-enyl]heptanoate (misoprostol B),

andenantiomer

OCH,

CH,

o

lis epimer at C· andlhelrenanllomers

HO I CH3
H3C

o

E. mixture of methyl 7-[(IRS,2RS,3SR)-3-hydroxy-2­
[(IE,4RS)-4-hydroxy-4-methyloet-l-enylj-5­
oxocyclopentyl]heptanoate and methyl 7-[(IRS,2RS,3SR)­
3-hydsoxy-2-[(IE,4SR)-4-hydsoxy-4-methylocl-l-enyl]-5­
oxocyclopentyl]heptanoate (ll-epi misoprostol),

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection 20 ul, of the test solution and reference
solution (a).

System suitability Reference solution (a):
- symmetry faaor: maximum 3.7 for the peakdue [0

misoprostol.
Calculate the percentage content of C22H3S05 using the
declared content of misoprostd CRS.

STORAGE
In an airtight container, at -20°C.

IMPURITIES
Spe<ified impurities A, B, C.

Otherdetectable impurities (thejollowing substances would~ if
present at a sufficient level) be deucedby oneor other of the tests
in the monograph. They are limired by thegeneral acceptance
criterion for otherlunspedfied impurities andior by the general
monograph Substances for phamuu:eutical use (2014). I' is
therefore not n«essary to identify these impurities for
demonstration 0/compliance. See also5.10. Control of impun"ties
in substances forpharmaceutical use) D, E) F.

J--f"'~OCH3
HY·~Hns eplmer al C· andlhelreoaoliomers

OH HO ~ CH
./ 3

H,C

A. mixture of methyl 7-[(IRS,2SR,3SR)-3-hydsoxy-2-
[(IE,4RS)-4-hydroxy-4-methyloct-l-enylj-5­
cxocyclopentyljhepranoare and methyl 7-[(IRS,2SR,3SR)­
3-hydroxy-2-[(1E,4SR)-4-hydroxy-4-methyloct-l-enyl]-5­
oxocyclopentyl]heptanoate (8-epimisoproSlOI),

o H.. W
}4··~OCH,
HOY~ Itsepiffier at C' andlhelrenanUorners

H HO~CH3
H3C

B. mixture of methyl 7-[(IRS,2SR,3RS)-3-hydroxy-2-
[( IE,4RS)-4-hydroxy-4-methyloct-I-enyl]-5­
oxocyclopentyljheptanoate and methyl 7-[(IRS,2SR,3RS)­
3-hydsoxy-2-[(IE,4SR)-4-hydroxy-4-methyloct-l-enylj-5­
oxocyclopentyl]heptanoate (12-epimisOPIOSlO!),

o H 0

"'~OCH3
lis epimer at C' andlhelrenaoliomers

H

C. mixture ofmethyI7-[(IRS,2SR)-2-[(JE,4RS)-4-hydroxy­
4-methyloet-l-enylj-5-oxocyclopent-3-enyl]heptanoate and
methyl 7-[(IRS,2SR)-2-[(IE,4SR)-4-hydroxy-4-methyloet­
l-enylj-5-<Jxocyclopent-3-enyl]heptanoate (rnisoprostol A),

____________________ PhE"

Mites for Allergen Products
(Ph. Eur. monograph 2625)
PhE" _

DEFINITION
Mites for allergen products areinactivated mite cultures that
may consistof faecalparticles, mite bodies,mite parts, eggs,
larvae and residues from the growth medium. They contain
solublesubstances, including proteins, whose functional
activity is unrelated to any antigenic and allergenic properties
they may have.

PRODUCTION
Mites for allergen products are obtained fromcultivation
techniques. The method of mite cultivation is described and
must ensure the quality, homogeneity and traceability of the
mites. Critical cultivation parameters such as temperature
and humidity are controlled andmonitored. Unless otherwise
justified, the culture mediumis selectedto avoid the presence
of materials withpotential allergenicity. Appropriate measures
are taken to avoidcontamination by foreign mite cultures.
Mite cultures are macroscopically free of moulds.
After cultivation, the mite culture is inactivated by methods
whose capability to maintain allergenic properties are
qualified.

Cenain mite fractions (e.g, mite bodies or mite faeces) may
be purified or enriched before the initiation of the active
substance manufacture. In these cases) the process must be
performed usingqualified methods.
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_____________________ Phf"

Mitobronitol

CHARACTERISTICS
A white or almost white, crystalline solid.

Slightly soluble in water, in ace"",e and in ethanol (96%).

488-41-5

CH,Br

308.0

CH,Br

HO H

HO H
H OH
H OH

(e.g. shape of me mites, size of their legs, number and
distribution of hairs and if necessary the geometry of dorsal
striations) morphological characteristics in comparison to
those of a reference batch or reference documents. Identity
may also be confirmed using protein analysis methods
(e.g. protein profile, individual allergen test) or by genetic
identification, ifperformed by generally accepted methods.

TESTS
Foreign matter
Foreign matter is defined as any particles that are not part of
the mite culture, i.e, any particulate matter not arising from
the medium or the mites. Foreign matter is typically detected
using a suitable microscopic method; a limit for the amount
of foreign matter has to be established based on historical
data.

Water (2.5.12 or 2.5.32) or loss on drying (2.2.32)
The" water content of dried material is determined;
specification limits must be supported by batch analysis and
stability data.

Purity
When the source material is a purified fraction of the mite
culture (e.g. mite bodies), the purity of the fraction needs to
be evaluated and results are within a predefined limit.

STORAGE
The mite source material is stored under controlled
conditions justified by stability data.

LABELLING
The label states:
- the species of the mite;
- the fraction of mite culture, where applicable.

Action and use
Cytotoxic.

Preparation
Mitobronitol Tablets

DEFINlTION
Mitobronitol is 1,6-dibromo-l,6-dideoxy-o-mannitol.
It contains not less than 98.5% and not more than 101.0%
of C,.H"Br,O. calculated with reference to the dried
substance.

Where major changes to the production of the mites take
place (e.g. when a new process or supplier of mites is
introduced), such changes are qualified.

Microbial contamination of the mite cukure may be
unavoidable and should be monitored on a representative
number of batches of mites according to a justified sampling
plan, and each time a new supplier and/or a new process for
the mites production is introduced; if a determination of
microbial contamination is not applicable, this must be
justified. Microbial contamination values and potential
increases in microbial contamination are monitored during
stability studies, in order to assess this aspect along with the
mites for allergen products characteristics upon storage.

Control methods and acceptance criteria relating to identity
and purity of the mites are established. The acceptance
criteria must ensure the consistency of the mite source
material from a qualitative and quantitative point of view.
The mite source material is stored under controlled
conditions justified by stability data, The collection and
production, as well as the handling of the source material,
are such that consistent composition is ensured from batch to
batch.

MITES FOR ALLERGEN PRODUCTS REFERENCE
BATCH
An appropriate reference batch is established for each
species. The nature of the reference batch depends on the
testing approach to verify batch-to-batch consistency and to
establish acceptable quality. The reference batch may be, for
example, an internal reference preparation (if available), a
source material extract or a sample of a production batch.
Its characterisation must be described. The extent of
characterisation of the reference batch depends on the mite
source material, knowledge of the allergenic components and
availability of suitable reagents. The reference batch is stored
under controlled conditions ensuring its stability.

BATCH-TO-BATCH CONSISTENCY
To establish batch-to-batch consistency, one or more of the
following tests are performed on each batch. The choice of
tests must be justified.

Total protein (2.5.33)

Protein profile
Determined by using suitable electrophoresis methods
(2.2.31,2.2.54).

Allergen profile
Relevant allergenic components are identified by means of
suitable techniques using allergen-specific antibodies.

Major allergen content
Determined by using suitable immunochemical methods
(2.7.1) such as enzyme-linked immunosorbent assay
(BUSA).

Total allergenic activity
Determined by testing inhibition of the binding capacity of
specific immunoglobulin E antibodies or by a suitable
equivalent in vitro method.

CHARACTERS
Mires for allergen products are supplied as yellow to brown
powders, which may contain one or more of the following:
mite bodies, pans, eggs, larvae and faecal particles. The mite
source material may contain residual amounts of medium
components.

IDENTIFICATION
The identity of me mite species is confirmed by their relevant
macroscopic (e.g. colour, appearance) and microscopic

J
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IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of mitobronitol
(RS 236).

B. Dissolve 0.1 g in 10 mL of 1M sodium hydroxide, boil,
cool, acidify with 2M nitric add and add 1 mL of silver nimue
solution. A pale yellow, curdy precipitate is produced.
C. Dissolve 20 mg in 2 mL of a mixture of 1 volume of
periodic acid solution and 24 volumesof water. Add 1 mL of
a.25M barium chloride and shake well. A white, flocculent
precipitate is produced.

TESTS
Acidity
Shake 2 g with 50 mL of ca,bondioxide-free water for
15 minutes and filter. 40 mL of the filtrate requires not more
than 0.3 mLof O.02M sodium hydroxide VS forneutralisation
using phenolphthalein solution Rl 35 indicator.

Clarity and colour of solution
A 4.0% wlvsolution in dimelhylJonnamide is clear,
Appendix N A, and colourless, Appendix N B, Method I.

Ionic halide
Shake 0.20 g with 30 mL of waterfor 5 minutes and filter.
15 mL of the filtrate complies with the limit test for chlorides,
Appendix vn (500 ppm, calculated as Cl).

Loss on drying
When dried at 1050 for 2 hours, losesnot more than 1.0% of
its weight. Use 1 g.

Sulfated ash
Not more than 0.2%, Appendix IX A.

ASSAY
Dissolve 0.2 g in 20 mL of 1Msodium hydroxide by heating
gently, cool, add 25 mL of 0.1Msilver nirrare VS and acidify
with 5 mL of 5M nitric acid. Add 2 mL of ammanium iron(1II)
sulfate solution R2 and titrate the excess of silver nitrate with
0.1Mammoniumthiocyonoie VS. Each mL of 0.1M silver
ninate VS is equivalent to 15.40 mg of CoHI2Br20•.

STORAGE
Mitobronitol should be protected from light.

Mitomycin
(ph. Bur. manograph 1655)

H

Jl ~3co..H"N ... H

HzN 0 H··~ N

0. ~

0.
H,N

CH,

Mitomycin 11-323

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Blue-violet crystals or crystalline powder.

Solubility
Slightly soluble in water, freely soluble in dimethylacetamide,
sparingly soluble in methanol, slightly soluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).
Comparison mitomycin CRS.

B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the testsolution is similar in retention timeand size to
the principal peakin the chromatogram obtained with
reference solution (a).

TESTS
pH (2.2.3)
5.5 to 7.5.
Dissolve 10 mg in 10 mL of carbon dioxide-free warer R.

Related substances
Liquid chromatography (2.2.29). Prepare 'he solutions
immediately befoT< use.
Testsolution Dissolve 50.0 mg of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.
Reference soIu'Wn (a) Dilute 1.0 mL of the test solution to
100.0 mL with melhanol R. Dilute 5.0 mL of this solution to
10.0 mL with methawl R.

Reference solution (b) Dissolve 10 mg of cinuamamide R
(impurity A) in melhanol R and dilute to 10 mL with the
samesolvent. Mix 2 mL of thissolution and 1 mL of the test
solution and dilute to 10 mL with methanol R.

Column:
- size: I =0.25 m, 0 =4.6 rom;
- stationary phase: spherical base-deaaiuaud end-capped

oCladecylsifyl sitka gelfor ,hromarcgraphy R (5 pm);
- temperature: 30 'C.

Mobile phase:
- mobile phase A: methand R, 0.77 gIL solution of

ammonium acetate R (20:80 VIY)j
- mobile phase B: methanol R, 0.77 gIL solution of

ammonium at:<rale R (50:50 VII');

Time Mobile phase A Moblle phase B
(min) (per cent VIJI) (per cent VIJI)

0-10 '00 0
10 - 30 100 -> 0 0->100

30." 45 0 [00
45-· 50 0 .... 100 100 .... 0

PIlE" _

DEFINITION
[(I as,8S,8aR,8bS)-6-Amino-8a-methoxy-5-methyl-4,7-dioxo­
1,1a,2,4,7,8,8a,8b-octahydroazirino{2f ,3 I :3,4]pyrrolo[1,2­
a]indol-8-yl]methyl carbamate (mitomycin C).

Substance produced by a strain of Streptomyces caespitosus.

334.3

Action and use
Antibacterial; cytotoxic.

50-07-7
Flowrate 1.0 mllrnin.

Detection Spectrophotometer at 254 nm.

Injection IO J1L.
Relative retention With reference to mitomycin (retention
time = about 21 min): impurity D = about 0.6; .
impurity C = about 1.2; impurity A = about 1.3;
impurity B =about 1.6.

Systemtnirabiliry Reference solution (b):
- resolutUm: minimum 15.0 between the peaks due to

mitomycin and impurity A.
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____________________~PhE'"

A. (E)-3-phenylprop-2-enamide (cinnamamlde),

IMPURITIES
Specified impurities A, B, C, D.

H
H

CH,

o

H,N)l.o

o

H

1 ~,co,.H\N".H

H~ 0 H···· N

o -.,

o
H3CO

CH,

fH3

"'-N)-O~H_.Ho-,H" N "H

o N
o -.,

o
H3CO

CH,

o

~NH2

B. [(laS,8S,8aR,8bS)-6,8a-dimethoxy-5-methyl-4,7-dioxo-
1J 1a,2,4,7,8,8a,8b-octahydroazirlno[2',3' :3,4]pyrroto[1,2­
a]indol-8-yl]methyl carbamate (mitomycin A),

C. [(laS,8R,8aR,8bS)-8a-hydroxy-6-methoxy-I,5-dimethyl­
4,7-dioxo-J, 1a,2,4,7,8)8a,8b-octahydroazirino[2',3' :3,4]
pyrrolo[I,2-a]indol-8-yl]methyl carbamate (mitomycin B),

D. [(I S,2S,4S,5R,6S,6aR, IO.S,II S)-8-amino-5-methoxy-9­
methyl-7,1O-dioxo-2,3,6,6a,7)1O-hexahydro-l ,2,5~
metheno-IH,5H-imidazo[2,1-.] indol-6-yl]methyl
carbamate (albomitomycin C).

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 0.35;
- impurities A, B, G, D: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.5 per cent);

- attY other impun"cy: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.5 per cent);

~ total: not more than 4 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(2.0 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximwn 2.5 per cent, determined on 0.30 g.

Bacterial endotoxins (2.6.14, Mahod B)
Less than 10 IUI mg, if intended for use in the manufacture
of parenteral preparations withouta further appropriate
procedure for the removal of bacterial endotoxies.

ASSAY
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examinedin dimethylacetamide R and dilute to 50.0 mLwith
the same solvent.
Reference solulion (a) Dissolve 25.0 mg of miwmyc;n CRS in
dimelhylaalamide R and dilute to 50.0 mL with the same
solvent.
Reference solution (b) Dissolve 10 mg of cinnamamide R
(impurity A) in methanol R and dilute to 20 mL with the
same solvent. M.ix 2 mL of this solution with 2 mL of
reference solution (a).
Column:
- size: I = 0.30 m, 0 = 3.9 nun;
- stationary phase: end-capped phenylsi/yl sili<a gelfor

chromatography R (J 0 urn) with a specific surface area of
330 m2/g, a carbon loadingof 8 per cent and a poresize
of 12.5 run.

Mobile phase Mix 23 volumes of methanol R, 77 volumes of
a solution containing 2.05 gIL of ammonium acetate R and
2.8 mlJL of dilule acetic acid R.
Flew rale 2.0 mUmin.

Detection Spectrophotometer at 365 run and 254 run.

Injution 20 ~L.

Run lime Twice the retention time of mitomycin.
Relative retention Witll reference to mitomycin (retention
time =about 8 min): impurity A =about 1.2.

System suitability:
- resolution: minimum 1.8 between the peaksdue to

mitomycin and impurity A in the chromatogram obtained
with reference solution (b) at 254 om,

- rymmerry factor. maximum 1.3 for the principal peak in
the chromatogram obtainedwith reference solution (a) at
365 run.

Calculate the percentage content of C15HISN405, using the
chromatograms obtained with the test solution and reference
solution (a) at 365 om and taking into account the assigned
content of mitomycin CRS.

STORAGE
Protected from light.
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PIlE" _

Mitoxantrone Hydrochloride

DEFINITION
1,4-Dihydroxy-5,8-bis[[2-[(2-hydroxyethyl)amino)
ethyl)amino]anthracene-9,10-dione dihydrochloride.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Dark blue, electrostatic, hygroscopic powder.

Solubility
Sparingly soluble in water, slightly soluble in methanol,
practically insoluble in acetone.
CAUTION: mitoxantrone hydrochwritk and imparity A are
eJectrrJStatk; the useof an antisuztU gun or other mitable method
w diJcharee the solids bifore weighing or transfer isrecommended.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 2-3 mg in I mL of melhanol R by
warming in a water-hath at 40-50 °C. Evaporate to dryness
under a stream of drynitrogen, warming gently if necessary.
Examine the residue.
Comparison mitoxantrone hydrochloride CRS.

B. It gives reaction (b) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in about40 mL of the mobile phase, sonicating if
necessary, and dilute to 50.0 mL with the mobilephase.
Reference solution (aJ Dissolve 20.0 mg of mitoxantrone
hydrochloride CRS in about 40 mL of the mobile phase,
sonicating if necessary, and dilute to 50.0 mL with the
mobilephase.
Reference soilitron (b) Dilute I mL of the lest solution to
100 mL with the mobile phase.

Reference solution (eJ Dissolve 2.0 mg of mitoxantrone
imparity A CRS in 1.0 mL of reference solution (a).

Reference solution (d) Dilute I mL of reference solution (b)
10 10 mL with the mobile phase.

Column:
- size: I ::: 0.30 m, 0 ::: 3.0 mm;
- stationary phase: phenylsilyl silica gelfor chromategraphy R

(10 um),

Mobile phase Mix 750 volumes of mater R, 250 volumes of
acetonitrile R and 25 volumes of a solution prepared as
follows: dissolve 22.0 g of sodium hepumesulfonose R in about
150 mL of walerR and lilter through a 0.45 pm filler; wash
the filter with waterR and combine the filtrate and washings;
add 32.0 mL ofglacial acetic acidRand dilute to 250 mL
with water R.

Flow rate 3 mllmin.
Detection Spectrophotometer at 254 run.
Injection 50 J.1L of the test solution and reference
solutions (b), (c) and (d).

Run lime 3 times the retention timeof mitoxantrone.
System suitability Reference solution (c):
- resolution: minimum 3.0 between thepeaks due to

mitoxantrone and impurity A.
Limits:
- impun·ties A, B, C, D: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained withreference solution (b) (l per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained withreference solution (b)
(2 per cent);

- disregard limit: the area of theprincipal peakin the
chromatogram obtained with reference solution (d)
(0.1 per cent).

Ethanol
Gas chromatography (2.2.28).

Internalstandardsolution Dilute 2.0 mL ofpropanol R to
100 mL with waler R. Dilute 5.0 mL of this solution to
100 mL with waler R.
Test solution Mix 0.100 g of the substance to be examined
with 2.0 mL of the internal standard solutionand dilute to
5.0 mL with waler R. Place the flask in an ultrasonic bath for
2 min, then shake the flask for 2 min. Ifnecessary, repeat the
sonication and shaking until dissolution is complete.
Reference solution Dilute 2.0 mL of anhydrous ethanolR to
100.0 mL with waterR. Dilute 5.0 mL of the solution 10

100.0 mL with waler R. Dilute 10.0 mL of this solution and
10.0 mL of the internal standard solution to 25.0 mL with
water R.
Column:
- size: f::: 2 m, 0 =3 mm;
- stationary phase: ethy/vinylbenzene-ditJinylbenzene

copdymerR.
Carrier gas heliumfor chromawgraphy R.

Flow rale 19 mllmin.
Temperature:
- cdumn: 120 "C;
- inieaion pon: 175 "C;
- detector: 210 'C.

Detection Flame ionisation.
Injection I ~L.

Retention time Ethanol = about I min;prcpanol > about
2 min.
System suitability Reference solution:
- resolution: minimum 6 between the peaks due to ethanol

and propanol.
Calculate the content of ethanol, taking its density (2.2.5) to
be 0.790 glmL at 20 'C.

Limit:
- ethanol: maximum 1.6 per cent m/m.

70476-82-3

• 2HCI

517.4

~
HO~ ...............NH 0 OH

¢¢¢
HO~N...-........,.NH 0 OH

H

(Ph. Bur. monograph 1243)

Action and use
Cytotoxic.

Preparation
Mitoxantrone Infusion
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68693-11-8273.4

Action and use
Narcolepsy and sleep disorders,

Preparation
Modafinil Tablets

(ph. Eur. monograph 2307)

POE<I _

Modafinil

DEFINITION
2-[(RS)-(Diphenybnethyl)sulfinyl]acelamide.

Content
98.0 pet cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost while, crystalline powder.
Solublllty
Veryslightly soluble or practically insoluble in water,
sparingly soluble in methanol, slightly soluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison modafinil CRS.

If the spectra obtained in the solidstate showdifferences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record newspectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solventmixture a"'tom'lTi!e R1, waterR (35:65 VIII).
TestsolutUm Dissolve 50.0 mg of the substance to be
examined in 35 mL of acetonitrile RJ and dilute to 50.0 mL
with water R. Dilute 1.0 mL of this solution to 10.0 mL with
the solvent mixture.
Reference ,oIution (a) Dissolve 50.0 mg of madajimlCRS in
35 mL of a"'toni,rile R1 and dilute to 50.0 mL with waterR.
Dilute 1.0 mL of this solution to 10.0 mL with the solvent
mixture.
Reference ,oIution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 2.0 mL of this
solutionto 20.0 mL withme solvent mixture.
Reference sdution (c) Add 2.0 mL of the solvent mixture to
a vial of madajinil for syslenl suitability CRS (containing
impurities A, B and C) andsonicate for 10 min.
Column:
- size: I = 0.15 m, 0 = 4.6 mrn;
- 'tationaryphase; end-capped octade<ylsilyl silica gelfor

chromatography R (5 pm);
- temperatu ..: 40 "C.

~

HO~ -:»>~.NH 0 I ::

WY
N~ 0 OH

~
HO~ -....,/'-@NHO::.

HO-....,/'- -.. I I
N I
~NH 0 OH

Water (2.5.1l)
Maximwn 6.0 per cent, determined on 0.300 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (a).
Calculate the percentage content of C22HJoCI2N406 from
the declared content of mitoxantrone hydro<hloride CRS.

STORAGE
In an airtight container.

L'tiPURITIES
Specijied impuriti<s A, B, C, D.

A. l-amino-5,8-dihydroxy-4-[[2-[(2-hydroxyethyl)
amino)ethyl] amino] anthracene-s,1O-dione,

B. 5-hydroxy-I,4-bis[[2-[(2-hydroxyethyl)amino]ethyl)amino)
anthracene-9,10-dione,

C. z-cbloro- 1,4-dihydroxy-5,8-bis[[2- [(2-hydroxyethyl)amino]
ethyl]amino) anthracene-c.1O-dione,

D. 8,1 l-dihydroxy-4-(2-hydroxyethyl)-6-[[2-[(2­
hydroxyethyl)amino)ethyl]amino]-1,2,3,4­
tetrahydronaphtho[2,3-j]quinoxaline-7,12-dione.

____________________ POE"
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Mobile phase Mix 35 volumes of aaconilriJe R1 and
65 volumes of a 6.8 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 2.3 with phospho",
acidR.
Flow rate 1.0 rnUmin.

Detection Spectrophotometer at 220 run.

Injeuion 20 J.lL of the test solution and reference
solutions (b) and (c).

Run time 4 times the retention time of modafinil.
Identification of impun"li'es Use the chromatogram supplied
with modajinilfor system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B and C.

Relativeretention With reference to modafinil (retention
time =about 4 min): impurity A =about l.3j
impurity B =about 1.8; impurity C =about 3.0.

System suitab,lity Referencesolution (c):
- peak-to-vaJJey ratio: minimum 2.5, where Hp = height

above the baseline of the peak due to impurity A and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to modafinil.

Limits:
- impw;ly A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- impurities B, C: for each impurity) not more than 5 times
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.5 per cent);

- unspecified impurities: for each impurity) not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Los. on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by dtying in
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid cbsomatograpby (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of modafinil from the
declared content of C,,H,,N02S in modajim7 CRS.

IMPURITIES
Specfied impurities A, B, C.

~
'" 'iI
""I ~s -,/Co,H

:, '0d e""',""",

A. [(RS)-(dipbenylmethyl)sulfinyl]acetic acid,
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B. 2-[(dipbenylmethyl)sulfonyl]acetamide,

~
"" t;tOCH,

and enanliomer

I'"
""

C. methyl [(RS)-(diphenylmethyl)sulfinyl]acetate.
____________________ PhE«

Molgramostim Concentrated
Solution
(ph. Eur. monograph 1641)

APARSPSPST QPWEHVNAIQ EARRLLNLSR

DTAAEMNETV EVISEMFDLQ EPTCLQTRLE

LYKQGLRGSL TKLKGPLTMM ASHYKQHCPP

TPETSCATQI ITFESFKENL KDFLLVIPFD

CWEPVQE

14417

Action and use
Recombinant granulocyte macrophage colony-stimulating
factor.

PhE« _

DEFINITION
Solution of a protein having the structure of the granulocyte
macrophage colony stimulating factor which is produced and
secreted by various hwnan blood cell types. The protein
stimulates the differentiation and proliferation of leucocyte
stem cells into mature granulocytes and macrophages.

Content
Minimum 2.0 mg of protein per millilitre.

Potency
Minimum 0.7 x 10' IU per milligram of protein.

PRODUCTION
Molgramostim concentrated solution is produced by a
method based on recombinant DNA (rDNA) technology,
using bacteria as host cells. It is produced under conditions
designed to minimise microbial contamination of the
product.

Prior to release, me following tests are carried out on each
batch of molgramostim concentrated solution, unless
exemption has been granted by me competent authority.

Host-cell derived proteins
The limit is approved by the competent authority,

Host-cell or vector derived DNA
The limit is approved by the competent authority.
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dithiothreiwl R and mix well. Place the capped tube in boiling
water for 1 min. Cool [0 room temperature.
Reference solution Prepare at the same timeand in thesame
manner as for the test solutionbut use mdgramostim CRS
instead of the preparation to be examined.
Examine the 2 tryptic digests by Hquid chromatography
(2.2.29).

Column:
- size: 1= 0.10 m, 0 = 4.6 mID;
- statiunary phase: oClUdecy/si/yl S17i<a gelfor

chromawgraphy R (5 pm) with a pore size of 30 om.

Mobile phase:
- mobile phase A: dilute 1 mL of trifluoroacetic acidR in

1000 mL of water for chromawgraphy R;
- mobile phase B: dilute 1 mL of lrijluoroacetic acid R in

100 mL of warer for chromatagraphy R; add 900 mL of
acewtI;tn·le R1 andmix;

Flow ral< 1.0 mUmin.

Detection Spectrophotometer at 214 nm.
Equilibration At initial conditions for at least 12 min.
Itifection 200,u..

System suilUbi/ity The chromatogram obtained with the
reference solution is qualitatively similar to thePh. Bur.
reference chromawgram of molgramostim digesl.
Results The profile of the chromatogram obtained with the
test solutioncorresponds to thatof the chromatogram
obtained with the reference solution.
E. N-Tenninal sequenceanalysis.
Perform the Edman degradation using an automated solid­
phasesequencer) operated in accordance with the
manufacturer's instructions.
Load about I nmol of the test preparation to a sequencing
cartridge using the protocol provided by the manufacturer.
Run 16 sequencing cycles) noting, if appropriate) the
presence of proline at positions 2) 6, 8 and 12.
Identify the phenylthiohydantoin (PTH)-amino acids released
at each sequencing cycle by reverse-phase liquid
chromatography. The procedure may be carried out using
the colwnn andreagents recommended by the manufacturer
of the sequencing equipment for the separation of PTH­
amino acids.
The separation procedure is calibrated using:

- the mixture of PTH-amino acids provided by the
manufacturer of the sequencer) with the gradient
conditions adjusted as indicated to achieve optimum
resolution of allamino acids;

- a sample obtained from a blank sequencing cycle
obtained as recommended by the equipment
manufacturer.

Results The first 16 amino acids are: Ala-Pro-Ala-Arg-Ser­
Pro-Ser-Pro-Ser-Thr-GIn-Pro-Trp-Glu-His-Val.

CHARACTERS
Appearance
Clear,colourless liquid.

IDENTIFICATION
A. It shows the expected biological activity (see Assay).

B. Isoelectric focusing (2.2.54).

Test solUlion Dilute thepreparation to be examined with
water R to obtaina concentration of 0.25 mglmL.
Reference solution (a) Dilute molgramosuin CRS with warer R
to obtain a concentration of 0.25 mglmL.
Reference solution (b) Use an isoelectric point (PI) calibration
solution, in the pI range of 2.5-6.5, prepared according (Q

the manufacturer's instructions.
Focusing:

- pH gradient: 4.0-6.5;
- catho/vl<: 8.91 gIL (0.1 M) solution of 3-aminopropiuni<

acidRj
- ano/vl<: 14.7 gIL (0.1 M) solution of glutamic acidR in

a 50 per cent VIV solution of diluI< phosphoric
acidR (0.5 M);

- application: 20 ul.,
Detection Immerse the gel in a suitable volume of a solution
containing 115 gIL of tn"chlo",aceIi< acid R and 34.5 gIL of
sulfosalicylic acid R and shake the container gendy for 30 min.
Transfer the gel to a mixture of 32 volumes of glacial aceric
acidR, 100 volumes of anhydrous ethanol Rand 268 volumes
of wal<r R (mixture A) and rinse for 5 min. Immerse the gel
for 10 min in a staining solutionprewarmed to 60°C and
prepared by adding acidbl,!, 83 R at a concentration of
1.2 gIL to mixture A. Washthe gel in several containers with
mixture A and keep the gel in this mixture until the
background is clear (12-24 h). After adequate destaining,
soak the gel for I h in a 10 per cent VIV solution of
g1vcero1 R in mixture A.

System suilability:
- in the electropherogram obtained with reference

solution (b») the relevant isoelectric point markers are
distributed along the entire length of the gel;

- in theelectropherogram obtained with reference
solution (a), the pI of the principal band is 4.9 to 5.4.

Results The principal band in the electropherogram
obtained with the test solution corresponds in position to the
principal band in the electropherograrn obtained with
reference solution (a). Plot the migration distances of the
relevant pI markers versus their pI and determine the
isoelectric pointsof the principal component of each of the
test solutionand reference solution (a). They do not differ by
more than0.2 pI units.
C. Examine the eleetropherograms obtained underreducing
conditions in the test for impurities with molecular masses
dillering from that of molgramostim. The principal band in
the electropherogram obtained with test solution (a) is similar
in position to the principal band in the eleetropherogram
obtained with reference solution (a).
D. Peptide mapping (2.2.55).

Test solution Introduce 50 ~L of tris-hydrochloride buffer
solution pH 8.0 R and 50 ~L of the preparation to be
examined at a concentration of 2 mglmLinto a
polypropylene tube of 0.5 mL capacity. Add 4 ,u. of a
I mg/mL solution of trypsin for peptide mafJPIng R in a
0.01 per cent VIV solution of lrijluoroacetic acid R, cap tightly
and mix well. Incubate at about 37 'C for 18 h. Add 125 ~L
of a 764 gIL (8 M) solution of guanidine hydrochlorUk Rand
mix well. Add 10 ,u. of a 154.2 gIL (I M) solution of

Time
(min)

0-35.0

35.0 - 105.0

105.0 - 107.5

107.; - 120.0

MobUe phase A
(per cent YIJI)

100 --t 65

65 --Jo 35

35 ..... 100

100

Moblle pbBse B
(per cent VIV)

o --Jo 35

35 65

65 0

o
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TESTS
Impurities with molecular masses differing from that
of molgramostim
Polyacrylamide gel electrophoresis (2.2.31) under both
reducing and non-reducing conditions.
Geldimensions 0.75 mm thick.

Resolving gel 14 per cent acrylamide.
Sample buffer A Mix equal volumes of waterRand
concentrated SDS-PAGE sampk buffer R.
Sample buffer B (reducing rond;tions) Mix equal volumes of
walerRand concentrated SDS-PAGE sample bufferfor reducing
conditions R.
Test solution (a) Dilute the preparation to be examined in
water R to obtaina concentration of 1.0 mglmL.
To I volume of this solution add 1 volume of concentrated
SDS-PAGE sample bufferR.
Test sonuion (b) (2 per cent control). Dilute 0.020 mL of
test solution (a) to 1.0 mL with sample buffer A.

Test solution (,) (I per cent control). To 0.20 mL of test
solution (b) add 0.20 mL of sample buffer A.

Test solution (d) (0.5 per cent control). To 0.20 mL of test
solution (c) add 0.20 mL of sample buffer A.

Test solution (e) (0.25 per cent control). To 0.20 mL of test
solution (d) add 0.20 mL of sample buffer A.

Test solution (j) (0.1 per cent control). To 0.20 mL of test
solution (e) add 0.30 mL of sample buffer A.

Test solution (g) (0.05 per cent control). To 0.20 mL of test
solution (I) add 0.20 mL of sample buffer A.
Test solution (h) (0.025 per cent control). To 0.20 mL of
test solution (g) add 0.20 mL of sample buffer A.
Test solution ro Prepare as for test solution (a), but using
concentrated SDS-PAGE sample bufferfor reducing conditions R.
Test solutions (j)-(p) Prepare as for test solutions (b)-(h),
but using sample buffer B.
Reference solution (a) Dilute molgramostim CRS in water R to
obtain a concentration of 0.02 mglmL. Mix 1 volume of this
solution with I volume of concentrated SDS-PAGE sample
buffer R.
Reference solution (b) Prepare as for reference solution (a)J
but using concentrated SDS-PAGE sample buffer for reducing
conditions R.
Reference solutum (c) Use a solution of molecular mass
markers suitable for calibrating SDS-PAGE gels in the range
of 14 400-94 000. Dissolve in sample buffer or sample buffer
(reducing conditions), as appropriate.
Sample treatment Boil for 3 min.
Appliration 50 pI; apply reduced and non-reduced
solutionsto separate gels.
Detection Silver staining as described below.
Immerse the gel overnight in a mixture of 10 volumes of
acetic arid RJ 40 volumes of warerRand 50 volumesof
methanol R. Transfer the gel to a 100 gIL solution of
glutaraldehyde R and shake for about 30 min. Replace the
glutaraldehyde solution with waterRJ and keep the gel in
water R for 20 min. Repeat this washing-step twice. Transfer
the gel to a mixture containing 0.75 gIL of sodium
hydroxide R, 14 gIL of concentrated ammonia Rand 8 gIL of
silvernitrate R. This solution is prepared immediately before
use. Place the gel on a shaker in me dark for 5 min. Wash
the gel for 30 s in each of 3 containers withwater Rand
shake thegel in a mixture consisting of 0.05 gIL of cum acid
monohydrate R, 0.05 per cent VIV offarmaldehyde R and

Molgramostim II-329

0.005 per cent VIVof methanol R in waterR. Proteinbands
become visible during this step. Keep the gel in the solution
until sufficiently stained and then rinse the gel repeatedly
with waterR in a shaking water bath. Soakgels in a solution
consisting of 10 percent VIVof acetic acidRand
I per cent VIV of glycerol R.
System suitability:
- the validation criteria are met (2.2.31);
- a band is seen in the eleetropherogram obtained with test

solution (h);
- a gradation of intensity of staining is seen in the

electropherogramsobtained with test solutions (a)-(h)
and (i)-(P);

- the molecular massof the principal band in the
electropherogram obtained withreference solution (a)
or (b) is within the range of 15100 to 17 100.

Limits Compare the staining intensity of each non­
molgramostim bandobserved in theelectropherogram
obtained with test solution (a) to the staining intensity of the
principal band in the elecrropherograms obtained with test
solutions (b)-(h). Proceed similarly with the
eleettopherograrns obtained with testsolutions (i)-(P).
The impurity level is estimated as the dilution, in percentage,
of the solutiongiving the eleetropherogram with the closest
intensity of staining.
Reducing conditions:
- impun'ty with an apparent molecular massof 20 000:

maximum 1 percent;
- impurity with an apparent molecular mass of 25 000:

maximum 0.1 per cent;
- impurity with an apparent molecular massof 30000:

maximum 0.3 percent;
- total: maximum 2 percent.
Non-reducing conditions:
- totalof 011 impuniies of molecular masses higher than 30 000:

maximum I percent.

Related proteins
liquid chromatography (2.2.29): use the normalisation
procedure.
Test solution (a) Dilute the preparation to be examined with
0.05 M phosphate buffer solution pH 7.0 R to obtain a
concentration of 0.5 mglmL.

Testsolution (b) Mix 1 volume of test solution (a) with
4 volumesof a 0.125 mglmLsolution of human albumin R or
bovine albumin R in 0.05 M phosphate buffer solutian pH 7.0 R.
Reference solution (a) Dilute molgramostim CRS with 0.05 M
phosphate buffer solution pH 7.0 R to obtain a concentration of
0.5 mg/mL

Reference solution (b) Mix I volume of reference solution (a)
with 4 volumes ofa 0.125 mg/mL solution of human
albumin R or bovine albumin R in 0.05 M phosphate buffer
sdutio» pH 7.0 R.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped butylsilyl silica gelfor

,hromatography R (5 urn) with a pore size of 30 om.

Mobile phase:
- mobile phase A: to about 800 mL of waterfor

,hromatography R add 1.0 mL of trif/uoroacetir acidRand
dilute to 1000 mL with waterfor ,hromatography R;

- mobile phase B: to 100 mL of water for ,hromatography R
add 1.0 mL of tn'jluoroaati, acidRand 900 mL of
acetonitrile Rt,
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_____________________ P/lE<I

!'hE<I _

DEFINITION
N-(Ethoxycarbonyl)-3-(morpholin-4-yl)sydnonimine.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Sparingly soluble in water, soluble in anhydrous ethanol and
in methylene chloride.
mp
About 142 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison molsidamine CRS.

25717-80-0

Molsidomine
(ph. Bur. monograph 1701)

H c o-~-

3 '--O\..-N~N'-N'\
J ~o

242.2

Action and use
Nitric oxide donor; treatment of angina pectoris.

containing 3 x 105 cells per millilitre, maintaining the cells
in a uniform suspension during addition.
Incubate the plate at 36.0-38.0"C for a minimum of24 h in
a humidified incubator using6 ± I percent CO 2,

Add 25 pL of a 5.0 gIL sterile solution of uerazo/ium
bromide R to eachwell. Reincubate for 5 h. Remove the
plates from the incubator and add to each wel1100 J.1L of a
240 gIL solution of sodium cWdecyl sulfare R previously
adjusted to pH 2.7 with hydrochloric acid. Reincubare
overnight.
Determine the relative quantity of purple fonnazan product
formed in each well by measuring the absorbance (2.2.25)
using a 96-wellmicrotitre platereader. Read each plateat
570 nm and at 690 nm. Subtract the reading at 690 nm
from the reading at 570 nm, Aoalyse the data by fitting a
sigmoidal dose-response curve to the data obtained and by
using. a suitable statistical method, for example the
4-parameter model (see 5.3).

The estimated potencyis not less than 80 per cent and not
more than 125per cent of the stated potency.
The confidence limits (P = 0.95) of the estimated potency
arenot less than 74 percent andnot more than 136 per cent
of the statedpotency.

STORAGE
In an airtight container, protected from light, at a
temperature below -65 "C.

LABELLING
The label states:
- the content, in milligrams of protein permllljllrre,
- the potency, in International Units permilligram of

protein.

Tim. MobUe phase A Mobile phase B
(min) (per cent VIJI) (per cent VIV)

0-30 64 ..... 44 36 ..... 56

30 - 35 44 ..... 0 56 ..... 100

35 - 45 0 '00
45 - 50 0-+64 100 ...... 36

50 - 60 64 36

FWw rare 1.2 mlirnin.
Detection Spectrophotometer at 214 nm.
Injection 100 p.L of [est solution (a), reference solutions (a)
and (b).

Systemsuitability Reference solution (b):
- retention time: molgramostin =about 22 min,
- repeatability: maximwnrelative standard deviation of

5.0 per cent after 4 injections,
- resolution: minimum 2 between the peaks due to albumin

and molgramostim.

Limits:
- atry impun"ty: for each impurity, maximum 1.5 per cent,
- rota! of impuniies etu.ng benueen 5 min and 30 min:

maximum 4 per cent.

Bacterial endotoxin. (2.6.14)
Less than5 ill in the volume thatcontains 1.0 mg of
protein.

ASSAY
Protein
Liquid chromatography (2.2.29) as described in the test for
related proteins.
Injection 150 j1L or test solution (b) and reference
solution (b).
Calculate the content of molgramostim using the declared
content of molgramostim in molgramostim CRS.

Potency
Determination of the biological activity of molgramostim
concentrated solutionbased on the stimulation of
proliferation of TF-I cells by mclgramostim.
The following method uses the conversion of tetrazolium
bromide (MTI) as a staining method. Validated alternative
stainssuch as Almar bluehave also been found suitable.
TF-l cells are incubated withvaryingdilutions of test and
reference preparations of molgramostim. They are then
incubated with a solution of MIT. This cytochemical stain is
converted by cellular dehydrogenases to a purple fonnazan
product. The formazan is then measured
spectrophotometrically, The potencyof the preparation to be
examined is determined by comparison of the dilutions of the
test preparation with the dilutions of the appropriate
International Standard of molgramostim orwith a reference
preparation calibrated in International Units, whichyield the
same response (50 per cent maximal stimulation).
The International Unit is the activity contained in a stated
amount of the appropriate International Standard.
The equivalence in International Units of the International
Standard is stated by the World Health Organization.

Add 50 J!L of dilution medium to all wells of a 96-well
rnicrotitre plate. Add an additional 50 J.1L of thissolution to

the wells designed for the blanks. Add 50 J!L of each solution
to be tested in triplicate (test preparation and reference
preparation at a concentration of about 65 IU/mL, plus a
seriesof 10 twofold dilutions to obtaina standard curve).
Then add to each well 50 J.lL of a TF-l cell suspension
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TESTS
Appearance ofsolutlon
The solution is clear (2.2.1) and not more intensely coloured
than reference solution B 7 (2.2.2, lWemod II).

Dissolve 1.0 g in anhydrous ethanol R byheating at about
50°C for about 5 min and dilute to 20.0 mL with the same
solvent.

pH (2.2.3)
5.5 to 7.5.

Dissolve 0.50 g in carbon dioxide-free Walel'R and dilute to
50.0 mL with the same solvent.

Impurity B
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Detection Spectrophotometer at 240 nm.
Injection 20 J1L of test solution (a) and reference
solution (b).

Relativeretention With reference to molsidomine (retention
time = about 9 min): impurity B = about 0.43.

System suitability Reference solution (b):
- signal-to-noise ratio: minimum 20 for the principal peak.
Limit:
- impun"ty B: not more than the area of the corresponding

peakin the chromatogram obtained withreference
solution (b) (3 ppm).

Impurity E
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.200 g of the substance to he
examined in the mobile-phase and dilute to 100.0 mLwith
the mobilephase.
Reference solution (a) Dissolve 50.0 mg of morpholine for
chromatograp/ly R in 500.0 mL of water for chromalOgrap/ly R.
Dilute 20.0 mL of the solution to 500.0 mL with waterfor
chromalOgrap/ly R. Dilute 5.0 mL of this solution to
100.0 mL with waterfor chromalOgrap/ly R.
Reference solution (b) Mix 10.0 mL of the test solution with
10.0 mL of reference solution (a).
Column:
- size: 1= 0.25 m, 0 = 4.0 mrn;
- stationary phase: resin for reversed-phase ion

chromalOgraphy R;
- zemperature: 25 "C.
Mobile phase Mix 3.0 mL of meihanendfonic acidR and
75 mL of acewnitrile R in waterfor chromatograp/ly Rand
dilute to 5000 mL with waterfor chromalOgrap/ly R.
Suppressor regenerant waterfor chromawgraphy R.
Flowrate 1.0 mUmin.

Expected background conductivity Less than 0.5 ~S.

Detection Conductivity detectorat 10 )lS.
I,yecoon 50 l'1..
Run time 20 min.
Relative retention \Vilh reference to molsidomine (retention
time = about 3 min): impurity E = about 2.4.

System suitability Reference solution (b):
- signal-to-noise ratio: minimwn 6 for the peakdue to

impurity E.
Limit;
- impurity E: not more than the area of theprincipal peak in

the chromatogram obtained with reference solution (a)
(0.01 per cent).

Molsidomine 11-331

Related substances
Liquid chromatography (2.2.29). Protect the solutions from
light.

Solventmixture methanol R, mobile phase A (10:90 VIV).

Testsolution (a) Dissolve 0.200 g of the substance to be
examined in 2.5 mL of methanol R and dilute to 5.0 mL with
mobile phase A.
Test solution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with the solvent mixture,
Reference sohuion (a) Dilute 1.0 mL of test solution (b) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (6) Dissolve 2.4 mg of molsidomine
impun',y B CRS in 80 mL of methand R and dilute to
100.0 mL with methanol R. Dilute 2.0 mL of the solution to
100.0 mL with the solvent mixture. Dilute 5.0 mL of this
solution to 20.0 mL with the solvent mixture,
ReferenCJJ solution (c) Dissolve 10 mg of linsidomine
hydrochloride R (impurity A) and 5 mg of mdsidomine
impurity D CRS in 10 mL of methawl R and dilute to
50.0 mL with the solvent mixture. Dilute 5.0 mL of this
solution to 50.0 mL with the solvent mixture.
Column:
- size: 1= 0.15 m, '" = 4.6 mrn;
- staoonary phase: etui-eapped octadecy/silyl silica gelfor

chromalOgrap/ly R (5 pm);
- temperature: 30°C.
Mobile phase:
- mobile phase A: dissolve 4.0 g of potassium dihydrogen

phosphate R in water for chromalOgraphy R and dilute to
1000 mL with the same solvent;

- mobile phase B: methanol Rl;

Tbn. Mobile phase A MobUe phase B
(n>In) (per cent VII') (per cent VIJI)

0-3 90 10

3 - 10 90 -J 20 10 -+ 80

10-13 20 80

Flow rate 1.3 mIlmin.

Detetuon Spectrophotometer at 210 nm.
[njudon 20 J,1L of test solution (b) and reference
solutions (a) and (c).

Relativeretention With reference to molsidomine (retention
time = about 9 min): impurity A = about 0.2j
impurity D = about 0.3.

System suitability Reference solution (c):
- resolution: minimum 3.5 betweenthe peaksdue to

impurities A and D.
Limits:
- unspecified impmitie.s: for each impurity, not more thanthe

area of the peak due to molsidomine in the chromatogram
obtainedwith reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the peak due to
molsidomine in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- disregard limit. 0.5 times the area of the peak due to
molsidomine in the chromatogram obtained with
reference solution (a) (0.05 per cent).

Loss on drying (2.2.32)
Maaimum 0.5 per cent, determined on 1.000 g by dtying in
an oven at 105 "C.
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Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 5 mL of acetic anhydride R
and 50 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchloric add, determining the end-point potentiometrically
(2.2.20).

1 mL of 0.1 M pereh/oric acid is equivalent 10 24.22 mg
of C,H,.,N,O,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, B.

Otherdetectable impun'ties (the follawing substances would, if
present at a sufficient level, be detected by one or other 0/the tests
in the monograph. They are limited by thegeneral acaptance
criterion for otherlunsp«ified ;mpun·ties and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
there/ore not neussaryto identify these impun·t;es for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutkal use) A, C, D.

Mometasone Furoate
(ph. Bur. monograph 1449)

CI
o 0

CH, o~

·-CH 3 ~J
~",.V""I/C"'--/ H

o

521.4

Action and use
Glucocorticoid.

Preparations
Mornetasone AqueousNasal Spray
Momerasonc Cream
Mometasone Inhalation Powder, Pre-metered
Mometasone Ointment
Mometasone ScalpApplication

**** ** ** ****

83919-21-7

PIlE" ~ _

OHC'Nl

~o

NC~N"'Nl

~o

A. 3-(morpholin-4-yl)sydnonimine (linsidomine),

B. 4-nitrosomorpholine,

C. (2E)-(morpholin-4-ylimino)acetonitrile,

D. morpholine-4-carbaldehyde,

E. morpholine.

DEFINITION
9,21-Dichloro-11 P-hydroxy-16et-methyl-3,20-dioxopregna­
1,4-dien-17-yl furan-2-carboxylate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite powder.

SoIublllty
Practically insoluble in water, soluble in acetone and in
methylene chloride, slightly soluble in ethanol (96 per cent).

IDENTIFICATION
First i'dentification: A} D} E.
Second identification: BJ C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison nwmctasone furoate CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in the mobile phase anddilute to 10.0 mLwith
the mobile phase.
Reference solution Dissolve 10 mg of mometasone furoate CRS
in the mobile phase and dilute to 10.0 mL with the mobile
phase.
PIa", TLC silica gelF", pia",R.

Mobile phase methanol R, methylene chloride R (10:90 VII').
____~ PIIE" Applicatwn 10 IJ!..; the volume may be adapted based on the

type of plate used.

Development Over 314 of the plate.

Drying In air.
Detection Spraywith a solution prepared as follows: dissolve
0.25 g of 2,4-dihydroxybenza/dehyik R in glacial acetic acidR,
dilute to 50 mL with the same solvent and add a mixture of
12.5 mL of su//uri<; add R and 37.5 mL of glacial acetic
acidR; heat the plateat 90°C for35 min or until the spots
appear and allow to cool; examine in daylight and in
ultraviolet light at 365 om.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to

www.webofpharma.com



2022 Mometasone Furoate II-333

A. 21-chloto-16,-methyl-3,20-dioxopregna-I,4,9(11)-trien­
17-yl furan-z-carboxylare,

B. 9-ehloto-17P-(2,2-dioso-2,5-dihydro-l,21.6-osathiol-4-yl)­
IIp-hydroxy-16,-methyl-3-oxoandrosta-1 ,4-dien-17a-yl
furan-2-carboxylate,

Limits:
- impurity J: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.3 pet cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

o

ASSAY
Liquid chromatography (2.2.29) as described in the test for
relatedsubstances with the following modification.
Injection Test solution (b) and referencesolution (c).

Calculate the percentage content of C27H30CIz06 takinginto
account the assigned content of mometasone furoau
monohydrate CRS.

IMPURITIES
Specified impurities J.
Otherdetectable impurities (thefollowing substances -uould, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are timiud by thegeneral acceptance
criterion for otheriunspecified impurities andlorby the general
monograph Substances for pharmaceutical us, (2034). It is
therefore notnecessary 10 identify these impurities for
demonstration of ",mplia"",. See a~o 5.10. Control of impurilies
in substances for phannaceutical use) A, B, C, D, E, F, G, H,
I, K, L, M, N) 0, P, {1 R, S, T, U.

o

the principalspot in the chromatogram obtained with the
reference solution.
C. Mix 80 mg with 0.30 g of anhydrous sodium carbonaw R
and ignite in a crucible until an almost white residue is
obtained. Allow to cool and dissolve me residue in 5 mL of
dilute mine acid R; filter. To 1 mL of the filtrate add 1 mL of
waWr R. The solution gives reaction (a) of chlorides (2.3.1).

D. Examine the chromatograms obtained in the assay.
Results The principal peakin the chromatogram obtained
with test solution (b) is similarin retention time and size to
me principal peakin the chromatogram obtainedwith
reference solution (c).
E. Loss on drying (see Tests).

TESTS
Specific optical rotation (2.2.7)
+ 50 to + 55 (dried substance).
Dissolve 50.0 mg in ethanol (96 percent) R and dilute to
10.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the sdudons
immediately before use.
Solv'nt mixture Mix 200 mL of acetonitrile Rand 200 mL of
water R, then add 0.4 mL of acetic acid R.
Testsolution (a) Dissolve 25.0 mg of the substance to be
examined in 15 mL of acetonitrile R and dilute to 5000 mL
with the solvent mixture.
Test soluuon (1)) Dilute 5.0 mL of test solution (a) to
25.0 mL with the solvent mixture.
Reference solution (a) Dissolve 5 mg of mometaso", [urease for
system suitability CRS (containingimpurities C andn in
3 mL of acetonitrile R and dilute to 10 mL with the solvent
mixture.
Reference sdution (1)) Dilute 1.0 mL oftest solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (c) Dissolve 25.0 mg of mometasone furoate
monohydrate CRS in 15 mL of acetonitrile R and dilute to
50.0 mL with the solvent mixture. Dilute 5.0 mL of the
solution to 25.0 mL with the solvent mixture.
Column:
- size: I;;;; 0.25 m, 0 ;;;; 4.6 nun;
- stationary phase: end-capped oaad'0'lsilylsilica g,1for

chromatography R (5 um),

},tfob11e phase acetonitrile R, waterfor chromatography R
(50:50 VIV).

Flow raw 1.0 mllmin.
Detection Spectrophotometerat 254 run.
Injection 20 ilL of test solution (a) and reference
solutions (a) and (b).

Run time 3.5 times the retention time of mometasone
furoate.
Identification of impurities Use the chromatogram supplied
with mometasone funxue for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities C and J.
Relativeresention With reference to mometasone furoate
(retention time ;;;; about 24 min): impurity C ;;;; about 0.9;
impurity J = about 1.5.

System suitabt1ity Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity C and mometasone furoate.
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D. 21-chloro-9,11 p_epoxy_16lX_methyl_3,20_dioxo-9p.pregna­
I ,4-dien-17-yl furan-2-carboxylate,

C. 21-cWoro-I6a-methyl-3,11,20-trioxopregna-I,4-dien-17 -yl
furan-2-carboxylate,

o cia

CH3_ ...0~
ell, L)

;-""'/T'-J H

o

1. 6~-(acetyloxy)-9,21-dicWoro-ll p.hydroxy-16lX-methyl­
3,20-dioxo-5~-pregn-I-en-17-yl furan-2-carboxylate,

o

E. 9,21_dicWoro_16a_methyl_3,ZO-dioxopregna-l,4-diene­
IIp,17-diyl di(furan-2-<:arboxylale),

J. 9,21-dicWoro-11 p.hydroxy-6lX,tee-dimethyl-3,20­
dioxopregna-l,4-dien-17-yl furan-2-carboxylate,

o

F. 9,21-dicWoro-11 p.hydroxy-16lX-methyl-3,6,2o­
trioxopregna-lA-dien-I7-yl furan-2-carboxylate,

K. 9-cWoro-ll p,17,21_trihydroxy_I6a_methylpregna-1,4­

diene-3,20-dione,

o

L. 9,llp.epoxy_17,21-dihydroxy-16lX-methyl-9p.pregna-I,4­

diene-3,20-dione,

o

o

G. 9,21-dicWoro-11 p,17_dihydroxy_I6a_methylpregna-I,4­
diene-3,20-dione (mometasone),

M. 9-cWoro-ll p,17-dihydroxy-I6a-methylpregna-I,4-diene­

3,20-dione,

H. 9-cWoro-11 P,21-dihydroxy_I6a_methyl_3,2o-dioxopregna­
1,4-dien-17-yl furan-z-carboxylare.

o

N. 9-cWoro-ll p,17_dihydroxy_I6lX_methyl_3,20_dioxopregna­
J,4-dien-21-yl methanesulfonate,
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141646-00-6539.4

o °0

."'/~JC._H,..----o~
....CH3 6-.1
H • ",0

o

Action and use
Glucocorticoid.

(Ph. Eur. monograph 2858)

DEFINITION
9,21-Dichloro-II~-hydroxy-16~-methyl-3,2o-dioxopregna­
1,4-dien-17-yl furan-2-carboxylate monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACrERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, soluble in acetone and in
methylene chloride, slightlysoluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mometasone furoate monohydrate CRS.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtainedwith
reference solution (c).

C. Water (see Tests).

TESTS
Specific optical rotation (2.2.7)
+ 50 to + 55 (anhydrous substance).

Dissolve 50.0 mg in ethanol (96 perce1IV R and dilute to
10.0 rnL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutiom
immediately before use.

Solvent mixture Mix 200 mL of acetonitrile Rand 200 mL of
waterR, then add 0.4 mL of acetic acidR.
Test solution (a) Dissolve 25.0 mg of the substance (0 be
examined in IS mL of acewnirrile R and dilute to 50.0 mL
with the solvent mixture.
Test solution (b) Dilute 5.0 mL of test solution (a) to
25.0 mL with the solvent mixture.

Reference solution (a) Dissolve 5 mg of mometasone furoatefor
system suitabiliry GRS (containing impurity C) in 3 mL of
acetonitrile R and dilute to 10.0 mL with the solvent mixture.
Reference solurion (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (c) Dissolve 25.0 mg of mometasone furoate
monohydrate CRS in 15 mL of acetonitrile R and dilute to

PhE" _

Mometasone Furoate Monohydrate

CI

0-b
'--OH

····CH3
"".I/",r/C~ H

o

o

o

o
o.J(

CH,

Q. 21-chloro-9, Ill}-epoxy-17-hydroxy-Itic-methyl-eji-pregna­
1,4-diene-3,20-dione;

O. s-chloro-Hjl,17-dihydroxy-loo-methyl-3,20-dioxopregna­
1,4-dien-21-yl acetate,

o

o

P. 9-chloro-II~,17-dihydroxy-loo-methyl-3,20-dioxopregna­
1,4-dien-21-yl furan-2-earboxylate,

o

R. 9-chloro-ll ~-hydroxy-21-[(methanesulfonyljoxyl-Ie«­
methyl-3,20-dioxopregna-1 ,4-dien-17-yl furan-2­
carboxylate,

S. 9,21-dichloro-11 ~-hydroxy-16~-methyl-3,20-dioxopregna-
1,4-dien-17-yl furan-2-carboxylate,

o Cl0

CH3. 0~

CH, h-{
"".I/",r/Ci~ H CI

T. 9,21-dichloro-lll}-hydroxy-loo-methyl-3,20-dioxopregna­
1,4-dien-17-yl 5-chlorofuran-2-carboxylate,

u. unknown structure.
____________________ PhE"
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o

CIo 0

,,_/~_C,_H,-< ..._O~
""CH3 XJ
H

o

CI

.: o~
""CHJ XJ

~--"_I/r--..I/j-~ H

a

a

B. 9-chloro-I7~-(2,2-dioxo-2,5-dihydro-l,2A'-oxathiol-d-ylr­
Illl-hydroxy-I6rt-methyl-3-oxoandrosta-l,4-dien-17ll-yl
furan-z-carboxylate,

a

CI
a a

CH, ~····0 ?"

····CH3 0

H

a

C. 21-chloro-I6rt-methyl-3,11,20-trioxopregna-I,4-dien-17-yl
furan-2-carboxylate,

D. 21-chloro-9, llll-epoxy-I6rt-methyl-3,20-dioxo-9Il-pregna­
1,4-dien-17-yl furan-2-carboxylate,

E. 9,21-dichloro-16ll-methyl-3,20-dioxopregna-1 ,4-diene­
ll~,17-diyl di(furan-2-carboxylate),

F. 9,21-dichloro-llll-hydrnXY-I611-methyl-3,6,20­
trioxopregna-I,4-dien-17-yl furan-z-carboxylate,

50.0 mL with the solvent mixture. Dilute 5.0 mL of the
solution to 25.0 mL with the solvent mixture.
Column:
- size: I :::: 0.25 m, 0 = 4.6 nun;
- Sla,ionary phase: end-capped oaadeeylsilyl silica gelfor

chromotagraphy R (5 pm),

lvlobiJe phase acetonitrile R, waterfor chromatography R
(50:50 VII').
Flow rale 1.0 mUmin.

Detection Spectrophotometer at 254 om.

Injection 20 IJL of test solution (a) and reference
solutions (a) and (b).

Run lime 3.5 times the retention time of mometasone
furoate,

Identification 0/impun",Ws Use the chromatogram supplied
with mometasone juroate for synem suitability CRS and the
chromatogram obtained withreference solution (a) to
identify the peak due to imputity C.

Relative retention Withreference to mometasone furoate
(retention time =about 24 min): impurity C =about 0.9.

System SUiUlbility Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity C and rnometasone furoate.
Limits:
- unspecified impun"ties: for each impurity) not more than the

area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.3 per cent); .

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwithreference solution (b)
(0.05 per cent).

Water (2.5.12)
2.5 per cent to 4.0 per cent, determined on 0.200 g.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
relatedsubstances with the following modification.
/njeuion Test solution (b) and reference solution (c).
Calculate the percentage content of C27H30Ch06 taking into
account the assigned content of momelaSone furoate
monohydrate GRS.

IMPURITIES
Otherdetectable impuriti<s (thefollowing substances would, if
present at a sujJident level, be detected by oneorother of the tests
in the monograph. They are limited by thegeneral acuptance
criterion for other/unspecified impurities andlor by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary ta identify these impuritres for
demonstration of complianc~ See also 5.I O. Control of impuriti<s
in substanus for pharmaceutical use) A, B, C, D, E, F, G, H,
I,J,K, t; M, N, OJ P, Q., R, S, T, u.

o o

A. 21-cWoro-16ll-methyl-3,20-dioxopregna-I,4,9(11)-trien­
17-yl furan-2-carboxylate,

G. 9,21-dichloro-ll ~,17-dihydroxy-I611-methylptegna-l,4­
diene-3,20-dione (mometasone),

J
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o

H. 9-chloro-11 ~,21-dihydroxy-1oo-methyl-3,20-dioxopregna­

1,4-dien-17-yl furan-2-carboxylate,

o
\\(/0

0-5,
CIi,

N. 9-chloro-II~,17-dihydroxy-1oo-methyl-3,20-dioxopregna­
l,4-dien-21-yl methanesulfonate,

o

o
OJ....

CH,

o

o0-0
.~, ./'0-. L'<· ·OH

o

o

Q. 21-chloro-9,11 ~-epoxy-17-hydroxy-loo-methyl-9p-pregna­

1,4-d.iene-3,20-dione,

O. 9-chloro-11 ~,17-dihydroxy-Ioo-methyl-3,20-dioxopregna­
1,4-dien-21-yJ acetate,

P. 9-chloro-ll~,17-dihydroxy-1oo-methyl-3,20-dioxopregna­
1,4-dien-21-yl furan-2-carboxylate,

o

o

o CIo

/',C,.H_....3 -, ..o~
"CH3 bJ
H

K. 9-chloro-ll~,17,21-trihydroxy-16a-methylpregna-I,4­
diene-3,20-dione,

J. 9,21-dichloro-11~-hydroxy-6a,1oo-dimethyl-3,20­
dioxopregna-l,4-dien-17-yl furan-2-caeboxylate,

1. 6~-acetoxy-9,21-dichloro-llll-hydroxy-1 oo-methyl-3,20­
dioxo-5~-pregn-I-en-17-ylfuran-2-carboxylate,

L. 9, Illl-epoxy-17,21-dihydroxy-16a-methyl-9Il-pregna-I,4­
diene-3,20-dione,

R. 9-chloro-ll ~-hydroxy-16a-methyl-21-[(methylsulfonyl)
oxy)-3,20-dioxopregna-1 ,4-dien-17-yl furan-2-carboxyiate,

o o

M. u-chforo-If S,17-dihydroxy-I oo-methylpregna-I ,4-diene­
3,20-dione,

S. 9,21-dichloro-11 ~-hydroxy-16~-methyl-3,20-dioxopregna­

1,4-dien-17-yl furan-2-carboxylate,
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____________________ PhE"

T. 9,21-dichloro-Ilfl-hydroxy-I6«-methyl-3,2o-dioxopregna­
1,4-dien-I?-yl5-eWorofuran-2-carboxylate,

U. unknown structure.

o

Montelukast Sodium
(ph. Eur. monograph 2583)

Testsolution Dissolve 50 mg of the substance to be
examined in the solvent mixture and dilute [0 50.0 mL with
the solvent mixture.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solventmixture. Dilute 1.0 mLof this
solution to 10.0 mL withthe solvent mixture.

Reference solution (b) Dissolve the contents of a vial of
monuluhastracemate CRS in 1.0 mL of the solvent mixture.
Column:
- size: 1== 0.15 In, 0 :::: 4.0 mm;
- stationary phase: silica gd AGP for chimlchromatography R

(5 pm);
- temperature: 30°C.
Mobile phase:
- mobile phase A: 2.3 gIL solution of ammonium acetate R

adjusted to pH 5.7 withglacial acetic acid R;
- mobile phase B: acetonitrile R, methanol R (40:60 VII');

Action and use
Leukotriene CysLTl receptor antagonist; treatment of
asthma.

Preparations
Montelukast Chewable Tablets

Montelukast Granules
Montelukast Tablets

CI

C3,H"ClNNa03S 608 151767-02-1

Time Mobile phase A MobUephase B
(mln) (per cent VIJI) (per cent YII?
0-30 70 --t 60 30 --t 40

30·35 60 40

Flowrate 0.9 mUmin.

Detection Spectrophotometer at 280 nm.

Injection 10 ~L.

Relative retention Wilh. reference to montelukast (retention
time = about 25 min): impurity A = about 0.7.

System suitability:
- resolution: minimwn 2.9 between the peaksdue to

impurity A and monte1ukast in the chromatogram
obtainedwith reference solution (b);

- signal-co-noise ratio: minimum 10 for the principal peakin
the chromatogram obtained with reference solution (a).

Calculate the percentage contentof impurity A using the
following expression:

Limit:
- impuniyA: maximum 0.2 per cent.

Related substances
Liquidchromatography (2.2.29): use the normalisation
procedure. Cony au' the test protected from light. Prepare the
SolUlions in amber flasks.
Solven' mixeure waterR, methanol R (10:90 VII').
Test ,olu'ion (a) Dissolve 50.0 mg of the substance to be
examinedin the solvent mixture and dilute to 50.0 mLwith
the solvent mixture.
Test'olution (b) Dilute 10.0 mL of lest solution (3) to
100.0 mL with the solvent mixture.

Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 20.0 mL with the solventmixture.
Refetence sohuion (b) Dissolve 10 mg of monuiukas: for peak
identification CRS (containing impurities B, C, D, E andF)
in the solvent mixture and dilute to 10.0 mL with the solvent
mixture.

PhE" _

DEFINITION
Sodium [1- [[[(IR)-I-[3- [(E)-2-(7-chloroqulnolin-2­
yl)ethenyl] phenyl]-3-[2-( I-hydrnxy-I-methylethyl)
phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, hygroscopic powder.

Solubility
Freely soluble in water and in methylene chloride, freely
soluble to very soluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison montelukast sodium CRS.
B. Enantiomeric purity (see Tests).

C. Ignite 0.1 g in a crucible until an almostwhite residue is
obtained. Take up me residuein 2 mL of waterR and filter.
The filtrate gives reaction (a) of sodium (2.3.1).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29). Cony au' the testprouaed
from light Prepare the solutions in amber flasks.
Solven'mIXture acetonitrile R, waterR (50:50 VIV).

" area of the peak due to impurity A in the chromatogram
obtainedwim me testsolution;
sum of the areas orthepeaksdue to montelusasr and
impurity A in the chromatogramobtained wirhthe test solution.
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Reference solution (c) In order to prepare impurity G in situ)
transfer 1 mL of reference solution (b) to a colourless glass
vial and expose to ambient light for about 20 min.

Reference solution (d) Dissolve 65.0 mg of montelukast
dicydohexylamin» CRS in the solvent mixture and dilute to
50.0 mL with the solvent mixture. Dilute 10.0 mL of the
solution to 100.0 mL with the solvent mixture.

Column:
- size: / =0.05 m, 0 = 4.6 mm;
- stationary phase: phenylsily/ silica gelfor chromatography R

(1.8 ~m);

- temperature: 30 "C.

Mobile phase:
- mobuephaseA: mix 1.5 mL of trifiuoroace,ic acidRand

1000 mL of waUl"R;
- mobile phase B: mix 1.5 mL of trifluoroacetk acid Rand

1000 mL of acetonitrile R;

CH,

CH,

",I

H".S~C~H

I""

CI

AI xm2x79.24xp

A,xmjx(IOO-a)

AI area of the principal peak in the chromatogram obtained with
lest solution (b)j

A 2 area of the principal peak in the chromatogram obtained with
reference solution (d)j

ml mass of the substance to be examined used to prepare test
solution (a), in milligrams;

rna mass of IlIomd"kast dit:ydohtxylamine CRS used to prepare
reference solution (d), in milligrams;

p declared percentage content of nrollulilkau
dicydohexylamine CRS;

a percentage content of water in the substance to be examined"

CI

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impuruies A, B, C, D~ E, F, G.
Otherdetectable impurities (thefoliooJing substances would, if
present at a sufficient level, be detected by one or otherof the teSts

in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impun"lies and/or by the general
monograph Substances for pharmaceutical use (2034). I, is
therefore not neussary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) H, I"

A. [1-[[[(IS)-I-[3-[(E)-2-(7-cWoroquinolin-2-yl)
ethenyl)phenyl]-3- [2-( I-bydroxy-I-methylethyl)phenyl]
propyl]sulfanyl]methyl]cyclopropyl)acetic acid,

B. [1-[[[( IR)-I-[3-[(E)-2-(7-chloroquinolin-2-yl)
ethenyl]phenyl]-3- [2-(I-methylethenyl)phenyl]propyl]
sulfanyl]methyl]cyclopropyl]acetic acid,

C. [1-[[[1-[3-[(E)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3­
[2-( I-hydroxy-I-methylethyl)phenyl]propyl]sulfinyl]
methyl]cyc1opropyl]acetic acid,

40

40 ..... 51

Mobile phase B
(per cent VIl?

60

60 -+ 49

Mobile phase A
(per eeet V!J')

Time
(min)

0-3

:3 - 16

FiOOJ rate 1.2 mllmin.

Detection Spectrophotometer at 238 nrn.

Injection 10 lJ.L of test solution (a) and reference
solutions (a) and (c); 20 ~L of reference solution (b).

Identification of impurities Use the chromatogram supplied
with montelukast forpeak idemlfianion CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C, D, E and F, use
the chromatogram obtained with reference solution (c) to
identify the peak due to impurity G.

Relative retention With reference to montelukast (retention
time =about 7 min): impurity C =about 0.4;
impurity G = about 0.8, impurities D and E = about 0.9;
impurity F =about 1.2; impurity B =about 1.9.

System suitability Reference solution (c):
- resolution: minimum 2.5 between the peaks due to

impurity G and montelukast; minimum 1"5 between the
peaks due to montelukast and impurity F.

Limits:
- impun"O' B: maximum 0.3 per cent,
- impmiO'C: maximum 0.2 per cent;
- impurities F, G: for each impurity, maximum

0"15 per cent,
- sumof impurities D and E: maximum 0.15 per cent,
- unspecified impun"ties: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent,
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 4.0 per cent, determined on 0.300 g-

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Injection Test solution (b) and reference solution (d).

Calculate the percentage content of C35H35CINNa03S using
the following expression:
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CI
~

N H..S~C02H
~

"'" "'"
H OH
CH,

aod epimer atC' CH,

CI
~

N
~

H,.S~C02H

"'" "'" ~H CH,

CH,

Hoze

D. 1-[[[( IR)-I-[3-[(I R)-I-[([ I-(carboxymethyl)
cyclopropyl]rnethyl]sulfanyl)-2-(7-chloroquinolin-2-yl)
ethyl)phenyl]-3- [2-( l-hydroxy-I-methylethyl)phenyl)
propyl]sulfanyl)methyl]cyclopropyl)acetic acid,

I. (2RS)-[I- [[[(IR}-I-[3-[(E)-2-(7-chloroquinolin-2­
yl)ethenyl)phenyl)-3- [2-( I-hydroxy-I-methylethyl)
phenyl)propyl)sulfanyl)methyl)cyclopropyl] (hydroxy)acetic
acid.

__________________ PhEll

CI

E. 1-[[[(lR}-I-[3-[(IS)-I-[[[I-(carboxymethyl)
cyclopropyl]rnethyl]sulfanyl)-2-(7-chloroquinolin-2-yl)
ethyl) phenyl)-3-[2-( I-hydroxy-I-methylethyl)phenyl)
propyl]sulfanyl]methyl]cyclopropyl)acetic acid,

Morphine Hydrochloride
(Ph. Bur. monograph 0097)

CI H..S~C02H
C17H,oCIN03,3H,O 375.8

Action and use
Opioidreceptor agonist; analgesic.

Preparation
Morphine Suppositories

6055-06-7

CI

""I

H. [1-[[[(IR)-I-[3-[(E)-2-(7-chloroquinolin-2-yl)
ethenyl]phenyll-3-[2-(methoxycarbonyl)phenyl]propyl]
sulfanyl]rnethyl)cyclopropyl]acetic acid,

DEFINITION
7>8-Djdehydro-4,5~-epoxy-17-methylmorphinan-3,6G<-diol
hydrochloride trihydrate.

Content
98.0 per cenr to 102.0 per cent (arthydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless, silky
needles or cubical masses, efflorescent in a dry atmosphere.

Solubility
Soluble in water, slightly soluble in ethanol (96 per cent),
practically insoluble in toluene.

IDENTIFICATION
First identification: A, E.
Second identijicaeWtr: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison morphine hydrochloride trihydrale CRS.
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Sdution A Dissolve 25.0 mg in 'Water R and diluteto
25.0 mL with the same solvent.
Test sdution (a) Dilute 10.0 mL of solution A to 100.0 rnL
with waterR.
Test solution (b) Dilute 10.0 mL of solution A to 100.0 mL
with 0.1 M sodiwn hydrYJXi,k.
Spectral range 250-350 nm for test solutions (a) and (b).

Absorption maximum At 285 nm for test solution (a);
at 298 nm for test solution (b).

PhEIl _

o

oct\,

Ct\,

CH,

~ ...S~~H

H•.S~C0:2H

CI ""

F. [1-[[[(IR)-3-(2-acetylphenyl)-I-[3-[(E)-2-(7­
chloroquinolin-2-yl)ethenyl]phenyl)propyl]sulfanyl)
rnethyl)cyclopropyl)acetic acid,

G. [1-[[[(IR)-I-[3-[(Z)-2-(7-chloroquinolin-2-yl)
ethenyl)phenyl]-3-[2-(I-hydroxy-I-rnethylethyl)phenyl)
propyl]sulfanyl)methyl)cyclopropyl]acetic acid,
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Specific absotbance at the absorption maximum 37 to 43 for
test solution (a), 64 to 72 for test solution (b).

C. To about 1 mg of powderedsubstance in a porcelain dish
add 0.5 mL of sulfuric acid-formaldehyde reagent R. A purple
colour develops and becomes violet.
D. It gives the reaction of alkaloids (2.3.1).

E. It gives reaction (a) of chlorides (2.1.1).

TESTS
SoIudon S
Dissolve 0.500 g in carbon dioxide-free waterR and dilute to
25.0 rnLwith the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
manreference solutionY6 or BY6 (2.2.2, Ivlet./wd II).

Acidlty or alkalinity
To 10 mL of solution S add 0.05 mL of methylred solution R.
Not more than 0.2 mL of 0.02 M sodium hydroxide or 0.02 M
hydrochloric acid is required to change the colour of the
indicator.

Specific opdcal rotadon (2.2.7)
-110 to -ll5 (aohydrous substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.125 g of the substance (0 be
examined in a 1 per cent VIV solutionof acen, addRand
dilute to 50 mL with the same solution.
Reference so/mum (a) Dilute 1.0 mL of the test solution to
100.0 mL with a 1 per 'Cent VIVsolution of acetic acid R.
Dilute 2.0 mL of this solution to 10.0 mL with a
1 per cent VIVsolutionof acetic acidR.
Reference solution (b) Dissolve 5 mg of morphine for system
suimbilliy CRS (containing impurities B, C, E and F) in a
1 percent VIV solutionof acetic acidR and dilute to 2 mL
with the same solution.
Column:
- size: 1= 0.15 m, I£) =4.6 mm;
- smuonary phase: end-capped o<tatle<ylsilyl silica gelfor

,hromawgraphy R (5 um);
- temperature: 35 QC.
Mobile phase:
- moMephase A: 1.01 gIL solution of sodium

heptanendfonate R adjusted to pH 2.6 with a
50 per cent VIV solution of phosphoric acidR;

- mobile phase B: methanol Ri

Time Mobile pbase A Mobile phase B
(min) (per- cent V/J? (per cent VIJI)

0-2 85 IS

2·35 85 --. 50 15 -f 50

35 - 40 50 50

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 230 om.
Injection 10 I'L
Identification of impun'ties Use the chromatogram supplied
with morphine for sysrem su,iob,7i<y CRS aod the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C, E and F.
Relative retention Withreference to morphine (retention
time =about 12.5 min): impurity F =about 0.95;

Morphine Hydrochloride 11-341

impurity E = about 1.1; impurity C = about 1.6i
impurity B = about 1.9.

System suitabiltiy Reference solution (b):
- peah-to-ualley ratio: minimum 2, whereHI' = heightabove

the baseline of thepeakdue to impurity F and
H. =height above the baseline of the lowest point of the
curveseparating this peak fromthe peak due to
morphine,

Limits:
- correction [actors: for the calculation of content, multiply

the peakareas of me following impurities by the
corresponding correction factor: impurity B = 0.25;
impurity C = 0.4; impurity E = 0.5;

- impurity B: not more than twicethe area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.4 per cent);

-,-- impurities G, E: for each impurity, not more than the area
of the principal peakin the chromatogram obtained with
reference solution (a) (0.2 per cent);

- altYother impun'ty: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.2 percent);

- total: not more than5 times the area of the principal peak
in the chromatogram obtained withreference solution (a)
(1.0 per cent);

- disregard limit. 0.25 times the area of theprincipal peakin
the chromatogram obtained withreference solution (a)
(0.05 per cent).

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Subsmnas for
pharmaceutical use (2014) do not apply.

Water (2.5.12)
12.5 per cent to 15.5 per cent, determined on 0.10 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 5 mL of 0.01 M hydroehlari<
acidand 30 mL of ethanol (96 per<en,) R. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion,
I mL of 0.1 M sodium hydroxide is equivalent to 32.18 mg
of Ct7H20CINO,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, C, E.
Other detectable impurities (thefollowing subS/ances would, if
present at a sufficient leve/J be detected by oneor otherof the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for otherlunspeafied impun·ties. It is therefore not
necessary W identify these impun·ties for demonstration of
comp/iance. See also5.10. ConlTOl of impurities in substances for
pharmaceutical use) A, D, F.
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6211-15-0759

Action and use
Opioidreceptor agonist; analgesic.

Preparations
Morphine Granules for Oral Suspension
Morphine Sulfate Injection

Morphine Sulfate Oral Solution
Morphine Suppositories
Morphine Tablets
Morphine Prolonged-release Capsules

Morphine Prolonged-release Tablets

Morphine Sulphate

(Ph. Bur. monograph 1244)

Morphine Sulfate

DEFINITION
Di(7 ,8-didehydro-4,5<X-epoxy-17-methylmorphinan-3,OO-diol)
sulfate pentahydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Soluble in water, very slightly solublein ethanol
(96 per cent), practically insoluble in toluene.

IDENTIFICATION
First identification: A, E.
Seamd identification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 20 mg in 1 mL of waterR, add
0.05 mL of 1 M sodium hydroxide and shake. A precipitate is
formed, Filter, washwith 2 quantities, each of 0.5 mL, of
water R and dry the precipitate at 145°C for 1 h. Prepare
discs usingthe dried precipitate.
Comparison Repeat the operations using 20 mg of morphine
rolfale CRS. ,
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Solution A Dissolve 25.0 mg in waterR and dilute to
25.0 mL with the same solvent.
Test solution (a) Dilute 10.0 mL of solution A to 100.0 mL
with water R.
Tes'sohnion (b) Dilute 10.0 mL of solution A to 100.0 mL
with 0.1 M sodium hydroxide.
Spectral range 250-350 om for test solutions (a) and (b).

Absorption maximum At 285 run for test solution (a);
at 298 om for test solution (b).

""ElI _

"CH3

®
o~. H\ N

- H

#
•• " I H

HO O"HOH

B. 7,7' ,8,8'-tetradehydro-4,5lX:4',5'a-diepoxy-17,17'­
dimethyl-2,2'-bimorphinanyl-3,3',6lX,6'«-tetrol (2,2'­
bimorphine),

A. 7,8-didehydro-4,5a-epoxy-3-methoxy-17­
merhylmorphinan-ecc-ol (codeine),

C. 6,7,8,14-tetradehydro-4,5a-epoxy-6-methoxy-17­
methybnorphinan-3-ol (oripavine),

D. 7,8-didehydro-4,5a-epoxy-17-methybnorphinan­
3,00, I<la-triol (IOS-hydroxymorphine),

E. 7,8-didehydro-4,5a-epoxy-3-hydroxy-17­
methybnorphinan-6-one (morphinone),

F. (17SJ-7,8-didehydro-4,5a-epoxy-17-methylmorphinan­
3,OO-diol 17-oxide (morphine N-oxide).

____________________ ""ElI
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Specific absorbance at the absorption maximum 37 to 43 for
test solution (a); 64 to 72for test solution (b).

C. To about 1 mg of powdered substance in a porcelain dish
add 0.5 mL of sulfuric acid-jormaldehyde reagent R. A purple
colour develops and becomes violet.

D. It gives the reaction of alkaloids (2.3.1).

E. It gives the reactions of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.500 g in carbon dioxide-free water R and dilute to
25.0 mL with the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
thanreference solution Y6 or BY6 (2.2.2, Metlwd If).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of methyl red wlution R.
Not more than 0.2 mL of 0.02 M sodium hydroxide or 0.02 M
hydrochloric acid is required. to change the colour of the
indicator.

Specific optical rotation (2.2.7)
-107 to -110 (anhydrous substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.125 g of the substance to be
examined in a 1 per cent VIV solution of acetic acidRand
dilute to 50 mL with the same solution.
Reference solU/ion (a) Dilute 1.0 mL of the test solution to
100.0 mL with a I per-cent VIV solution of acetic acid R.
Dilute 2.0 mL of this solution to 10.0 mL with a
1 per cent V/V solution of acetic acid R.
Reference solution (b) Dissolve 5 mg of morphine for system
suitabi/ily CRS (containing impurities B, C, E and F) in a
1 per cent V/V solution of acetic acidR and dilute to 2 mL
with the same solution.
Column:
- size: 1= 0.15 m, Q) = 4.6 mm;
- stationary phase: end-capped oaade<y/si(yl silica gelfor

chromatography R (5 urn);
- temperature: 35 ·C.

Mobile phase:
- mobde phaseA: 1.01 gIL solution of sodium

heptonesulfonau R adjusted to pH 2.6 with a
50 per cent VIV solution of phosphoric acid R;

- mobile phaseB: methanol R;

Time MobUe phase A MobUe phase B
(min) (per cent 1'/11) (per cent I'IP)

0-2 85 15

2 - 35 85 -+ 50 15 -> 50

35·40 50 50

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 230 run.
Injeaion I0 ~L.

Identification of impun"ties Use the chromatogram supplied
with morphine for system suitabdity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaksdue to impurities B, C, E and F.
Relativeretention With reference to morphine (retention
time = about 12.5 min): impurity F = about 0.95;

Morphine Sulfate 11-343

impurity E =about 1.1; impurity C =about 1.6;
impurity B = about 1.9.

System suitability Reference solution (b):
- peak-ro-'lJalley ratio: minimum 2) where Hp = height above

the baseline of the peak due to impurity F and
H; = height above the baseline of the lowest point of the
curve separating this peakfrom the peakdue to
morphine.

Limits:
- correaion factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B = 0.25;
impurity C = 0.4; impurity E = 0.5;

- impun"ty B: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.4 per cent);

- impurities C, E: for each impurity, not more than the area
of the principal peak in the chromatogram obtainedwith
reference solution (a) (0.2 per cent);

- any other impurity: for each impurity, not more than the
areaof the principal peakin the chromatogram obtained
with reference solution (a) (0"2 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(1.0 per cent);

- disregard limit: 0.25 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use(2034) do not apply.

Iron (2.4.9)
Maximum 5 ppm.

Dissolve the residuefrom the test for sulfated ash in waterR
and dilute to 10.0 mL with the same solvent.

Water (2.5.1Z)
10.4 per cent to 13.4 per cent, determined on 0.10 g.

Sulfated ash (2.4.14)
Maximum0.1 per cent, determined on 2.0 g.

ASSAY
Dissolve 0.500 g in 120 mL of anhydrous acetic acidR.
Titrate with 0.1 M perchWric acid, determining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M perchloric acid is equivalent to 66.88 mg
of C3.H.oN20loS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, C, E.
Other detectable impurities (the following substances would, if
present at a su.fficient level, bedetected by one orother of thetests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities. 11 is therefore not
neassary UJ identify these impuniies for demonstration oj
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) A, D, F.
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DEFINITION
Moulds for allergen products primarily consist of inactivated
mould cultures, which may contain mycelia and/or spores,
and may also contain allergenic constituents released into the
culture medium. Moulds are microscopic filamentous fungi
belonging mainly to the genera Alternaria, AspergiUus,
Cladosporium and Penidllium. This monograph also applies to
yeast cells, e.g. Candida.

PRODUCTION
The method of cultivation, inactivation, harvesting and post­
harvesting is described and must ensure the quality,
homogeneity and traceability of the mould or yeast. The type
of source material harvested (mycelium and/or spores or
yeast cells) is specified. Appropriate measures are taken to
avoid contamination by foreign species.

Critical cultivation parameters such as temperature and
humidity are controlled and monitored. Unless otherwise
justified, the culture medium is selected to avoid the presence
of materials with potential allergenicity.

Where major changes to the production of the source
material take place (e.g. when a new process or supplier of
source materials is introduced), such changes are qualified for
each species.

Microbial contamination of the mould or yeast should be
monitored on a representative number of batches of source
material according to a justified sampling plan and each time
a new supplier and/or a new process for the source material
production is introduced; if a determination of microbial
contamination is not applicable, this must be justified.
Microbial contamination values and potential increases in
microbial contamination are monitored during stability
studies, in order to assess this aspect along with the source
material characteristics upon storage.

Control methods and acceptance criteria relating to identity
and purity of the mould or yeast are established.
The acceptance criteria must ensure the consistency of the
source material from a qualitative and quantitative point of
view. The source material is stored under controlled
conditions justified by stability data. The production, as well
as the handling of the source material, are such that
consistent composition is ensured from batch to batch.

SOURCE MATERIAL REFERENCE BATCH
An appropriate reference batch is established for each
species. The nature of the reference batch depends on the
testing approach to verify batch-to-batch consistency and to
establish acceptable quality. The reference batch may be, for
example, an internal reference preparation (if available), a
source material extract or a sample of a production batch.
Its characterisation must be described. The extent of
characterisation of the reference batch depends on the
species, knowledge of the allergenic components and
availability of suitable reagents. The reference batch is stored
under controlled conditions ensuring its stability.

BATCH-TO-BATCH CONSISTENCY
To establish batch-to-batch consistency, one or more of the
following tests are performed on each balch. The choice of
testa must be justified.

**** ** ** ****(Ph. Eur. monograph 2626)

Moulds for Allergen Products

P',

~
HO 0 H 0

~
H.... N'CH.,

_ H.

.... ! H
H3CO 0 H OH

A. 7,8-didehydro-4,S.-epoxy-3-methoxy-17­
methylmorphinan-eo-ol (codeine),

, CH3

~
o~. H.\ N

- H.

.... i H
HO 0HOH

B. 7,7',8,8'-tetradehydro-4,5a:4',5'a.-diepoxy-17 ,17/­

dimethyl-2,2 '-bimorphinanyl-3,3',ooJ6'o-teuol (2,2/­
bimorphine),

C. 6,7,8,14-tetradehydro-4,S.-epoxy-6-methoxy-17­
methylmorphlnan-J-ol (oripavine),

D. 7,8-didehydro-4,S<x-epoxy-17 -methylmorphinan­
3,oo,1O<X-triol (IOS-hydroxymoJPhine),

E. 7,8-didehydro-4,S<X-epoxy-3-hydroxy-17­
methyhnorphinan-fi-one (morphinone),

F. (17S)-7 ,8-didehydr0-4,S<X-epoxy-17-methylmoJPhinan­
3,OO-dioI17-oxide (morphine N-oxide).

_____________________ PhE"
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186826-86-8

437.9 (anhydrous substance)

Action and use
F1uoroquinolone antibacterial.

Preparation
Moxitloxacin Intracameral Injection

Anhydrous moxifloxacin hydrochloride

DEFINITION
I-Cyclopropyl-6-f1uoro-8-methoxy-7-[(4aS, 7as) -octahydro­
6H-pyrrolo[3,4-bIpyridin-6-yl]-4-oxo-I, 4-dihydroquinoline-3­
carboxylic acid hydrochloride.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

It may be anhydrous or contain a variable quantity of water.

CHARACTERS
Appearance
Light yellowor yellow powder or crystals.

Solubillty
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in acetone.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison moxifioxacin hydrochloride CRS.
If the spectra obtained in the solid stateshow differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.
B. Enantiomeric purity (see Tests).
C. Dissolve 50 mg in 5 mL of waterR, add I mL of dilute
nitric acidR, mix, allow to stand for 5 min and filter.
The Iiltrate gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is not more opalescent thanreference
suspensionIT (2.2.1) and not more intensely coloured than
reference solution GYz (2.2.2, Method II). If intended for use
in the manufacture of parenteral preparations, the solutionis
clear (2.2.1) and not more intensely coloured than reference
solution GYz (2.2.2, Method II).

Dissolve 1.0 g in 20 mLof dilute sodium hydroxide solution R.

pH (2.2.3)
3.9 to 4.6.

Dissolve O.109 in 50 mL of carboll dioxide-free waterR.

Enantiomeric purity
Liquid chromatography (2.2.29).

(Ph. Eur. monograph 2254)

Moxifloxacin HydrochlorideTotal protein (2.5.33)

Protein profile
Determined by usingsuitable electrophoresis methods
(2.2.31, 2.2.54).

~ergenprofile

Relevant allergenic components areidentified by means of
suitable techniques using allergen-specific antibodies.

Major allergen content
Determined by using suitable immunochemical methods
(2.7.1) such as enzyme-linked immunosorbent assay
(BUSA).

Total allergenic activity
Determined by testing inhibition of the binding capacity of
specific immunoglobulin E antibodies or by a suitable
equivalent in vitro method.

CHARACTERS
Moulds or yeasts for allergen products are supplied as
coloured powders or liquidsuspensions.

IDENTIFICATION
The identity of the mould or yeast is confirmed by its
relevant macroscopic (e.g. colour, appearance) and
microscopic (e.g. appearance of the mycelium, spores,
specialised cells) morphological characteristics specific to
each species, in comparison to thoseof a reference batchor
reference documents. Identity may alsobe confirmed using
protein analysis methods (e.g. protem profile, individual
allergen test) or geneticidentification, if performed by
generally accepted methods.

TESTS
Foreign species
The absence of foreign species is determined by macroscopic
and microscopic examination.

Water (2.5.12 or 2.5.32) or loss on drying (2.2.32)
The water contentof driedmaterial is determined;
specification limits must be supported by batchanalysis and
stability data.

Mycotoxins
For moulds, the contentof mycotoxin is determined, unless
otherwise justified.

STORAGE
Moulds or yeasts for allergen products arestored under
controlled conditions justified by stability data.

LABELUNG
The labelstates the speciesof the mould or yeast.
_____________________ PhE"
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II-346 Moxifloxacin Hydrochloride

Bufftrsohuion Dissolve 2.49 g of anhydrous copper sulfate R
and 2.6 g of isoleucine R in 1000 mL of water for
chromatography R.
Testsolution Dissolve 5.0 mg of the substance to be
examined in water R and dilute to 5.0 mL withthe same
solvent.

Reference solution (a) Dilute 3.0 mL of the test solution (0

200.0 mL with 'a'ater R. Dilute 1.0 mL of this solution to
10.0 mL with waterR.
Reference solution (b) Dissolve 5 mg of moxijloxacin for system
suitability CRS (containing impurity G) in 5 mL of waterR.

Column:
- size: 1;;;; 0.25 m, 0 :::: 4.0 mm;
- stationary phase: base-deaaitxued end-capped octadecylsiJyl

silica gelfor chromatography R (5 urn).

Mobile phase methanol R, buffer solution (25:75 VII').

Flow rale 1.0 mUmin.

Detection Spectrophotometer at 293 nm.

Inje<tion 20~.

Run time J.5 times the retention time of moxiftoxacin.
Idendfication of impurities Use the chromatogram supplied
with moxijloxucin for system SIn'tability CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity G.
Relative retention With reference to moxifloxacin (retention
time =about 16 min): impurity G =about 0.9.

System suitability Reference solution (b):
- peak-to-va/ley ratio: minimum 2.0, where Hp ;;;; height

above the baseline of thepeak due to impurity G and
H; = heightabove the baselineof the lowest point of the
curve separating this peakfrom the peakdue to
moxiftoxacin.

Calculation of percentage content.
- for impurity G, use the concentration of moxifloxacin

hydrochloride in reference solution (a).
Limit:
- impurity G: maximum 0.15 per cent.

Related substances
Liquid chromatography (2.2.29). Carryout the testprotected
from ligh<
Solution A Dissolve 0.50 g of tetrabutylammonium hydrogen
sulfate Rand 1.0 g of potassium dihydrogen phosphate R in
about 500 mL of water R. Add 2 mL of phosphoric acidRand
0.050 g of anhydrous sodium sulfite R and dilute to 1000 mL
with waterR.
Test solution (a) Dissolve 50.0 mg of the substance to be
examined in solutionA and dilute to 50.0 mL with
solution A.
Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with solution A.

Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with solution A. Dilute 1.0 mL of this solution to
10.0 mL with solution A.

Reference solution (b) Dissolve 50.0 mg of moxijloxacin
hydrochloride CRS in solution A and dilute to 50.0 mL with
solutionA. Dilute 1.0 mL of the solution to 10.0 mL with
solutionA.
Reference solution (c) Dissolve 5 mg of moxijloxacin forpeak
identification A CRS (containing impurities A, B and E) in
5 mL of solution A.

2022

Reference solution (d) Dissolve 2 mg of moxijloxacinfor peak
idemifiauion B CRS (containing impurity F) in 2 mL of
solution A.
Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-eapped phenybiJyl silica

gelfor chromatography R (5 um);
- temperature: 45°C.
Mobilephase Mix 28 volumes of methanol Rand 72 volumes
of a solution containing 05 gIL of tetrabu{Ylammonium
hydrogen sulfate R, 1.0 gIL of potassium dihydrogen phosphate R
and 3.4 gIL of phosphoric acidR.
F/Qw rate 1.3 mllmin.

Deuction Spectrophotometer at 293 nm.
Injection 10 ~L of test solution (a) and reference
solutions (a), (c) and (d).

Run time 25 times the retention time of moxifioxacin.
ldenrijication of impurities Use the chromatogram supplied
with moxijloxacin forpeak identification A CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaks due to impurities A) B and E; use the
chromatogram supplied with moxijloxacin for peak
identification B CRS and the chromatogram obtained with
reference solution (d) to identify the peakdue to impurity F.
Relative retention With reference to moxifloxacin (retention
time = about 11 min): impurity F ;;;; about 0.9;
impurity A =about 1.1j impurity B =about 1.3j
impurity E = about 1.7.

System suitability Reference solution (c):
- peak-to-'IJa//ey ratio: minimum 1.5, where Hp = height

above the baselineof the peak due to impuriry A and
H; = height above the baseline of the lowest point of the
curve separating this peakfrom the peakdue to
moxiftoxacin.

Limits:
- conution facum: for the calculation of content) multiply

the peak areas of the foUowing impurities by the
corresponding correction factor: impurity B ;;;; l.4j
impurity E =3.5;

- impurities B~ E, F: for each impurity, not more than
1.5 times the areaof the principal peakin the
chromatogram obtainedwith reference solution (a)
(0.15 per cent);

- unspecified impurities: foreach impurity, not more than the
areaof the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 4.5 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
relatedsubstances with the foHowing modification.
Inj~tWn Test solution (b) and reference solution (b).
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Calculate the percentage content of C21H25ClFN30.. taking
into account the assigned contentof moxijloxacin
hydrochloride CRS.

STORAGE
In an airtight container, protected from light.

LABELLING
The label states, where applicable, thatthe substance is
suitable foruse in the manufacture of parenteral
preparations.

IMPURITIES
Specified impuriues B, E, F, G.
Otherdetectable impuritieS (thefolWwing subsrances would, if
present at a sufficient level, bedetected by one or other oj the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for otherhmspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these impurities for
demonstration of compliam:e. See also 5.10. Control of impun"ties
in substances for pharmaceutical use) A, C, D, H.

A. l-cyclopropyl-6,8-difluoro-7-[(4aS,7aS)-oetahydro-6H­
pyrrolo[3,4-b]pyridin,6-yl]-4-oxo-l,4-dihydroquinoline-3­
carboxylic acid,

B. l-cyclopropyl-6,8-dimethoxy-7-[(4aS,7aS)-oetahydro-6H­
pyrrolo[3,4-b] pyridin-6-yl]-4-oxo-l,4-dihydroquinoline-3­
carboxylic acid,

Moxisylyte Hydrochloride 11-347

E. l-cyclopropyl-6-fluoro-8-hydroxy-7-[(4aS, 7as)-oclahydro­
6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-l,4­
dihydroquinoline-3-carboxylic acid,

;:;a/ OCH,\(
,N, N~N

H,C H I I
F "" CO,H

o

F. l-cyclopropyl-6-fluoro-8-methoxy-7-[(4a8,7aS)-I­
methyloclahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo­
IJ4-dihydroquinoline-3-carboxylic acid)

G. l-cyclopropyl-6-fluoro-8-methoxy-7-[(4aR,7aR)­
ocrahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-1,4­
dihydroquinoline-3-carhoxylic acid,

~~OCH'Y
H ?' I

F ~ OCH3

o 0

H. methyl l-cyclopropyl-6-fluoro-8-methoxy-7-[(4aS,7aS)­
octahydrc-fiff-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-I,4­
dihydroquinoline-3-carboxylate.

____________________ PhE<I

C. l-cyclopropyl-8-ethoxy-6-lluoro-7-[(4aS,7aS)-oetahydro­
6H-pyrrolo[3,4-b] pyridin-6-yl]-4-oxo-I,4­
dihydroquinoline-3-carboxylic acid,

Moxisylyte Hydrochloride
Me

ACOIu
.Yo~NMe2

Me Me

C,Jf"NO,,HCl 315.8

Action and use
AJpha-adrenoceptor antagonist.

Preparadon
Moxisylyre Tablets

,Hel

964-52-3

D. l-cyclopropyl-8-fluoro-6-methoxy-7-[(4aS,7aS)-ocrahydro­
6H-pyrrolo[3,4-b] pyridin-6-yl]-4-oxo-l,4­
dihydroquinoline-3-earboxylic acid,

DEFINTI10N
Moxisylyre Hydrochloride is 4-(2-dimethylaminoethoxy)-5­
isopropyl-2-methylphenyl acetate hydrochloride. It contains

www.webofpharma.com
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Action and use
Imidazoline 11 receptor agonist; treatment of hypertension.

Preparation
Moxonidine Tablets

**** ** ** ****

75438-57-2241.7

(Ph. EUT. monograph 1758)

Moxonidine

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison moxonidine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in a mixture of equal volumes of methanol Rand
water R and dilute to 100.0 mL with the same mixture of
solvents.
Reference sohuion (a) Dissolve 10.0 mg of moxonidine CRS
in a mixture of equal volumes of methanol R and water R and
dilute to 10.0 mL with the same mixture of solvents.
Reference solution (b) Dilute 1.0 mLof referencesolution (a)
to 100.0 mL with a mixture of equal volumes of methanol R
and water R. Dilute 2.0 mL of this solution to 20.0 mL with
a mixture of equalvolumes of methanol R and waterR.
Reference solution (e) Dissolve 5.0 mg of moxonidine
impurity A CRS in a mixture of equal volumes of methand R
and waw R and dilute to 100.0 mL with the same mixture
of solvents.
Reference solution (d) Dilute 6.0 mL of reference solution (c)
to 100.0 mLwith a mixture of equal volumes of methanol R
and waterR.
Reference solUlwn (e) Dilute 2.5 mL of reference solution (a)
to 50.0 mL with reference solution (c).

Column:
- size: 1= 0.25 ID, 0 = 4 mm,
- stationary phase: base-deactiuated oetylsilyl silica gelfor

chroma/l)graphy R (5 ~);

_ temperature: 40°C.

DEFINITION
4-Chloco-N-(imidazolidin-2-ylidene)-6-methoxy-2­
methylpyrimidin-S-amine.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost whitepowder.

Solublllty
Very slightly solublein water, sparingly soluble in methanol,
slightly soluble in methylene chloride, very slightly soluble in
acetonitrile.

not less than 99.0% and not more than 101.0% of
C1JI2sN03JHCl, calculated with reference to the dried
substance.

CHARACTERISTICS
A white, crystalline powder.
Freely soluble in waterand in chloroform; soluble in ethanol
(96%); practically insoluble in ether and inpetroleum spirit.

IDENTIFICATION
A. The infrared absorption spearum, Appendix IT A, is
concordant with the reference spectrum of moxisylyte
hydrochloride (RS 238).

B. Yields reaction A characteristic of chlorides, Appendix VI.

TESTS
Acidity
pH of a 5% w/v solution, 4.5 to 5.5, AppendixV L.

Related substances
Carryout the method for liquid chromatography,
Appendixill D, using solutions in the mobilephase
containing (I) O.OOiO% wlv of 2-(6-hydroxythymoxy)
ethyldimelhy/amine hydrochloride BPCRS and 0.00050% wlv of
2-thymoxyethyldimethylamine hydrochloride BPCRS and (2)
0.2% wlv of thesubstance being examined. For solution (3)
dilute 1 volume of solution (2) to 100 volumes. For solution
(4) dilute I volume of solution (3) to 10 volumes.

The chromatographic procedure may he carried out using
(a) a stainless steel column (30 cm x 3.9 nun) packed with
extade<y/silyl silica gelfOT ehroma/l)graphy (10 um) <I1Bondapak
CI8 is suitable), (b) 0.005M sodium hexanendfonate in a
mixture of 2 volumes of gladalautic acid, 185 volwnesof
waterand 315 volumes of methanol as the mobile phase with
a flow rate of 1.0 mL per minute and (c) a detection
wavelength of 276 run.

The peaks in the chromatogram obtained with solution (1)
are due to <a) 2-(6-hydroxythymoxy)ethyldimethylamine
hydrochloride and (b) 2-thymoxyethyldimethylamine
hydrochloride in orderof theirelution. In the chromatogram
obtained with solution (2) the areas of any peaks
corresponding to (a) and (b) arenot greater than the areas of
the corresponding peaksin the chromatogram obtained with
solution (I) <0.5% of2-(6-hydroxy-thymoxy)
ethyldimethylamine hydrochloride and 0.25% of
2-thymoxyethyldimethylamine hydrochloride respectively),
the areaof any peakwith a retention time relative to
moxisyJyte of 2.3 is not greater than the area of the principal
peak in the chromatogram obtained with solution (3) (I% of
2-(6-cWorothymoxy)ethyldimethyl-amine hydrochloride) and
the areaof any peakwith a retention time relative to
moxisylyte of 0.9 is not greater than the area of the principal
peak in the chromatogram obtained with solution (4) (0.1%
of 2-(6-acetylthymoxy)ethyldimethylamine).

Loss on drying
When dried to constant weight at 1050

, loses not more than
0.5% of its weight. Use I g.

Sulfated ash
Not more than 0.1%,AppendixIX A.

ASSAY
Carry out Method I for non-aqueous titration,
Appendix VIII A. using 0.5 g and I-naphtholbenzein sdiuion
as indicator. EachmL of 0.1M perch/om add VS is equivalent
to 31.58 mg of C,oH2,NO"HCl.

STORAGE
Moxisylyte Hydrochloride should be protected from light.
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(ph. Bur. monograph 1450)

12650-69-0500.6

Action and use
Antibacterial.

Preparation
MupLrocin Ointment

Mupirocin

D.6-chloro-5-[(imidazolidin-2-ylidene)amino]-2­
methylpytimidin-4-ol (6-desmethylmoxonidine).

___________________ Pl>E"

H ~CO'H

~
: CH,

H3C', H ~ H.
~C " H 0

r r OH
HOHHO HOH 0

C.5-[(imidazolidin-2-ylidene)amino]-6-methoxy-2­
methylpytimidin-4-ol (4-hydroxymoxonidine),

B. N-(imidazolidin-2-ylidene)-4,6-dimethoxy-2­
methylpyrimidin-5-amine (4-methoxymoxonidine),

lHobl1e phase .Mix 136 volumes of acetonitrile R with
1000 volumes of a 3.48 gIL solution of sodium
pentanesuljonou R previously adjusted to pH 3.5 with dilute
sulfuric acidR.

Flewrate 1.2 mUmin.

Detection Spectrophotometer at 230 run.

lnjocu"on 20 J1L of the test solution and reference
solutions (b), (d) and (e).

Run time Twice me retention time of moxonidine.
Relativeretentions With reference to moxonidine (retention
time =about 11.6 min): impurity A =about 0.9;
impurity B =about 1.7.

Systemsuitability Referencesolution (e):
- resolsuion: minimum of 2 between the peaks due to

impurity A andmoxonidine.
Limits:
- impuniy A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (d) (0.3 pet cent);

- impurity B: not more than 3 times the area of the
principal peakin the chromatogram obtained with
reference solution (b) (0.3 per cent);

- unspecified impurities: for each impurity, not more than me
area of me principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in me chromatogram obtained with reference solution (b)
(0.5 per cent);

- disregard linll;: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, detennined on 1.000 g by drying in
an oven at J05 °C for 3 h.

Sulfated ash (2.4.14)
Maximum OJ percent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
relatedsubstances with the following modification.
Injection Test solution and reference solution (a).

Calculate the percentage content of C9HI2ClN50 from me
areasof the peaks and the declared content of
moxonidme CRS.

IMPURITIES
Specified impurities A, B.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the manograph. They a.. limiud by the general a=ptanee
criterion for other/unspecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these impurities for
demonstration of """plianee. See aha 5.10. Cantrol af impurities
in substances for pharmaceutical use) CJ D.

A. 4,6-<lich1oro-N-(imidazolidin-2-ylidene)-2­
methylpyrimidin-5-amine (6-chloromoxonidine),

Pl>E" _

DEFINITION
9- [[(2E)-4- [(2S,3R,4R,5S)-3,4-Dihydroxy-5-[[(2S,3S)-3­
[(IS,2S)-2-hydroxy-I-methylpropyl]oxiranyl]methyl]
tetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]oxy]nonanoic
acid. ,
Substance produced by the growth of certain-strains of
Pseudomonas fiuorescens or obtained by any other means.

Content
93.0 pet cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Slightly soluble in water, freely soluble in acetone, in
anhydrous ethanol and in methylene chloride.

It shows polymorphism (5.9).
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IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of mupirocin.

TESTS
pH (2.2.3)
3.5 to 4.0 for a freshly prepared saturated solution (about
10 gIL) hcarhon dioxide-free waterR.

Specific optical rotation (2.2.7)
-21 to -17 (anhydrous substance).

Dissolve 0.50 g in methanol R and dilute to 10.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mix 50 volumes of methanol Rand
50 volumes of a 13.6 gIL solution of sodium aceulte R
adjusted to pH 4.0 with acetic acidR.
Testsolution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Reference solution (a) Dilute 1.0 mL of me test solution to

50.0 mL with the solvent mixture.

Reference solution (b) Adjust 10 mL of reference solution <a)
to pH 2.0 with hydrochloric acidR and allow to stand for
20 h.
Column:
- size: 1= 0.25 ID, 0 = 4.6 nun;
- stationary phase: ouylsilyl silica gelfor chromatography R

<5 pm),
Mobile phase Mix 20 volumes of waterfor chromatography R,
30 volumes of tetrahydrofuran R and 50 volumes of a
10.5 gIL solution of ammonium acelace R adjusted to pH 5.7
with acetic acidR.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 240 om.
Injr<tion 20 IJL.
Run time 3.5 times the retention timeof mupirocin.
Relalfue retention Withreference to mupirocin:
impurityC =about 0.75.

System SUiUlb/1ity Reference solution (b):
:..- resolution: minimum 7.0 between the 2nd of the 2 peaks

due to hydrolysis products and the peakdue to
mupirocin.

Umits:
- impun·ty C: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution <a) (4 per cent);

- any other impun·ty: foreach impurity, not more than
0.5 times the area of the principal peakin the
chromatogram obtained with reference solution (a)
(l percent); i

- total: not more than3 times the area of the principal peak
in the chromatogram obtained withreference solution (a)
(6 per cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.1 per cent).

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.500 g.

ASSAY
Liquid chromatography (2.2.29).

2022

Testsolution Dissolve 25.0 mg of the substance to be
examined in 5 mL of methanol R anddilute to 200.0 mL
witha 7.5 gIL solution of ammonium acetate R adjusted to
pH 5.7 withaark acidR.
Reference solution (a) Dissolve 25.0 mg of mupirocin
lithium CRS in 5 mL of methanol R and dilute to 200.0 mL
with a 7.5 gIL solution of ammonium acetate R adjusted to
pH 5.7 with acetic acid R.
Reference solution (b) Adjust 10 mL of the test solution to
pH 2.0 with hydrochloric acidR and allow to stand for 20 h.

Column:
- size: 1= 0.25 m, (2) = 4.6 mm;
- stationary phase: octy/si/yl silica gelfor chromatography R

(5 urn).

Mobile phase Mix 19 volumes of waterfor chromatography R,
32 volwnes of letrahydrofuran Rand 49 volumes of a
10.5 gIL solution of ammonium acetate R adjusted to pH 5.7
with acetic acid R.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 230 run.
Injection 20 ~L.

System suitabr7ity:
- resolution: minimum 7.0 between the 2nd of the 2 peaks

due to hydrolysis products and the peakdue to mupirocin
in the chromatogram obtained with reference solution (b)i

- repeauzlJih"ty: maximum relative standard deviation of
1.0 percent after 6 injections of reference solution (a).

Calculate the percentage content of C2JI4409 using the
chromatogram obtained with reference solution (a), taking
into account the assigned contentof mupirocin lithium CRS
and a conversion factor of 0.988.

STORAGE
Protected from light.

IMPURITIES
Specified impurities C.

Other detectable impurit;" (thefollowing substances would, if
present at a sufficient /eveJJ bedetected by oneorother of the tests
in the monograph. They arelimited lry the general acceptance
criterion for other/unspecified impurit;"and/or lry the general
monograph Substances for pharmaceuticol use (2034). I, is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, BJ D, E, F.

A.9-[[(2E)-4-[(2S,3R,4S,5R)-3,4,5-trihydroxy-5-[[(2S,3S)3­
[(I S,2S)-2-hydroxy-l-methyJpropylj oxiranylj
methyljtetrahydro-2H-pyran-2-ylj-3-methylbut-2-enoyl)
oxy]nonanoic acid (pseudomonic acid B),

www.webofpharma.com



2022 Mupirocin Calcium 11-351

""Eor _

1/5074-43-61075

Action and use
Antibacterial.

Preparations
Mupirocin Cream
Mupirocin Nasal Oimment

+~~1
. 2HzO

(Ph. Bur. monograph 1451)

Mupirocin Calcium

c. (4E) -9-[ [(2E)-4 -I(2S,3R,4R,5S)-3,4-dihydroxy-5-
[[(2S,3S)3- [( IS,2S) -2-hydroxy-l-methylpropyl]oxiranyl]
methyl]tetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]
oxy]non-4-enoic acid (pseudomonic acid D),

B. 9-[[(2E)-4-[(2S,3R,4R,5S)-3,4-dihydroxy-5-[(2B,4R,5S)­
5-hydroxy-4-methylhex-2-enyl]tetrahydro-2H-pyran-2-yl]­
3-methylbul-2-enoyl]oxy]nonanoic acid (pseudomonic
acid C),

H ~CO'Ho : CH3

H'CH'V A H.(~"Mo
X~~'Y

H OH HO H 0

___________________ ""EII

D. 9-[[(2E)-4-[(2R,3aS,ss,7S)-2-[(2S,3S)-I ,3-dihydroxy-2­
methylbutyl]-7-hydroxyhexahydro-4H-furo[3,2-c]pyran-6­
yl]-3-methylbut-2-enoyl]oxy]nonanoic acid,

DEFINITION
Calcium bls[9-[[(2E)-4-[(2S,3R,4R,5S)-3,4-dihydroxy­
5[[ (2S,3S)-3-((1 S,2S)-2-hydroxy-1 methylpropyl]
oxiranyl]methyl]tetrahydro-2H-pyran-2-yl]-3-methylbut-2­
enoyl]oxy]nonanoate] dihydrate.

Substance produced by the growth of certain strains of
Pseudomonas fiuorescens or obtained by any other means.

Content
93.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white powder.

Solubility
Very slightly soluble in water, sparingly soluble in anhydrous
ethanoland in methylene chloride.

IDENTIFICATION
A. Infrated absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of mupirocin calcium,
B. It gives reaction (a) of calcium (2.3.1).

TESTS
Specific optical rotation (2.2.7)
-20 to -16 (anhydrous substance).

Dissolve 0.50 g in methanol R and dilute to 10.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mix 50 volwnes of methanol Rand
50 volumes of a 13.6 gIL solution of sodium acetate R
adjusted to pH 4.0 with acetic acid R.
Test solution Dissolve 50.0 mg of the substance to be
examined in the solventmixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with the solvent mixture.
Reference solution (b) Adjust 10 mL of reference solution (a)
to pH 2.0 with hydrochloric acidR and allow to stand for
20 h.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- sUJtionary phase: octylsi/yl silica gelfor chromalography R

(5 urn).

HO
HO
H'·

E. 9-[[(2E)-4-[(2R,3RS,4aS,7S,8S,8aR)-3,8-dihydroxy-2­
[(I S,2S)-2-hydroxy-l-methylpropyl]hexahydro-2H,5H­
pyrano[4,3-b]pyran-7-yl]-3-methylbut-2-enoyl]oxy]
nonanoic acid,

F. 7-[[(2E)-4-[(2S,3R,4R,5S)-3,4-dihydroxy-5-[[(2S,3S)-3­
[(IS,2S)-2-hydroxy-I-methylpropyl]oxiranyl]methyl]
tetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]oxy]
heptancic acid.

www.webofpharma.com



11-352 Mupirocin Calcium

Mobile phase Mix 20 volumes of waterfor chromatography R,
30 volumes of tetrahydrofuran Rand 50 volumesof a
10.5 gILsolution of ammonium acetate R adjusted to pH 5.7
with acetic acid R.

Flow rase 1.0 m1Jrnin.
Detection Spectrophotometer at 240 nrn.
Injeaion 20 1l1..
Run time 3.5 times the retention time of mupirocin.
Relative retention Withreference to mupirocin:
impurity C = about 0.7S.

System suitability Reference solution (b):
- resdution: minimum 7.0 between the 2"d of the 2 peaks

due to hydrolysis products and the peakdue to
mupirocin.

Limits:
- impurity C: not more than 1.25 times the area of the

principal peakin the chromatogram obtained with
reference solution (a) (2.5 per cent);

- any other ;mpun'ty: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtainedwith reference solution (a)
(l per cent);

- total: not more than2.25 times the area of the principal
peakin the chromatogram obtained with reference
solution (a) (4.5 pet cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.1 per cent).

Chlorides (2.4.4)
Maximum 0.5 per cent.
Dissolve 10.0 mg in a mixture of 1 mL of dilute mine acidR
and IS mL of methand R.

Water (2.5.12)
3.0 per cent to 4.5 per cent, determined on 0.500 g.

ASSAY
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in S mL of methanal R and dilute to 200.0 mL
with a 7.5 gIL solutionof ammonium acetate R adjusted to

pH S.7 with acetic acid R.
Reference solution (a) Dissolve 2S.0 mg of mupirocin
lithium CRS in S mL of methanol R and dilute to 200.0 mL
with a 7.5 gILsolutionof ammonium acetate R adjusted to
pH S.7 with aatic acidR.
Reference sdtuion (b) Adjust 10 mL of the test solution to
pH 2.0 with hydrochloric acid R and allow to stand for 20 h.

Column:
- size: 1=0.25 m, 0 =4.6 rom;
- ,,,uianary phase: actylsiryl silica gelfor chromawgraphy R

(S urn).

Mobile phase Mix 19 volumes of waur for chromawgraphy R,
32 volumes of tetrahydrofuran Rand 49 volumes of a
10.5 gILsolution of ammonium aarote R adjusted to pH 5.7
with acetic acidR.
Flew rate 1.0 mUmin.
Deteaion Spectrophotometer at 230 om.
Injection 20 ~L.

Systemsuitability:
- resolution: minimum 7.0 betweenthe 2nd of the 2 peaks

due to hydrolysis products and the peakdue to mupirocin
in the chromatogram obtainedwith reference solution (b);

2022

- repeatability: maximum relative standard deviation of
1.0 per cent after6 injections of reference solution (a).

Calculate the percentage content of C52Hs6CaOlS usingthe
chromatogram obtained with reference solution (a), taking
into account the assigned content of mupirocin lithium CRS
and a conversion factor of 1.026.

IMPURITIES
Specified impurities C.

Otherdete<table impurities (the following sub,tances would, if
present ot a su!fi<ient level, bedetected by oneor other of the tests
in themonograph. They arelimiwl by thegeneral acceptance
cntenonfor otherhmspecified impurities and/or by the general
monograph Sub,tance'for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Control of impuniies
in substances forpharmaceutical use) A, H, D, E, F, G, H, 1.

A. 9-[[(2E)-4-[(2S,3R,4S,SR)-3,4,S-trihydroxy-S-[[(2S,3S)3­
[(IS,2S)-2-hydroxy-I-methylpropyl]oxiranyl]
methyl]tetrahYdro-2H-pyran-2-yl]-3-methylbut-2-enoyl]
oxy]nonanoic acid (pseudomonic acid B),

B. 9-[[(2E)-4-[(2S,3R,4R,SS)-3,4-dihydroxy-S-[(2E,4R,SS)­
S-hydroxy-4-methylhex-2;enylltetrahydro-2H-pyran-2-yll­
3-methylbut~2-enoyl]oxy]nonanoicacid (pseudomonic
acid C),

C. (4E)-9-[[(2E)-4-[(2S,3R,4R,SS)-3,4-dihydroxy-S-
[[(2S,3S)3-[( IS,2S)-2-hydroxy-I-methylpropyl]oxiranyl]
methylltetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]
oxy]non-4-enoic acid (pseudomonic acid D),

D. 9-[[(2E)-4-[(2R,3aS,6S,7S)-2-[(2S,3S)-I,3-<1ihydroxy-2­
methylbutyl]-7-hydroxyhexahydro-4H-furo[3,2-c]pyran-6­
yl]-3-methylbut-2-enoylloXYlnonanoic acid,
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**** ** ** ****

128794-94-5433.5

(Ph. Eur. monograph 1700)

Mycophenolate Mofetil

DEFINITION
2-(Morpholin-4-yl)ethyl (4E)-6-(4-hydroxy-6-methoxy-7­
methyl-3-oxo-1,3-dihydroisobenzofuran-5-yl)-4-methyIbex-4­
enoate,

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.
Solubility
Practically insoluble in water, freely soluble in acetone,
sparingly soluble in anhydrous ethanol.

mp
About 96 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Conlparison mycophtnolate moj,tiI CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
M,thod 11).

Dissolve 0.10 g in ethanol (96 percent) R and dilute to
10 mL with the samesolvent.

Related substances
Liquid chromatography (2.2.29). Protect tho solutions from
light. Prepare thesolutions immediately before use" orSlOre them at
4-8 "C. Keep lite temperature oj the aurosompler at 10 "C, allow
tho temperature oj thosolutions to equilibrate in th, vialsfor
15 min before injuuQtl.

Testsolution Dissolve 20 mg of the substance to be
examined in autonitriJe R and dilute to 10 mL with the same
solvent.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with acetonitrile R. Dilute 1.0 mL of this solution
to 10.0 mL with acetonitrile R.
Reference solution (bJ Dissolve 5 mg of mycophenolate moj,tiI
jorpeak idemificaion CRS (mycophenolate mofetil with
impurities A, B, D, E, F, G and H) in acetonitrile Rand
diluteto 2.5 mL with thesamesolvent.
Column:
- size: 1= 0.25 m, 0 = 4.6 rom,

Ph,,, _

Action and use
Inhibitor of nucleic acid synthesis; immunomodulatcr.

Preparations
Mycophenolate Mofetil Capsules
Mycophenolate Mofetil for Infusion
Mycophenolate .Mofetil Oral Suspension
Mycophenolate Mofetil Tablets

o ~ CH ~Co,Hc~ Cl . :'I

H,C • ~H,. ~' H_(v'(:Y~n0

~=y
OHOH HOH 0

H ~CO'Ho ; CH
CH OH . :'I

H,C • ~H,. ~HH -;(V'(:YLn0

~=y
OHCI HOH 0

E. 9-[[(2E)-4-[(2R,3RS,4aS,7S,8S,8aR)-3,8-dihydroxy-2­
[(IS,2S)-2-hydroxy-I-methylpropyl]hexahydro-2H,5H­
pyrano [4,3-b]pyrnn-7-yl]-3-methylbut-2-enoyl)oxy]
nonanoic acid,

F. 7-[[(2E)-4-[(2S,3R,4R,5S)-3,4-dihydroxy-5-[[(2S,3S)-3­
[(I S,2S)-2-hydroxy-l-methylpropyl]oxitanyl]methyl]
tetrahydro-2H-pyran-2-yl]-3-methylbut-2-enoyl]oxy]
hepranoicacid,

~
H'C 0 ~ CH,~co,H

H3C .:? H.. " H 0 .

: OH
HO HO H 0

HO
HO
H ..

G.9-[[(2E)-4-[(2S,3R,4R,5S)-5-(2-chloro-3,5-dihydroxy-4­
methylhexyl)-3,4-dihydroxytetrahydro-2H-pytan-2-yl]-3­
methyJbut-2-enoyl]oxy]nonanoic acid,

H.9-[[(2E)-4-[(2S,3R,4R,5S)-5-(3-chloro-2,5-dihydroxy-4­
methylhexyl)-3,4-dihydroxytetrahydro-2H-pytan-2-yI)-3­
methylbut-2-enoyl]oxy]nonanoic acid,

I. 9-[[(2E)-4-[(2S,3R,4R,5S)-3,4-dihydroxy-5-[(3-hydroxy­
4,5-dimethyltetrahydrofuran-2-yl)methyl)tetrahydro-2H­
pyran-2-yl]-3-methylbut-2-enoyl)oxy)nonanoic acid.

____________________ Ph'"
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CH,

oct<,

o

O~Nl

~O

O~Nl

o ~o

andenanliomer

CH,OH

B. 2-(motpholio-4-yl)ethyl (4E)-6-[(1RSJ-4-hydroxy-6­
methoxy-7 -methyl-l-[2-(motpholio-4-yl)ethoxy]-3-oxo­
1,3-dihydroisobenzofuran-S-yl]-4-methylhex-4-enoate,

mo,/Ograph SubS/an'" for pharmaceutical use (2034). It is
therefore notneusSalY to idemify these impurities for
demonstration of compliance. Seealso5.10. Control of impurities
insubstances forpharmaceutical use) c.

C. 2-(motpholio-4-yl)ethyl (4Z)-6-(4-hydroxy-6-methoxy-7­
methyl-3-oxo-l,3-dibydroisobenzofuran-5-yl)-4­
methylhex-d-enoate,

A. 2-(motpholio-4-yl)ethyl (4E)-6-(4,6-dibydroxy-7-methyl­
3-oxo-I,3-dihydroisobenzofuran-5-yl)-4-methylhex-4­
enoate,

D. 2-(motpholio-4-yl)ethyl (4E)-6-(4,6-dimethoXY-7-methyl­
3-oxo-I,3-<1ihydroisobenzofuran-5-yl)-4-methylhex-4­
enoate,

E. methyl (4E)-6-(4-hydroxy-6-methoxy-7-merhyl-a-oxo-l ,3­
dihydroisobenzofuran-5-yl)-4-methylhex-4-enoate,

F. (4E)-6-(4-hydroxy-6-methoxy-7-methyl-J-oxo1,3­
dihydroisobenzofuran-5-yl)-4-methylhex-4-enoic acid
(mycophenolic acid),

- stationary phase: octylsilyl silica gelfor chromatography R
(5 urn),

- temperature: 45 "C.
Mobile phase Mix 350 mL of acetonitrile R with a mixture of
650 mL of waterRand 2.0 mL of triethylamine R previously
adjusted to pH 5.3 with dihue phosphoric acidR.

Flow ra'" 1.5 mUmin.
Detection Spectrophotometer at 250 run.
Injection 10 f1L.
Run time 3 times the retention time of mycophenolate
mofetil.
Relativeretention Withreference to rrrycophenolate mofenl
(retention time = about 22 min): impurity F =:; about 0.3;
impurity A =about 0.4; impurity H =about 0.5;
impurity G = about 0.6; impurity B = about 0.8;
impurity D = about 1.2; impurity E = about 1.6.

SystemSUiUlbility Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and impurity H,
- the chromatogram obtainedis similar to the

chromatogram supplied with mycophenola'" mofetil for peak
identification CRS.

limits:
- correction factor. for the calculation of content, multiply me

peak area of impurity B by 2.1,
- impuniyF: not more man 5 times the area of the principal

peak in the chromatogram obtained withreference
solution (a) (0.5 per cent),

- impun'ty B: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent),

- impurities A, D, E, G, H: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained withreference solution (a) (0.1 per cent),

- any other impun"ty: for each impurity, not more than the
areaof the principal peakin the chromatogram obtained
with reference solution (a) (0.1 per cent),

- total: not more than 7 times We area of the principal peak
in the chromatogram obtained withreference solution (a)
(0.7 per cent),

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 °C for 3 h.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 gin 50 rnL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric aciddetermining the end-point
potentiometrically (2.2. 2fJ).

1 rnL of 0.1 M perch10ric acidis equivalent to 43.35 mg
of C2 3H:HN07.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, D, E, F, G, H,
Otherde""rable impurities (the following subsran", would, if
present at a sufficient level, be detected by cme or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impun·ties and/or by thegeneral
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CH,

G. 2-(morpholin-4-yl)ethyl (4E)-6-(4-hydroxy-6-methoxy-7­
methyl-3-oxo-I,3-dihydroisobenzofuran-S-yl)-4­
melhylhex-4-enoate N-oxide,

H.7-hydroxy-S-methoxy-4-methyl-6-[2-[(2RS)-2-methyl-S­
oxotetrahydrofuran-2-yl]ethyllisobenzofuran-I(3H)-one.

_____________________ PhE"

29
29 ..... 78.7

Moblle phase B
(per cent VIJI)

11

71 --t 21.3

MobUe phase A
(per cent VIP)

Time
(min)

0-15

15 - 34

Buffer solution Dissolve0.77 g of ammonium acetate R in
600 mL of waterfor chromalOgraphy R, adjust to pH 4.86
witha 60 gIL solution of glacial acetic acidR anddilute to
1000 mL withwaterfor chromatography R.

Solventmixture waterR, acetonitrile R (40:60 VIV).

Testsdution Dissolve 25.0 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL oflhis
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 10.0 mg of myrophenolale
sodium CRS in the solvent mixture and dilute to 10.0 mL
with thesolvent mixture.
Reference solution (c) Dissolve 5 mg of mycophenolaie for
system suitability CRS (containing impurities A arid B) in the
solvent mixture and dilute to 5 mL with the solvent mixture.
Column:
- size: I;;;; 0.15 m, 0 ;;;; 4.6 mm;
- stationary phase: end-capped OCladuy1si1y1 silica gd for

chromatography ccmpatible with 100 percent aqueous mobile
phases R (3 urn);

- temperature: 45 "C.

Mobile phase:
- mobile phaseA: buffer solution;
- mobile phaseB: acetonitrile R;

**** ** ** ****(Ph. Bur. monograph 2813)

Mycophenolate Sodium

0t¢c::H,Cy/
o I .- 'o~o andenanliomer

.# OCH3CH,

PhE" _

Action and use
Inhibitor of nucleic acidsynthesis; immunomodulator.

DEFINITION
Sodium (4E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-l,3­
dihydro-2-benzofuran-S-yl)-4-methylhex-4-enoate, the
sodium salt of a fermentation product.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white,crystaUine powder.
Solubillty
Slightly soluble in water and in anhydrous ethanol, very
slightly soluble in heptane.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison mycophenolate sodium CRS.
If the spectra obtained in the solid stateshow differences,
dissolve me substance (Q be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.
B. It gives reaction (a) of sodium (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before usc.

Flow rale 1.5 mUmin.

Detection Spectrophotometer at 250 run.
Autosampter Set at 10 "C.

Injection 10 J.IL of the test solution andreference
solutions (a) and (c).

Idemification of impun·lies Use the chromatogram supplied
with mycophenolale for system suitability CRS and the
chromatogram obtained withreference solution (e) to identify
the peaks due to impurities A andB.
Relative retention With reference to mycophenolic acid
(retention rime > about 12 min): impurity B = about 0.93;
impurity A = about 1.L

System sur·lability Reference solution (c):
- peak-UHlalfey ratio: minimum 1.5, where Hp = height

above the baseline of the peak due to impurity A and
H; = heightabovethe baseline of the lowestpoint of the
curve separating this peakfrom the peak due to
mycophenolic acid; minimum 10.0, where Hp = height
above the baseline of the peak due to impurity Band
Hv ;;;; heightabovethe baseline of the lowestpoint of the
curve separating thispeakfrom the peak due to
mycophenolic acid.

Calculation of percentage contents:
- foreach impurity, use the concentration of mycophenolate

sodium in reference solution (a).
Limits:
- unspecified impurities: foreach impurity, maximum

0.10 per cent;
- total: maximum 0.1 percent;
- reporting lhreshold: 0.05 per cent.

37415-62-6342.3
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CH,

PIIEII _

DEFINITION
4-(6-Methoxynaphthalen-2-yl)butan-2-one.

Content
97.0 per cent to 102.0 per cent (anhydrous substaoce).

CHARACfERS
Appearance
White or almost white,crystallinepowder.

Solubility
Practically insoluble in water) freely soluble in acetone,
slightly soluble in methanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nabumetone CRS.

TESTS
Related substances
liquid chromatography (2.2.29).

Test solU1Wn (a) Dissolve 50.0 rng of the substance to be
examined in acetonitrile R and dilute to 10.0 mL with the
samesolvent.
Test solution (b) Dilute 1.0 mL of rest solution (a) to
25.0 mL with acetonitrile R. Dilute 1.0 mL of this solurion to
5.0 mL with acetoniuile R.

Reference solution (a) Dissolve 20.0 mg of nabumewne CRS
in aanonitrile R and dilute to 10.0 mLwith the same solvent.
Dilute 1.0 mL of this solution to 50.0 mL with acewnitrile R.

Reference solution (b) Dilute 0.5 mL of test solution <a) to
100.0 mL with acewnitrile R.
Reference solution (c) Dissolve 1.5 mg of nabumewne
impuniy F CRS in acewnilrik R and dilute to 100.0 mL with
the samesolvent.
Reference solution (d) Dissolve 4 mg of nabumewne
impurityD CRS in actwnitrile R and dilute to 100 mL with
the samesolvent. To 5 mLof this solution, add 5 mL of test
solution (b).

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: base-deactivated oetaduylsilyl silica gel for

chromacograplry R (4 1"");
- temperature: 40 ·C.

Mobile phase:
- mobile phaseA: mix 12 volumes of telralrydrofuran R,

28 volumes of acetoniuile for chromawgraphy R and
60 volumes of a 0.1 per cent VIVsolution of glacial acetic
acid R in carbon dioxide-jree water R prepared from distiUed
waterR;

- mobile phase B: mix 24 volumes of teuabydrofuron R,
56 volumes of actwnitn'k for chromawgraphy R aod
20 volumes of a 0.1 percent VIVsolution of glacial acetic
acid R in carbon dioxide-free water R prepared from distiUed
water R;

Time MobIle phase A MobUe phase B
(mID) (per cent VIJ.? (per cent VIJI)

0·12 100 0

42924-53-8 12 - 28 100 -+ 0 0--->100
28 - 33 0 100

228.3

o

~CH,
H,coAvV

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

A. 7-hydroxy-5-methoxy-4-methyl-6-[2-[(2RS)-2-methyl-5­
oxooxolan-2-yl)ethyl]-2-benzofuran-1 (3H)-one,

co,H

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
lnjecu'on Test solution and reference solution (b).

Calculate the percentage contentof Cl7HI9Na06 taking into
account the assigned content of mycophenolaee sodium CRS.

IMPURITIES
Other deleCtable impurities (the folWwing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in themonograph. Theyarelimited by thegeneral acaptance
criterion for other/unspedfied impun"tits. It is therefore not
necessary to identify these impurities lor demonstration of
compliance. See also 5.10. Control oj impurities in substances for
pharmaceutical use) A, B, C.

B. (42)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-I,3­
dihydro-2-benzofuran-5-yl)-4-methylhex-4-enoic acid,

OH CH,

CH,

0exx:

OH

H'CUo I """""'" ." 0 0 andenantiomer

.# OCH1
CH,

C. methyl (4E)-6-(4-hydroxy-6-methoxy-7-methyl-3-oxo-I,3­
dihydro-2-benzofuran-5-yl)-4-methylhex-4-enoate.

(ph. Bur. monograph 1350)

Nabumetone

____________________ PIIEII

Action and use
Cycle-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparations
Nabumetone Oral Suspension
Nabumetone Tablets

Flow rate I mIJmin.

Detection Spectrophotometer at 254 run.
Inje4:tion 20 ~ of test solution (a) and reference
solutions (b), (c) and (d).
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OCH,

41200-33-9

ils eplmer al C·
and

!heIrenanliomers

309.4

Action and use
Bera-adrenoceptor antagonist.

Preparation
Nadolol Oral Suspension

(ph. Eur. monograph 1789)

____________________ PhE"

F. 6,6'-dimethoxy-2,2'-binaphthalenyl.

PhE" _

E. 1,5-bis(6-methoxyoaphthalen-2-yl)pentan-3-one,

Nadolol

C. (lRS)-4-(6-methoxyoaphthalen-2-yl)butan-2-01,

D. (E)-4-(6-methoxyoaphthalen-l-yl)but-3-en-2-one,

STORAGE
Protected from light.

IMPURITIES
Specified impurities F.
Otherdetectable impurities (the following substances would, if
present at a sufficient level.. be detected by one or other of the tests
in themonograph. They are limited by thegeneral acceptance
criterion fur otherlunspedfied impuri,w and/or by ,hegeneral
morwgraph Substances for pharmaceutical use (1034). 1, is
therefore not necessary to idenuJy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in subsrances forpharmaceutical use) A, B.. C, D, E.

o

Retention time Nabumetone = about 11 min.

Systemsuitability Reference solution (d):
- resolution: minimum J.5 between the peaks due to

nabumetone and impurity D.

Limits:
- impurity F: not more than.the area of the principal peak in

the chromatogram obtainedwithreference solution (c)
(0.3 per cent);

- unspecified impurities: for each impurity, not more than
0.2 times the area of the principal peakin the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- sumof impurities other than F: not more than the area of
the principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Water (1.5.11)
Maximum 0.2 per cent, determined on 1.000 g.

Sulfated ash (1.4.14)
Maximrun 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (1.1.19) as described in the test for
relatedsubstances with the following modifications.
Injection Test solution (b) and reference solution (a).
System suitability Reference solution (a):
- reptatabilil)!: maximum relative standard deviation of

1.0 per cent after6 injections.

Calculate the percentage content of CUHI602 from the
declared content of nabumetone CRS.

o

A. 3-(6-methoxyoaphthalen-2-yl)-5-methylcyc1ohexanone,

B. (5RS)-5-(6-methoxyoaphthalen-2-yl)-3-methylcyc1ohex-2­
enone,

DEFINITION
cis-5-[(lRS)-3-[(1,1-Dimethylethyl)amino]-2­
hydroxypropoxyl-I,2,3,4-tetrahydronaphthalene-2,3-diol.

It consists of 2 pairs of enantiomers that are present as
2 racemic compounds: racemate A and racemate B.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, freely soluble in ethanol
(96 per cent), practically insoluble in acetone.

IDENTIFICATION
Infrared absorption spectrophotometry (1.1.14).

Comparison nadolol CRS.

CH,

and enanliomer
CH,
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TESTS
Racemate content
Infrared absorption spectrophotometry (2.2.24).

Prepare a mull in liqut"d paraffin R of die substance 1:0be
examined (dried substance), adjusting the thickness of the
muU to give an absorbance reading of 0.6 ± 0.1 at
1587 em-I. Record the spectrum from 1667 to II II em",
using liqw"d paraffin R as reference. Measure the
absorbance AaJ corresponding to racemate A, at the
maximum at 1266 cm-1 and me absorbance A,,)
corresponding to racemate B, at the maximum at 1250 em".
The ratio A,iA" is 0.72 to 1.08 (corresponding to racemate A
content of between 40 per cent and 60 per cent).

Related substances
Liquid chromatography (2.2.29). Prepare the sonuions
immediately before use.
SoIverIL mixture aceumittile Rl, oxuerR (20:80 VII').
Testsolution Dissolve 0.100 g of the substance to be
examined in 4.0 mL of the solvent mixture and dilute to
100.0 mL with the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with the solvent mixture. Dilute 5.0 mL of this
solution to J00.0 mL with the solvent mixture.

Reference solution (b) Dissolve the contents of a vial of
nadolol impun',y mixture CRS (imputities A and D) in 1.0 mL
of reference solution (a).

Column:
- size: 1= 0.25 rn, 0 = 4.0 mm;
- sta,wnary phase: end-<apped OCladecylsily/ suico gelfor

chronJatography R (5 ~);

- temperature: 40 "C.

Mobile phase:
- mobile phase A: 5.6 gIL solution of sodium ocumesulfonate R

adjusted to pH 3.5 with a 300 gIL solution of p/wsp/wric
addRj

- mobile phase B: aatonitrile Rl;

- unspecified imp"n'ties: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
vacuo at 60 "C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 100 mL of anhydrous au"" acidR.
Titrate with 0.1 M perchloric acid, detennining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M perchloric acidis equivalent to 30.94 mg of
C17H27N04·

IMPURITIES
Specified impuri,ies A, C, D.
Otherdetectable impurities (tirefollowing substances would, if
present at a mfficient level, bedetected by oneor other of the terts
in the munograph. They arelimited by the general acuptance
critenon for otherlunspedfied impuniies and/or by the general
monograph Substances for pharrnaau,ical me (2034). II is
therefore notnecessary to identify these impun"ties for
demonstration of compliance. See ouo 5.10. Control of impuriues
in substances for pharmaceutical use) B, E, FJ G.

H0t6H', OH
H'· H pH i1seplmeratC'

O~OH andI ' • their enantiomers

'"

Flow rate I mUmin.
Detection Spectrophotometer at 206 nm.

Injection 20 IJI..
Idemification of impun'tits Use the chromatogram supplied
with nadolol impuniy mixtureCRS and the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities A and D.

Relative retention With reference to nadolol (retention
time = about 15 min): impurity A =about 0.2; impurity C
(doublet) = about 0.47 and 0.53; impurity D = about 1.5.

System suitability Reference solution (b):
- resolution: minimum 8.0 between the peaks due to nadolol

and impurity D.

Limits:
- correction factor: for the calculation of content, multiply the

sum of the 2 peak areas of impurity C by 0.7;
- impurities A, C, D: for each impurity, not more than twice

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.2 per cent);

A. cis-5-[(2RS)-2,3-dihydroxypropoxy]-1,2,3,4­
tetrahydronaphthalene-2,3-diol (tetraol),

B. cis-5-[(2RS)-2-hydroxy-3-methoxypropoxy)-1,2,3,4­
tetrahydronaphrhalene-z.j-diol,

C. 5,5'-[(2rs)-2-hydroxypropane-1,3-diylbis(oxy)Ibis(cis­
1,2,3,4-tetrahydronaphthalene-2,3-diol)
(3 diastereoisomers),

ils epimer at C·
and

their enanliomers

H0t6H"OHH-· H OH

?" O~OCH3

",I

H01r~H g~HOH• . OH

, O~O ~

'" I"",

23

23 ---t 35

35 ---t 45

45

MobUe phase B
(per cent V/YJ

77

77 ---> 65

65 ---> 55

55

MobUe phase A
(per cent VA?

Tim,
(min)

0-7

7 - 30

30 - 35

35 - 55
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Pl>EII _

a 6-o-sulfo~2,5-anhydro-D-mannitol structure at the reducing
end of their chain.
Nadroporin calcium complies with the monograph Low-molecular­
masshepatins (0828) with the modifications and additional
requirements below.

The mass-average relative molecular massranges between
3600 and 5000 with a characteristic value of about 4300.

The degree of sulfatation is about 2 per disaccharide unit.
The potency is not less than 95 ru and not more than
130 IV of anti-factorXa activity permilligram, calculated
with reference to the dried substance. The ratio of anti-factor
Xa activity to anti-factor ITa activity is between2.5 and 4.0.

IDENTIFICATION
Carry out identification test A as described in the monograph
Lourmolecular-mass heparim (0828) using nadroparin
caldum CRS.
Carry out identification test C as described in the monograph
Lourmolecular-mass heparins (0828). The following
requirements apply.
The mass-average relative molecular mass ranges between
3600 and 5000. The mass percentage of chains lower than
2000 is not more than 15 per cent. The mass percentage of
chains between 2000 and 8000 ranges between 75 percent
and 95 per cent. The mass percentage of chains between
2000 and 4000 ranges between35 percent and 55 percent.

TESTS
Appearance of solution
The solutionis not more opalescent than reference
suspension II (2.2. J) and not more intensely coloured than
reference solution Y, (2.2.2, MethodII).

Dissolve 0.5 g in water R and dilute to 10 mL with the same
solvent.

Ethanol
Head-space gas chromatography (2.2.28).

Internal standard solution Dilute 1.0 mL of 2-propanol R to
100.0 mL with waterR. Dilute 1.0 mL of the solution to
50.0 mL with waterR.
Blank solution 1.0 mL of waterR.

Tesr solution (a) To 10.0 mg of the substance to be
examined, add 1.0 mL of water R.
Tes/solutron (b) To 10.0 mg of the substance (0 be
examined, add 0.50 mL of waterRand 0.50 mL of the
internal standard solution.
Reference solution (a) Dilute 1.0 mL of anhydrous ethanol R
to 100.0 mL with water R. Dilute 0.5 mL of the solution to
20.0 mL with waterR.
Reference solutron (b) To 0.50 mL of reference solution (aJ,
add 0.50 mL of the internal standard solution.

Column:
- material: nickel;
- size: I = 1.5 m, 0 = 2 nun;
- slaticnary phase: ethylvinylbenzene-divinylbenzene

cOjXJlymer R (150-180 urn).

Carnergas helium for chromarcgraphy R or nitrogen for
chromatography R.
Flow rale 30 mllmin.

Statichead-space conditions thai may be used:
- equilibratilJtl temperature: 90°C;
- equilibratimr time: 15 min;
- presswisadon time: 1 min.
Temperature:
- column: 150 °Cj

itsepImer al C'
and

theirenantiomers

"
0 ....S03-

R:::H Of S~(1/2 Cal . R'=H or 803(1/2Ca) Of CO-CH3
R2=HandR3=~eI2Ca) Of R2=C~IJ2Ca)andR3=H

Nadroparin Calcium

HO~~H H,C-+~~, g~HOH
• OH I OH •

, O~N~O

"

G. (2RS)-I-[(I, l-<limethy1ethyl)amino]-3-[(5,6,7,8­
tetrahydronaph thalen-I-yljoxy]propan-z-ol,

'OS'O~a 0
R2 HO

o OH
o

F. (2RS)-I-[(l, l-dimethylethyl)amino]-3-(naphthalen-l­
yloxyjpropan-Z-ol,

(Ph. Bur. monograph 1134)

E. cis-5-[(2RS)-3-[(I,I-dimethylethyl)amino]-2­
hydroxypropoxy]-8-iodo-I,2,3,4-tetrahydronaphthalene­
2,3-diol,

____________________ PI>EU>

D. 5,5'- [[(I, I-dimethylethyl)imin0]bis[(2-hydroxypropane­
1,3-diyl)oxyJlbis(cis-I,2,3,4-tetrahydronaphthalene-2,3­
dlcl) (10 stereoisomers),

Acdon and use
Low molecular weightheparin.

DEFINITION
Calcium salt of low-molecular-mass heparin obtained by
nitrous aciddepolymerisation of heparin frompork intestinal
mucosa, followed byfractionation to eliminate selectively
most of the chains with a molecular mass lower than 2000.
The majority of the components havea 2-0-sulfO-«-L­
idopyranosuronic acidstructure at the non-reducing end and
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0.1 Umln I NaOH 300 gil L1q. N,IETHANOL L1q. N,I2-METHYLBUTANE

X
(BUBBLE TRAPS)

-120"C -160"C- SEPTUM (COLD TRAPS)
INJECTION

~
TREATED

li
ETHYL ACETATE

+ HBr

I--I RECORDER 1- CHEMILUMINESCENCE r--
DETECTOR -HEATER

VACUU

Fkuk: round-bottom borosilicateglass flask equipped with a central rodavisjoint. a tenon join!on the left neck and a 15 mm screw joint on the right neck; septum:
siliconematerial.diameter 14 nun and thickness3.5 mm.
Condenur: height 21 em and internal diameter 3 on, with a lower rodavis joint and an upper torion joint.
Bubblt trc:lPS: height 24 em and internal diameter 2.5 em; internal tubing: length 23 em and internal diameter 0.5 em. Equipped with a centrallypositioned rcruex
mounting with torion joints on the inlet and outlet.
Coldoops: heighl 16.5 em and internal diameter" em; internal rublngr length 14 em and internal diameter 1.3 em. Equipped wilh lorion jolnts on the inlet and
outlet and placed in an isothennic flask: internal depth 22 an and internal diameter 8 em.
Tubing: fluorinated ethylene prcpyiene material. internal diameter 3.2 mm and thickness0.8 mm.

Figure 1134.-1. - Apparatus usedfar'he ",say af N-NO groups

- injecnQn port and detector: 250 "C.

Detection Flame ionisation.

Idmu"jication ofpeaks Use the chromatogram obtained with
reference solution (b) to identify the peaks due to ethanol
and 2-propanol.

Retention time Ethanol e about 2.5 min; 2-propanol ::::; about
4 min.

Calculate the percentage content mlm of ethanol taking its
density at 20 0(; to be 0.792 g/mL.

Limir.
- ethanol: maximum 1.0 per cent mlm.

N-NO groups
Maximum 0.25 ppm.

The content of N-NO-groups is determined by cleavage of
the N-NO bond with hydrobromic acid in ethyl acetate
under a reflux condenser and detection of the released NO
by chemiluminescence.

Description af the apparatus (Figure 1134.-1). Use a 500 mL
borosilicate glass round-bottomed flask, above which is
attached a condenser which is equipped with:
- on one side, a torion joint through which a stream of

argqn R can be introduced via a cannula;
- on the other side, a screw joint with a piston equipped

with a septum through which the reference solution and
test solution will be injected.

The round-bottomed flask is connected in series to 3 bubble
traps which are themselves connected to 2 cold traps, which
are in tum connected to a chemiluminescence detector.
Suitable tubing ensures the junctions are leak-free.

Preparation 0/thechemiluminescence detector Switch on the
chemiluminescence detector 48 h before use and start the
vacuum pump. The vacuum must be less than 0.5 mm Hg.
1 h before use) open the oxygen valve at a pressure of
0.2 MPa and a flow rate of 9.4 mIJrnin.

Preparation af the bubble trap In each bubble trap, place
30 mL of a 300 gIL solution of sodium hydroxide R in
waterR.
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_____________________ PhE"

PhE" _

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-15 100 0

15 - 15.5 100 ..... 0 0 ..... 100

15.5 - 25.5 0 100

**** ** ** ****

32(J().06-4473.6

(Najtidrofuryl Hydrogen Oxalare, Ph. Eur. mtmograph
1594)

Naftidrofuryl Oxalate

Action and use
Vasodilator.

Preparation
Naftidrofuryl Capsules

C"H3,NO,

Flowrate 1.0 mUmin.

Detection Conductivity detector with a sensitivity of 30 J.lS.

Injection 50 ~L.

Identification of peaks Use the chromatogram obtained with
the reference solution to identify the principal peak due to
the sulfate ion.

Retention time Sulfate ion == about 7.5 min. Change the
composition of the mobile phase, ifnecessary, to obtain the
prescribed retention time.

Limit:
- fre< sulfates: maximum 0.5 per cent,

DEFINITION
Mixture of 4 stereoiscmers of 2-(diethylamino)ethyl
2- [(naphthalen-I-yl)methyl]-3- (tetrahydrofuran-2-yl)
propanoate hydrogen oxalate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, freely soluble or soluble in ethanol
(96 per cent), slightly or sparingly soluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Chemical neutralisation system Neutralisation
micromembrane in line with the mobile phase for anion
detection; continuously pump in counter-flow with a
2.45 gIL solution of sulfun'c acidR, at a flow rate of
4mUmin.

Mobile phase:
- mobile phaseA: 1.91 gIL solution of disodium telraborate R;
- mobil,phase B: 0.1 M sodium hydroxide;

Preparation of the cold traps.
- Trap at -120°C: Slowly add liquid nitrogen to an

isothennic flask containing 250 mL of anhydrous ethanol R
whilst stirring with a wooden spatula until a paste is
obtained. Place the cold trap in the isothermic flask
prepared as described.

- Trap at -160 ·C: Slowly add liquid nitrogen to an
isothermic flask containing 250 mL of 2-methylbutane R
whilst stirring with a wooden spatula until a paste is
obtained. Place the cold trap in the isothennic flask
prepared as described.

Dryingof the 500 mL bOTOtllicate-giass round-bottomed flask and
condenser Boil 50 mL of ethyl acetate R under reflux for 1 h
under argon R without connecting the system to me
chemiluminescence detector.

Testso/mum Dry the substance to be examined for 12 h
over diphosphorns pentoxide R at 60°C under vacuum.
Dissolve 0.1 0 g of the treated substance to be examined in
1.0 mL of treated formamide R. Shake the solution obtained
for 30 min.

Reference solution Dilute 0.1 mL of nitrosodipropylamine
solution R in 6.0 mL of anhydrous ethatwlR. Dilute 0.1 mL of
the solution obtained in 1.0 mL of sreoud formamide R. (This
solution is equivalent to 0.05 ppm of N~NO groups).

Place 50 mL of treated ethyl acetate R in the dry 500 mL
borosilicate glass round-bottomed flask equipped with a
septum. Connect the round-bottomed flask to the condenser
which has been previously cooled to -15°C for 2 h.

Connect the argon R cannula and adjust the flow rate to
0.1 Umin. Check that the system is leak-free. Only the
connector to the chemiluminescence detector remains open
in order to avoid excess pressure.

Heat the treated ethyl acetate R to boiling.

Evacuate the system by slowly turning the valve of the
chemiluminescence detector. At the same time tighten the
inlet on the chemiluminescence detector.

When the system is equilibrated, me vacuum reaches
4 nunHg.

The signal of the zero adjuster on the chemiluminescence
detector is set to 10 per cent of the full scale of the recorder.

Through the septum of the 500 mL borosilicate glass round­
bottomed flask, sequentially inject 0.5 mL ofwaler R,
2.0 mL of dilute hydrobromic acidR and then another 2.0 mL
of dilute hydrobromic acidR, making sure that the recorder
pen has returned to the baseline between each injection.

Inject 50.0 Il1. of the reference solution, then 50.0 ~L of the
test solution after the recorder pen has returned to the
baseline.

Calculate the content of N-NO groups of the substance to be
examined.

Free sulfates
Liquid chromatography (2.2.29).

Test solution Dissolve 30.0 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.

Reference solution Dissolve 1.4787 g ·of anhydrous sodium
sulfate R in waterR and dilute to 1000.0 mL with the same
solvent. Dilute 1.0 mL of the solution to 200.0 mL with
distiUed water R (5 ppm of sulfate ions).

Column:
- size: 1== 50 rnm, 0 == 4.6 nun;
- stationary phase: anion-exchange resin.
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B. Gas chromatography (2.2.28).

Test solution (aJ Dissolve 1.0 g of the substance to be
examined in waterR and dilute to 50 mL with the same
solvent.Add 2 mL of concentrated ammonia R and shake with
3 quantities, each of 10 mL, of methylene chloride R. To the
combined lower layers) add anhydrous sodium sulfate R} shake,
filterand evaporate the filtrate by suitable meansat a
temperature not exceeding 30°C. Take up the residue with
methylene chloride R and dilute to 20.0 mL with the same
solvent,

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methylene chloride R.

Reference solution Dissolve 5 mg of naftidrofuryl
impun'ty F CRS in methylene chloride R and dilute to 50 mL
withthe same solvent.
Column:

..:...... nuuerial: fused silica;
- size: I = 25 m, 0 = 0.32 mm;
- stationary phase: phenyl(5)methy/(95)poIysilo:wne R (film

thickness 0.45 pm).

Camer gas helium for chromatography R.
Splitter flow rale 25 mUntin.
Flow rale 2.9 mUntin.
Temperature:

Detection Flame ionisation.
InjectilJtl 1 ~L.

Relatwe retention Withreference to the second elutingpeak
of naftidrofuryl: impurity D = about 0.14;
impurity B = about 0.55 (for the second eluting peak);
impurity E = about 0.86; impurity F = about 1.04 (for the
second eluting peak).

Systemsuitability Test solution (b):
- resolution: minimum 1.0 between the 2 peaksdue to

the diastereoisomers of naftidrofuryl.
Limits Test solution (a):

- impun·ty F: for the stun of the areas of the 2 peaks}
maximum 0.20 per cent of the sum of the areas of the
2 peaks due to naftidrofuryl (0.20 per cent);

- impun'ty E: maximum 0,20 per cent of the sum of the
areas of the 2 peaks due to naftidrofuryl

.i (0.20 per cent);
- impurity D: maximum 0.10 per cent of the sum of the

areas of the 2 peaks due to naftidrofuryl
(0.10 per cent);

- any other impurity: for each impurity, maximum
0.1 0 per cent of the sum of the areas of the 2 peaks
due to naftidrofuryl (0.10 per cent);

- total: maximum 0.50 per cent of the sum of the areas
of the 2 peaks due to naftidroduryl (0.50 per cent);

- disregard limit: 0.02 percent of the sum of the areas of
the 2 peaks due to naftidrofuryl (0.02 per cent);
disregard any peaks due to impurity B.

Preparation Dissolve 1.0 g in waterR and dilute to 50 mL
with me same solvent. Add 2 mL of concentrated ammonia R
and shake with 3 Quantities, each of 10 ml., of methylene
chloride R. To the combined lowerlayers, add anhydrous
sodium sulfate R, shake, filter and evaporate the filtrate by
suitable means at a temperature not exceeding30 "C.
Use the residue obtained.
Comparison Ph. Bur. reference spectrum of naftidrofury/.
B. Dissolve 0.5 g in waterR and dilute to 10 mL with the
same solvent. Add 2.0 mL of calcium chloride solution R.
A white precipitate is formed. The precipitate dissolves after
the addition of 3.0 mL of hydrochloric acidR.

TESTS
Absorbance (1.2.15)
Maximum 0.1 at 430 run.

Dissolve 1.5 g in waterR and dilute to 10 mL with the same
solvent. If necessary use an ultrasonic bath.

Related substances
A. Liquid chromatography (2:2.29).

Testsolution Dissolve 80.0 mg of the substance to be
examined in the mobilephase and dilute to 20.0 mL with
the mobilephase. Sonicate for 10 s, A precipitate is formed.
Filter through a membrane filter (nominal pore size
0.45 um), discarding the first 5 mL. Use a freshly prepared
sohuion.
Reference solunon (a) Dissolve 5.0 mg of naftidrofury/
impurityA CRS in acetonitrile R and dilute to 25.0 mL with
the same solvent, Dilute 1.0 mL of the solution to 50.0 mL
with the mobilephase.
Reference solution (b) Dissolve 5 mg of na/tidrofwyl
impurity B CRS and 5 mg of the substance to be examined in
acetonitrile R and dilute to 50 mL with the same solvent.
Dilute 1 mL of the solution to 50 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- statilJtlary phase: end-capped aetadecylsilyl silica gelfor

chromatography R (5 pm),

Mobile phase Mix 60 mL of methanol R with 150 mL of
letrabUliylammlJtlium bliffer solution pH 7.0 R and dilute to
1000 mL with acetonitrile R.

Floro rale 1 mUntin.
Detection Spectrophotometer at 283 om.
Injection 20 ~L.

Run time 2.3 times the retention time of naftidrofuryl.
Relative retention Withreference to naftidrofuryl (retention
time = about 7 min): impurity A = about 0.5;
impurity B = about 0.8; impurity C = about 1.8.

System suitability Reference solution (b):
- resoluticn: minimum 3.0 between the peaksdue to

impurity Band naftidrofuryl.

Limits:
- impurities A} B} C: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained withreference solution (a) (0.1 per cent);

- any other impun'ty: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- total: not more than 3 times the area of the principal
peak in the chromatogram obtained withreference
solution (a) (0.3 per cent);

- disregard limit: 0.2 times the area of the principal peak
in the chromatogram obtainedwith reference
solution (a) (0.02 per cent). .

Column

Injection port

Dereoee

Too,
(mIn)

0-4

4-a
8 - 18

18 - 30

Temperature
("C)

210

210 -+ 230

230 -+ 260

260

290

290
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Diastereoisomer ratio
Gas chromatography (2.2.28) as described in test B for
related substances.
Limits Test solution (b):
- jint eluting naftidrofuryl diastereoisomer: minimum

30 percentof thesum of the areas of me 2 peaks due to
naftidrofuryl.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchlotic add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric add is equivalent to 47.36 mg
of C,.H"NO,.

IMPURITIES
Specified impuruies A.. B, CJ DJ E.. F.

Naloxone Hydrochloride 11-363

E. 2-(diethylamino)ethyl (2RS)-2-[(furan-2-yl)methyl)-3­
(naphthalen-l-yl)propanoate,

F. 2-(diethylamino)ethyl 2-[(naphthalen-2-yl)methyl)-3­
(tetrahydrofuran-2-yl)propanoate.

____________________ PIlE"

Naloxone Hydrochloride
(Naloxone Hydrochloride Dihydrare, Ph. Bur.
monograph 0729)and eterecisomere

A. 2-[(naphthalen-l-yl)methyl)-3-(tetrahydrofuran-2-yl)
propanoic acid,

~
"" 0
-? »<;

~IH"-· ... O CH,
-e, • and slereolsomers

H 0

B. ethyl 2-[(naphthalen-l-yl)methyl]-3-(tetrahydrofuran-2-yl)
propanoare,

C"H22CINO,,2H,O 399.9

Action and use
Opioid receptor antagonist.

Preparation
Naloxone Injection

, Hel . 2 l-bO

51481-60-8

o (CH,

"'-_/"/"O~N-..............CH3

C. 2-(diethylamino)ethyl 3-(naphthalen-l-yl)-2-[(naphthalen­
l-yl)methyl]propanoate,

~
o ~{::H'

. 0 andenaotiomer

H"
o

D.2-(diethylamino)ethyl 3-[(2RS)-tetrahydrofuran-2-yl]
propanoate,

PIlE" _

DEFINITION
4,511-Epoxy-3,l4-dihydroxy-17-(prop-2-enyl)morphinan-6­
one hydrochloride dihydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Freelysoluble in water, soluble in ethanol (96 per cent),
practically insoluble in toluene.

IDENTIFICATION
Firs< identijicaricn: A, C.
Second identificatwn: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison naloxone hydrochloride dihydrare CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 8 mg of me substance to be examined
in 0.5 mL of warer R and dilute to 1 mL with methanol R.
Reference solution Dissolve 8 mg of naloxone hydrochlcride
dihydrare CRS in 0.5 mL of warer R and dilute to 1 mL with
methanol R.
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Flow rat< 1.5 mUmin.

Detection Spectrophotometer at 230 om.
Injection 20~.

Relativeretention Withreference to naloxone (retention
time =about 11 min): impurity C =about 0.6; .
impurity A =about 0.8; impurity F =about 0.9;
impurity D =about 1.1; impurity E =about 3.0;
impurity B = about 3.2.

Identification oj impuriues Use the chomatogram supplied
with naloxone for peak idenlificarian CRS and the
chromatogram obtained with reference solution (a) to
identify the peaksdue to impurities A, B, C, D, E and F.
System suiuzbility Reference solution (a):
- peak-OHIalley ratio: minimum 2.0, where Hp = height

above the baselineof the peakdue to impurity D and
flu = height above the baseline of the lowest point of the
curve separating this peakfrom the peakdue to naloxone.

Flow raW 2.0 mUmin.
Detection Spectrophotometer at 210 nm.

Injection 10 f.lL of the testsolution and reference
solutions (b) and (c).

Relativeretention With reference to naloxone (retention
time =about 50 min): impurity D =about 0.8.

Systemsuitability Reference solution (c):
- symmetry foaor: maximum 1.8 for the peakdue to

impurity D.

Limit:
- impurity D: not more than 1.5 times the area of the

principal peak. in the chromatogram obtained with
reference solution (b) (75 ppm).

Related substances
Liquid chromatography (2.2.29).

SoIutUm A Dissolve 1.10 g of sodium octanesuljonate R in
950 mL of waterfor chromalOgraphy R, adjust to pH 2.0 with
a 50 per cent VIVsolutionof phosphon'c add R, filter and
dilute to 1000 mL with walerfar chromatography R.

Test-solution Dissolve 0.125 g of thesubstance to be
examined in a 10.3 gIL solution of hydrrxhlori< acidRand
dilute to 25.0 mL with thesame solution.
Reference solution (a) Dissolve thecontentsof a vial of
naloxone for peak identification CRS (containing
impurities A, B, C, D, E and F) in I mL of a 10.3 gIL
solution of hydrrxhloric acid R.

Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with a 10.3 gIL solution of hydrrxhlmi< acidR.
Dilute 1.0 mL of thissolution to 25.0 mL with a 10.3 gIL
solution of hydrrxhloric acid R.

Column:
- size: 1= 0.125 m, '" = 4.0 mID;
- stationary phase: end-capped acty/silyl silica gelfor

chromatagraphy R (5 ~m);

- temperature: 40°C.
Mobilephase:
- mobile phaseA: acerom·trile R, tetrahydrofuran R, solutionA

(2:4:94 VIVII');
- mobile phaseB: tetrahydrofuran R, acetonitrile R, solution A

(4:17:79 VIVIY);

Plat< tic silica gel G plat< R.
Mobile phase Mix5 volumes of methanolRand 95 volumes
of the upper layer from a mixture of 60 mL of dilute
ammonia R2 and 100 mL of butanol R.
Applica,wn 5~.

Deoelopmem Over 213 of the plate.
Drying In air.

Detection Spray with a freshly prepared 5 gIL solution of
potassium ferricyanide R in/mic chloride solution Rl, examine
in daylight.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colour and size to
the principal spot in the chromatogram obtained with the
reference solution.
C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.50 g in carbon dioxide-free waterR and dilute to
25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Melhod 11).

Acidity or alkalinity
To 10.0 mL of solution S add 0.05 mL of methylred
solution R. Not more than 0.2 mL of 0.02 M sodium hydroxide
or 0.02.M hydrochloric add is required to changethe colour of
the indicator.

Specific optical rotation (2.2.7)
-181 to -170 (anhydrous substance), determined on
solution S.

Impurity D
Liquid chromatography (2.2.29).

Solution A Dissolve 1.58 g of ammonium hydrogen
caroonare R in 950 mL of water for chromarography R, adjust
to pH 9.0 with concentrated ammonia R and dilute to
1000 mL with walerfor ,hromalOgraphy R.

Testsolution Dissolve 0.500 g of the substance to be
examined in a 10.3 gIL solution of hydrrxhlori< acidRand
dilute to 20.0 mL with the same solution.
Reference solurian (aJ Dissolve 10.0 mg of naloxone
impurityD CRS in a 10.3 gIL solution of hydrrxhlmi< acid R
and dilute to 20.0 mL with the same solution. Dilute 5.0 mL
of this solution to 100.0 mL with a 10.3 gIL solution of
hydrrxhlori< acid R.

Reference solutWn (bJ Dilute 5.0 mL of reference solution (a)
to 100.0 mL with a 10.3 gIL solution of hydrochloric acid R.

Reference sdution (c) To 4.0 mL of the test solution add
2.0 mL of reference solution (a) and dilute to 20.0 mL with
a 10.3 gIL solution of hydrrxhlori< acid R.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped actadecylsilyl silica gelfar

chromatography R (5 urn),
- temperalUre: 40°C.
Mobile phase:
- mobile phase A: acelOnitrile Rl, solution A (20:80 VII');
- mobile phase B: acetonitrile Rl, solution A (40:60 VII');

Time MobUe pbage A MobIle phase B
(min) (per cent fIJI) (per cent V/Io?
0-50 100 0

50 - 51 100 ..... 0 0 ..... 100

5l- 60 0 100

Time
(mIn)

0·40

40 - 50

MobIle phase A
(per cent VIJI)

100 ..... 0

o

Mobile phase B
(per cent VIJI)

0 ..... 100

100
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Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity E by 0.5;
- impurities A, B, C, E, F: for each impurity, not more than

the area of theprincipal peakin the chromatogram
obtained with reference solution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.10 per cent);

- total: not more than 4 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.8 per cent);

- disregard limir. 0.25 times the area of me principal peak In
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Water (2.5.12)
7.5 per cent to 11.0 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 0.50 g.

ASSAY
Dissolve 0.300 g in 50 mL of ethanol (96 per cen() R and add
5.0 mL of 0.01 M hydrodiloric acid. Carry out a
potentiometric titration (2.2.20), using0.1 M emanolk sodium
hydroxide. Read thevolume added between the 2 pointsof
inflexion.
1 mL of 0.1 M ethanolic sodium hydroxide is equivalent to
36.38 mg of C I9H"CINO,.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Spedfied impun"ties A, BJ C~ D~ E~ F"
Otherdetectable impurities (thefollawing substances would, if
present at a sufficient /evel~ be detected by oneor otherof the tests
in the monograph. They are limitedby thegeneral acuptanu
criterion for otherlunspeeified impurities and/or l>y thegeneral
monograph Substances for pharmauuucal use (2034). It is
therefore not neensary to idenufy these impun"tie.s for
demonstration of romp/iana. See also 5.10. Control of impurities
in substances for pharmaceutical use) G.

~
HO 0 H 0

A. 4,5~-epoxy-3,14-<1ihydroxymorphinan-6-one
(noroxymorphone),

B. 4,5~-epoxy-14-hydroxy-17-(prop-2-enyl)-3-(prop-2­
enyloxy)morphinan-6-one (3-D-ailylnaioxone),

Naloxone Hydrochloride 11-365

~
o~ H\N............"CH,

_ HO

" J
HO O....H 0

C. 4,5~-epoxy-3,10a,14-trihydrnxy-17-(prop-2-enyl)
morphinan-6-one (lOa-hydrnxynaioxone),

D. 7,8-<1idehydrn-4,5~-epoxy-3, 14-dihydroxy-17-(prop-2­
enyl)morphinan-6-one (7,8-didehydronaloxone),

E. 4,SCl:4'~S'u-diepoxy-3,3',14,14'-tetrahydroxy-17, 17'-his
(prop-2-enyl)-2,2'-bimorphinanyl-6,6'-dione (2,2'­
binaloxone),

~~
HO o' H 0

F. 4,5~-epoxy-3, top,14-trihydroxy-17-(prop-2-enyl)
morphinan-6-one (10P-hydroxynaioxone),

G. 4,5~-epoxy-14-hydroxy-3-methoxy-17-(prop-2-enyl)
morphinan-6-one (3-D-methylnaioxone).

____________________ PhEIr
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DEFINITION
17-(Cyclopropylmethyl)-4,5o:-epoxy-3,14­
dihydroxymorphinan-6-one hydrochloride. It may be
anhydrous, a monohydrate or a dihydrate, a mixture or a
solvate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhitepowder,very hygroscopic.

SoIubllity
Freelysoluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorprion spectrophotometry (2.2.24).

Dissolve 20 mg in waterR and dilute to 5 mL with the same
solvent. Make alkaline with dilute ammonia Rl .. Shakewith
10 mL of methylene chloride R, separate the organic layer and
evaporate the solvent. DIY the residue obtained in vacuo.
Comparison nolsrexone hydrochloride CRS.
B. It gives reaction (a) of chlorides (2.1.1).

TESTS
Solution S
Dissolve 0.40 g in carbon dioxide-free waterR anddilute to
20.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
thanreference solutionY6 or B6 (2.2.2, JWethod 11).

Acidity and alkaIlnity
To 10 mL of solurion S, add 0.05 mL of methylred
solution R. Not more than 0.2 mL of 0.02 M sodium hydroxide
or 0.02 M hydrochlonc acid is required [0 change the colour of
the indicator.

Specific optical rotation (2.2.7)
-187 to -195 (anhydrous substance).

Dissolve 0.40 g in waterR and dilute to 20.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in 0.1 M hydrochlori< acid and dilute '0 10.0 mL
with the same solvent.
Reference solution (a) Dissolve 5.0 mg of naioexone
impurity C CRS in 0.1 M hydrochloric acidand dilute to
2.5 mL with me same solvent.

Time MobUe phose A Mobile phose B
(min) (per cent VIJ') (per cent V/V.l
0-45 90 ~ 55 to ..... 45

45 - 47 55 ~ 90 45 ..... 10

47 - 55 90 to

Reference solution (b) Dilute 1.0 mL of the test solution and
1.0 mL of reference solution (a) to 100.0 mL with 0.1 M
hydrochloric acid. Dilute 1.0 mL of this solution to 10.0 mL
with 0.1 M hydrochloric acid.
Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: octadecylsilyl $I7ka gelfor

chromatography Rl (5 um};
- temperature: 40 "C.

Mobik phase:
- mobile phaseA: J.l gIL solurion of sodium ocumesulfonase R

adjusted (0 pH 2.3 with phosphoric acidR;
- mobile phaseB: acetonitrik R;

Flow rau 1.2 mlJmin.

Detection Spectrophotometer at 230 nrn.
Equilibrarion 8 min.

111i«tion I0 IlL.
Relative retention Withreference to naltrexone (retention
time = about 16 min): impurity A = about0.4;
impurity B = about 0.7; impurity F = about 0.8;
impurity G = about 0.9; impurity C =about 1.05;
impurity H = about 1.1; impurity I = about 1.2;
impurity J = about 1.3; impurity D = about 1.4;
impurity E = 1.7.

System suitability Reference solution (b):
- resolution: minimum2.0 between the peaksdue to

naltrexone and impurity C.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity D by 0.4;
- impun'ties C, D, E, F, G: foreach impurity, not more than

twice the area of the peakdue to naltrexone in the
chromatogram obtainedwithreference solution (b)
(0.2 per cent);

- impurities A, B, H, I, J: for each impurity, not more than
the areaof the peakdue to nahrexone in the
chromatogram obtained withreference solution (b)
(0.1 per cent);

- any otherimpurity: for each impurity, not more than the
area of the peak due to naltrexone in the chromatogram
obtainedwith reference solution (b) (0.1 per cent);

- weal: not more than 10 times the area of the peakdue to
naltrexone in the chromatogram obtained withreference
solurion (b) (1.0 per cent);

- disregard limit: 0.5 rimes the area of the peak due to
naltrexone in the chromatogram obtained with reference
solution (b) (0.05 per cent).

Ethanol (2.4.24, System A)
Maximum 3.0 per cent.
Testsolution Dissolve 0.25 g of the substance to be
examined in water R and dilute to 10.0 mL with the same
solvent.
Reference solution Dilute 0.750 g of anhydrous ethanol R to
1000.0 mL with waterR.

Water (2.5.12)
.Maximum 10.0 per cent, determined on 0.200 g.

""".. .... .... ..
.... "

, Hel

377.9

(Ph. Eur. monograph 1790)

Naltrexone Hydrochloride

Action and use
Opioid receptor antagonist.
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Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 60 mL of ethanol (96 per eeno R, add
1.0 mL of 0.1 M hydrrxh/orie add. Carry out a potentiometric
titration (2.2.20), using 0.1 M sodium hydroxide. The curve
shows 3 pointsof inflexion. Read thevolume added between
the first 2 points of inIIexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 37.79 mg of
CroH,.CINO•.

STORAGE
In an airtight container. Protected from light.

IMPURITIES
Specified impurities A., B, C, D, E~ F, G, H, I}J.

....CHO

A),
~HO O/H a

A. 17-fonnyl-4,Sa-epoxy-3,14-dihydroxymorphinan-6-one,

H

@
HO 0 H a

B. 4.Sa-epoxy-3, 14-dihydroxymorphinan-6-one
(noroxymorphone),

C. I7-but-3-enyI-4,S,,·epoxy-3,14-dihydroxymorphinan-6­
one,

D. 17,17'-bis(cyclopropyhnethyl)-4,S",4',S'a-
diepoxy3,3'J14,14'-tetrahydroxy-2,2'-bimorphinanyJ-6,6'­
dione (pseudonahrexone),

Naltrexone Hydrochloride II-367

E. 3-(cyclopropylmethoxy)-17-(cyclopropylmethylj-a.Su­
epoxy-14-hydroxymorphinan-6-one,

HH N~

~),V

~HO O.>H 0

F. 17-(cycfopropylmethylj-e.Sc-epoxy-3, roe, 14­
trihydroxymorphinan-6-one,

HOH N~

~v
HO 0 H 0

G. 17-(cyclopropylmethyl)-4,S,,-epoxy-3,1OP,14­
trihydroxymorphinan-6-one,

H.17-butyl-4,Sa-epoxy-3,14-dihydroxymorphinan-6-one,

o H-, N:'\7

J~~~
I. 17-(cyclopropylmethyl)-4,Sa·epoxy-3,14­

dihydroxymorphinan-6,10-dione,

J. 17-(cyclopropylmethyl)-4,Sa-epoxy-14-hydroxy-3­
methoxymorphinan-6-one.

__________________~ PhE"
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DEFINITION
a-Oxoestr-d-en-Ijfl-vl decanoate.

Content
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solublllty
Practically insoluble in water, very soluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
A. Melting point (2.2.14): 34 -c to 38 'C.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison nandrokme decanoate CRS.

TESTS
Appearance of soludon
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y. (2.2.2, Method 1l).

Dissolve 0.20 g in 10 mL of methanol R.

Specific optIcal rotation (2.2.7)
+ 35.0 to + 40.0 (dried substance).

Dissolve 0.200 g in anhydrous ethanol R and dilute to
20.0 mL with the same solvent.

ImpuritIes A, B, C
Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg of the substance to be
examined in methylene chloride R and dilute to 5.0 mL with
the same solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with methylene chloride R.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with methylene chloride R.
Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 20.0 mL with methylene chloride R.
Reference solution (d) Dissolve 5 mg of nandrolone decanoare
for syseem suitability CRS (containing impurities A, B, C) in
0.5 mL of methylene chloride R.
Plare TLC silica gelplare R.
Mobile phase acetone R, heptane R (30:70 VII').

AppliC(JtWn 10 ilL of the test solution and reference
solutions (h), (c) and (d).

Development Over 2/3 of the plate.

Drying In air.

Time MobUe phase A Mobne phase B
(min) (per cent VIJI) (per cent VM
0-5 35 65

5·40 35 ..... 0 65 ..... 100

40 - 75 0 100
75 - 80 0 ..... 35 100 ..... 65

Detection Treat with alcoholk solution of sulfuric acidRand
heat at 130°C until the spots appear. Examine in ultraviolet
light at 366 nm.

Retardation factors Nandrolone decanoate :::::; about0.37;
impurity A = about 0.45; impurity B = about 0.55;
impurity C =about 0.58.

System suitability Reference solution (d):
- the chromatogram shows 4 clearly separated spots.
Limits:
- impun'r:y A: any spot due to impurity A is not more

intense than the principal spot in the chromatogram
obtainedwith reference solution (b) (1.0 per cent);

- impurities BJ C: any spot due to impurity B or C is not
more intense than me principal spot in the chromatogram
obtainedwith reference solution (e) (0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25 mg of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 5 mg of nandrolone decanoate
for pMk identificatwn CRS (containing impurities D, FJ G, H,
I, K, L) in me/hanoi R and dilute to 2.0 mL with the same
solvent.
Column:
- size: I:::::; 0.15 m, 0 :::::; 3.9 mm;
- stationary phase: end-<apped oetade<y/silyl silica gelfor

chroma",graphy R (5 urn).

Mobile phase:
- mobile phase A: warer for chroma"'graphy R;
- mobile phaseB: acetonilriJe R;

Flow rare 1.0 mIlmin.

Detection Spectrophotometer at 254 tun.

Injection 20 pL.

Relative retention With reference to nandrolone decanoate
(retention time = about 30 min): impurity D = about 0.05;
impurity F = about 0.6; impurity K = about 0.7;
impurity L = about 0.9; impurity G = about 0.97;
impurity H =about 1.1; impurity 1 =about 1.2.

Sysrem suitability Reference solution (h):
- peak-~a1Jey ratio: minimum 1.5, where Hp = height

above the baselineof the peakdue to impurityG and
H, =height above the baseline of the lowest point of the
curve separating thispeakfrom the peak due to
nandrolone decanoate.

Limus;
- coneaion factors: for the calculation of contents, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity D :::::; 0.5;
impurity F =0.6; impurity H =1.1; impurity 1 =1.3;
impurity K = 0.8;

360-70-3428.7

o

~
CH3 0'H

H H

H H
o .-P

Acdon and use
Anabolic steroid, androgen.

Nandrolone Decanoate
(ph. Eur: monograph 1992)
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- impurities D, F, G, H, I, K, L: for each impurity, not
more than 5 rimes the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.5 per cent);

- unspecified impurities: foreach impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 15 times the areaof the principal
peak in the chromatogram obtained with reference
solution (a) (1.5 per cent);

- disregard limir. 0.5 timesthe area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at a pressure not exceeding 0.7 kPafor 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 10.0 mg in anhydrous ethanol R and dilute to
100.0 mL with the same solvent. Dilute 5.0 mL of this
solution to 50.0 mL with anhydrous ethanol R. Measure the
absorbance (2.2.25) at the absorption maximum at 240 nm.
Calculate the contentof C28H4403 taking the specific
absorbance to be 407.

o

C. 3,3-<limethoxy-51X-estran-17p-yl decanoate,

D. l7p-hydroxyestr-4-en-3-one,

o

otW'H C"'~H
H Ii

° '.
H "C.lH

CH,

CH,

STORAGE
Under nitrogen, protected from light and at a temperature of
2 "C to 8 "C.

IMPURITIES .
Specified impuniuf A, B, C, D, P, 0, H, I, K, L
Otherdeuaable impurities (thefollowing rnbs/ances would, if
present at a sufficient level, bedetected by one or other 0/ the USlS

in the monograph. They a.. limited by the general accep./an«
criterion forother/unspecified impurities and/orby the general
monograph Substances for phannauutical use (2034). It is
the..fore no' ne<essary to iden,ify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forphannaceutical use) E, J.

o

dtP.H CH'~H
r ;
H H

o j
H

A. 3-oxo-5a.-esttan~17J3-yl decanoate,

o

CH,

CH,

E. 61X-hydroxy-3-oxoestr-4-en-17p-yl decanoate,

o

o
o

F. 3,6-dioxoestr-4-en-17J3-yl decanoate,

°

o£5
CH

' O' H

. .«'
H

°
G. 3-oxoestra-4,8(14)-dien-17!l-yl decanoate,

o

H. 3-oxoestr-4-en-17J3-yl undecanoate,

o

CH,

CH,

B. 3-methoxyestra-I,3,5(1O)-trien-17!l-yl decanoare,

~
, H CH' ~ H

it H
° .«'

I. 3-oxoestr-4-en-17J3-yl dodecanoare,

CH,
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between 230 om and 350 nm (2.2.25), the solution shows
4 absorption maxima} at 270 nm, 280 run) 287 run and
291 run. The ratios of the absorbances measured at the
maxima at 270 run, 287 nm and 291 run to that measured at
the maximum at 280 om are 0.82 to 0.86, 0.67 to 0.70 and
0.65 to 0.69, respectively.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison nophozoline hydrochloride CRS.
C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
50 mL withme same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method /1).

Acidity or alkalinity
To 20 mL of solution S add 0.2 rnLof 0.01 M sodium
hydroxide and 0.1 rnLof methyl red solution R. The solution is
yellow. Not more than 0.6 rnLof 0.01M hydrochloric acid is
required to change me colour of the solution to red.

Related substances
Liquid chromatogcaphy (2.2.2!1).

Testsolution Dissolve 50.0 mg of the substance to be
examinedin the mobilephase and dilute to 100.0 mL with
the mobile phase.
Reference solution (a) Dissolve 5 mg of l-naphthylaauic
acidR in the mobile phase, add 5 mL of the testsolution
and dilute to 100 rnLwith the mobile phase.

Reference solution (b) Dissolve 5.0 mg of naphazoline
impurityA CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 1.0 rnLof this solution to
100.0 rnL with the mobile phase.

Reference solution (c) Dilute 1.0 rnLof the test solution to
10.0 rnL with the mobile phase. Dilute 1.0 rnLof this
solution to 100.0 rnL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.0 mm;
- stationary phase: base-deactivated end-eapped octylsilyl silica

gelfor chromatography R (4 ~m) with a pore size of 6 om.

Mobile phase Dissolve 1.1 g of sodium oaanesulfonate R in a
mixture of 5 mL of glacial aceli<: acidR, 300 rnLof
acetonitrile Rand 700 rnLof water R.
Flow rate I mllrnin.
Detection Spectrophotometer at 280 om.
Injection 20 pL.

- Runtime 3 times the retention timeof naphazoline.
Retention nine Naphazoline = about 14 min.
System suiw.bility Reference solution(a):
- resolution: minimum 5.0 between the peaks due to

naphazoline and impurity B.
Limits:
- impuniy A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.1 per cent);

- unspecified impurities: not morethan the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained withreference solution (c)
(0.5 per cent);

55()'99-2

• HCI

246.7

Action and use
Alpha-adrenoceptor agonist.

(Ph. Eur. monograph 0730)

PhEIf _

____________________ Phf<6

L. 3-oxoestr-4-en-17Il-yl nonanoate.

K. a-oxoestr-t-en-Ijb-yl cctanoate,

CHO~
_~r;f>H ~
~ CH3

o

J. 5~-estr-3-ene-3,17~-diyl didecanoate,

DEFINITION
2-(Naphthalen-I-ylmethyl)-4,5-dihydro-IH-imidazole
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Freely soluble in water, soluble in ethanol (96 per cent).

mp
About 259 °C, with decomposition.

IDENTIFICATION
First identificaUim: B.
Second identification: A, C.

A. Dissolve 50.0 mg in 0.01 M hydrochlorU acidand dilute to
250.0 rnL with the same acid. Dilute 25.0 mL of the solution
to 100.0 rnL with 0.01 M hydrochloric acid. Examined

Naphazoline Hydrochloride
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**** ** ** ****

5144-52-5

• HNo,

273.3

(ph. Eur. monograph 0147)

Naphazoline Nitrate

Action and use
Alpha-adrenoceptor agonist.

DEFINITION
2-(Naphthalen-I-yhnethyl)-4,5-dihydro-IH-imidazole nitrate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water, soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: C.

Second identification: A, B~ D.
A. Meiring point (2.2.14): 167·C to 170 ·C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsalution Dissolve 50.0 mg in 0.01 M hydrochloric acid
and dilute to 250.0 mL with the same acid. Dilute 25.0 mL
of the solution to 100.0 mL with 0.01 M hydrochloric acid.
Spectral range 230-350 run.

Absorption maximum At 270 run, 280 run, 287 run and
291 run.

Absorbanu ratio:
- A m/A'80 = 0.82 to 0.86,
- A",/A'80 = 0.65 to 0.69.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison naphazo/ine nitrate CRS.
D. Dissolve 45 mg of the substance to be examined in 2 mL
of warer R. Add I mL of sulfuric acidR. Shake carefully and
allow to cool. Add I mL of ferrous sulfare salue"m R2 dropwise
along the walls of the container. At the junction of the
2 liquids, a brown colour develops.

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-jree waterR, wanning gently,
and dilute to 50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

pH (2.2.3)
5.0 to 6.5 for solution S.

ReJated substances
liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

PIlE" _

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent).

Loss on drying (2.2.32)
Maximwn 05 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 5.0 mL of 0.01 M
hydrochloric acidand 50 mL of ethanal (96 per cent) R. Carry
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volwne added between the 2 points of
inflexion.

I mL of 0.1 M sodium hydroxide is equivalent to 24.67 mg of
C l -4H 15CIN2 .

STORAGE
Protected from light.

IMPURITIES
Specified impuri.ies A.
Other detectable impurities: B, C, D.

A. N-(2-aminoethyl)-2-(naphthalen-I-yl)acetamide
(naphthylacetylethylenediamine),

B. (naphthalen-I-yl)acetic acid (I-naphthylacetic acid),

C. (naphthalen-I-yl)acetonitrile (J-naphthylacetonitrile),

D.2-(naphthalen-2-yhnethyl)-4,5-dihydro-IH-imidawle
(Il-naphazoJine).

____________________ PIlE"
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"'E<I _

**** ** *
*****

22204-53-1230.3

(Ph. Bur. Monograph 0731)

Naproxen

C,.H"o,

D.2-(naphthalen-2-ylmethyl)-4,5-dihydr<>-IH-imidazole
(~-naphazoline).

____________________ "'E<I

in the monograph" They arelimitedby the general acceptance
criterion for other/unspecified impun'ties and/or by the general
monograph Substances for pharmaceutical use (2034). lr is
therefore not neussary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phamuueutical use) B, C, D.

C. (naphthalen-I-yl)acetonitrile (I-naphthylacetonitrile),

A. N-(2-aminoethyl)-2-(naphthalen-I-yl)acetamide
(naphthylacetylethylenediamine),

B. (naphthalen-l-yljacetic acid (I-naphthylaeetie acid),

Action and use
Cycle-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparations
Naproxen OralSuspension
Naproxen Tablets

NaproxenGastro-resistant Tablets

DEFINITION
(2S)-2-(6-Methoxynaphthalen-2-yl)propanoic acid.

Content
99.0 percent to 101.0 percent (dried substance)"

Reference solution (a) Dissolve 5 mg of I-naphthylacetic
acid R in the mobile phase, add 5 mL of the test solution
and dilute to 100 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of naphazoline
impuriry A CRS in the mobile phase and dilute to 100.0 mL
with the same solvent. Dilute 5.0 mL of this solution to
100.0 mL with the mobile phase.

Reference solution (c) Dilute 2.0 mL of the test solution EO
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.

Column:
- size: I = 0.25 m, 0 =4.0 mID,

- stationary phase: base-deactivated end-capped octy!silyl siUw
gelforchromatography R (4 urn) with a pore size of 6 nm.

l\1.obile phase Dissolve 1.1 g of sodium oaanesutfonate R in a
mixtwe of 5 mL ofglacial acetic add R, 300 mL of
acetonitrde Rand 700 mL of wa'er R.
Flow rate 1 mUmin.

Detection Spectrophotometer at 280 nm.

Injection 20 ~L.

Run time 3 times the retention time of naphazoline.

Relative retention Withreference to naphazoline (retention
time =about 14 min): impurity A = about 0.76;
impurity D = about 1.24; impurity B =about 1.27;
impurity C =about 2.8.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

naphazoline and impurity B.
limits:
- impun"ty A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.5 per cent),

- unspecified impun"tw: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.10 per cent),

- total: not more than5 times the area of the principal peak
in the chromatogram obtained with reference solution (c)
(1.0 per cent),

- disregard limit: 0.25 times the area of the principal peakin
the chromatogram obtained withreference solution (c)
(0.05 per cent);disregard the peakdue to the nitrate ion.

Chlorides (2.4.4)
Maximum 330 ppm, determined on solutionS.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 30 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchlotic acid, determining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M perchloric acid is equivalent to 27.33 mg

of C14H15N303"

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.
Otherdetectable impun"ties (the following subszances would, if
present at a sufficient level, be detected by one or other of the USlS
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CHARACTERS
Appearance
'White or almost white, crystalline powder.

Solubility
Practically insoluble in water, soluble in ethanol (96 per cent)
and in methanol.

IDENTIFICATION
First identification: A, D.

Second identification: A, B, C.
A. Specific optical rotation (2.2.7): + 59 to + 62 (dried
substance).
Dissolve 0.50 g in ethanol (96 per cenO R and dilute to
25.0 mL with the same solvent.

B. Melting point (2.2.14): 154 -c to 158 'C.

C. Ultravioletand visible absorptionspectrophotometry
(2.2.25).

Testsolution Dissolve 40.0 mg in methanol R and dilute 10

100.0 mL with the same solvent. Dilute 10.0 mL of the
solution to 100.0 mL with methanol R.
Spectral range 230-350 nm.

Absorption maxima At 262 nm, 271 run, 316 run and
331 nm.

Specific absorbances at theabsorption maxima:
- at 262 nm: 216 to 238;
- at 271 nm: 219 to 241;
- at 316 nm: 61 to 69;
- at 331 nm: 79 '087.

D. Infrared absorption spectrophotometry (2.2.24).

Comparison napraxen CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY, (2.2.2, Method II).

Dissolve 1.25 g in methanol R and dilute to 25 mL with the
same solvent.

Enantiomeric purity
Liquid chromatography (2.2.29). Protea the solutions from
light.
Test solution Dissolve 25.0 mg of the substance to be
examined in tetrahydrofuran R and dilute to 50.0 mL with the
same solvent Dilute 2.0 mL of the solution to 20.0 mLwith
the mobile phase.
Reference sohuion (a) Dilute 2.5 mL of the test solution to

100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of racemic naproxen GRS
in 10.0 mL of tetrahydrofuran R and dilute to 100.0 mL with
the mobile phase.

Column:
- size: I;;;; 0.25 ID, 0 ;;;; 4.6 mmj

- stationary phase: silica geln-aueptorht-donor for chiml
separations R (5 urn) (S,S);

- temperature: 25 'C.
kIobue phase glacial acetic add R, acetonitrile R, 2-proparwl R,
hexaneR (0.5:5: 10:84.5 VIVIVIV).

Flowrate 2 mUmin.

Detection Spectrophotometer at 263 om.

Injection 20 ~L.

Rim lime 1.5 limes the retention time of naproxen
(retention time ;;;; about 5 min).

Naproxen 11-373

System suitability Reference solution (b):
- resoiution: minimum 3 between the peaks due to

impurity G and naproxen.
Limit:
- impun',y G: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(2.5 per cent).

Related substances
Liquid chromatography (2.2.29). Proua the solutions from
light.

Test so/ulwn Dissolve 12 mg of the substance to be
examined in the mobile phase and dilute to 20 mL with the
mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to

50.0 mL with the mobile pbase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobile phase.
Reference solution (b) Dissolve 6 mg of
bromomethoxynaphthalene R (impurity N), 6.0 mg of noproxen
impurity L CRS, 6 mg of 6-methaxy-2-nophthoi< acidR
(impurity 0) and 6 mg of (lRS)-I-(6-methoxynaphthakn-2­
yl)ethanolR (impurity K) in acetonitrile R and dilute to
10.0 mL with the same solvent. To 1.0 mL of the solution
add 1.0 mL of the test solution and dilute '0 50.0 mL with
the mobile phase. Dilute 1.0 mL of this solution to 20.0 mL
with the mobile phase. .

Column:
- size: I;;;; 0.10 m, 0 ;;;; 4.0 mm;
- stationary phase: end-capped o<tadecylsilyl siIi<a gelfor

chromatography R (3 pm);
- temperature: 50 "C.
Mobile phase Mix 42 volumes of acetonitrile Rand
58 volumes of a 1.36 gIL solution ofpotassium dihydrogen
phosphate R previously adjusted to pH 2.0 with phosphorie
acidR.
Flow rate 1.5 mUmin.

Detection Spectrophotometer at 230 om.

Injection 20 1'1-.
Run time 1.5 times the retention time of impurity N.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities K, 1., Nand O.

Relauve retention With reference to naproxen (retention
time =about 2.5 min): impurity 0 =about 0.8;
impurity K ;;;; about 0.9j impurity L = about l.4j
impurity N =about 5.3.

System suitability Reference solution (b):
- resolution: minimum 2.2 between the peaksdue to

impurity K and naproxen.
Limits:
- correaion factor. for me calculation of content, multiply the

peak area of impurity 0 by 2.0;
- impurity 0: not more than 1.5 times the areaof the

principal peak in the chromatogram obtainedwith
reference solution (a) (0.15 per cent);

- impun"ey L:not more than 1.5 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtainedwithreference solution (a)
(0.3 per cent);
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- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

Sulfated ash (2.4.1 </)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 25 mL of waterR and
75 mL of memanol R. Titrate with 0.1 M sodium hydroxide,
using 1 mL of pmnolphthalein solution R as indicator.
I mL of 0.1 M sodium hydroxide is equivalent to 23.03 mg
of C 14H1403 •

STORAGE
Protected from light.

IMPURITffiS
Specified impurities G, L, O.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be deucted by oneorother of the tests
in me monograph. They are limited by me general acaptan«
ctiterion for omer/unspecified impurilies andlor by the general
monograph Substances for pharmacenrical use (2034). II is
therefore not neussary to identify these impuritks for
demonstration of compliance. See also 5.10. Control of impun"Ues
in substances forpharmaceutical use) A, B, C, D, E, F, HJ 1,
J,K,M,N.

. H CH3

~CO'H
HO~

A. (2S)-2-(6-hydroxynaphthalen-2-yl)propanoic acid,

B. (2S)-2-(5-chloro-6-methoxynaphthalen-2-yl)propanoic
acid,

C. (2S)-2-(5-bromo-6-methoxynaphthalen-2-yl)propanoic
acid,

D. (2S)-2-(5-iodo-6-methoxynaphthalen-2-yl)propanoic acid,

2022

E. methyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate,

F. ethyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate,

G. (2R)-2-(6-methoxynaphthalen-2-yl)propanoic acid «R)­
enanriomer),

Hi fi-methoxynaphthalen-Zcol,

I. (6-methoxynaphthalen-2-yl)acetic acid,

J. 2-ethyl-6-methoxynaphthalene,

K. (IRS)-I-(6-methoxynaphthalen-2-yl)ethanol,

L. 1-(6-methoxynaphthale'n-2-yl)ethanone,

M.2-methoxynaphthalene (nerolin),

~Br

H3CO~

N.2-bromo-6-methoxynaphthalene,
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~C02H

H,CO~

O. 6-methoxynaphthalene-2-carooxylic acid (6-methoxy-2­
naphl:hoic acid).

TESTS
Appearance of solution
The solution is clear(2.2.1) and not more intenselycoloured
thanreference solution BY1 (2.2.2, Method II).
Dissolve 1.25 g in waterR and dilute to 25 mL with the
same solvent.

____________________ PhE"
pH (2.2.3)
7.0 to 9.8.

Dissolve 0.5 g in azrbon dioxide-free water R and dilute to
25 mL with the same solvent.

Enantiomeric purity
Liquid chromatography (2.2.29). Proteathe solutions from
light

Test solution Dissolve25.0 mg of the substance to be
examined in 15 mL of waterR and add I mL of hydrochloric
acid R. Shake with 2 quantities, each of 10 mL, of ethyl
aatale R, combine the upperlayers and evaporate to dryness
underreduced pressure. Dissolve the residue in 50.0 mLof
tetrahydrofuran R. Dilute 2.0 mL of this solution to 20.0 mL
with the mobilephase.
Reference solution (a) Dilute 2.5 mL of the test solution to

. 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of racemic naproxen CRS
in 10 mL of tetrahydrofuran R and dilute to 100 mL with the
mobile phase.
Column:
- size: 1= 0.25 m, 0 =4.6 mm:
- stationary phase: silica gel x-acceptorm-donor for rhiral

separations R (5 urn) (S,S);
- temperature: 25 ·C.
Mobile phase glacial aam acidR, acetonitrile R, 2-propanol R,
hexaneR (5:50:100:845 VIVIVIV).
Flaw rare 2 mllmin.

Detection Spectrophotometer at 263 run.
Injection 20 IlL.
Run time 1.5 times theretention time of naproxen
(retention time= about5 min).
System suitability Reference solution (b):
- resolution: minimum 3 between the peaksdue to

impurity G and naproxen.
Limit:
- impurity G: not morethan the area of the principal peak

in the chromatogram obtained with reference solution (a)
(2.5 per cent).

Related substances
Liquid chromatography (2.2.29). Protea the solutiansjrom
light.

Testsolution Dissolve 12 mg of the substance to be
examined in the mobilephaseand dilute to 20 mL with the
mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobile phase.

Reference solution (b) Dissolve 6 mg of
bromomethoxynaphthakne R (impurity N), 6.0 mg of naproxen
impuniy L CRS and 6 mg of (JRS)-I-(6-methoxynaphthalen­
2-yl)ethanol R (impurity K) in aceumitrile R and dilute to
10 mL with the same solvent. To 1 mL of the solution add
1 mL of the test solution and dilute to 50 mL with the
mobile phase. Dilute 1 mL of this solution to 20 mL with
the mobile phase.

26159-34-2252.2C"HI3O,Na

PhE" _

Naproxen Sodium
(Ph. Bur. monograph 1702)

DEFINITION
Sodium (2S)-2-(6-methoxynaphthalen-2-yl)propanoate.

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solublllty
Freelysoluble in water, freelysoluble or soluble in methanol,
sparingly soluble in ethanol (96 per cent).

IDENTIFICATION
First iJentificalitm: A, C, D.
Secondidentification: A, B, D.
A. Specific optical rotation (2.2.7): -17.0 to -14.7 (dried
substance).
Dissolve 0.50 g in a 4.2 gIL solution of sodium hydroxide R
and dilute to 25.0 mL wilh the same solution.
B. Ultraviolet and visibleabsorption spectrophotometry
(2.2.25).

Test solution Dissolve 40.0 mg in methanol R and dilute to
100.0 mL with the same solvent. Dilute 10.0 mL of this
solution to 100.0 mL with methanol R.
Spectral range 230-350 om.

Absorption maxima At 262 om, 271 om, 316 om and
331 om.

Specific absorbance at the absorption maxima:
- at 262 om: 207 to 227;
- at 271 om: 200 to 220;
- at 316 om: 56 to 68;
- at 331 om: 72 to 84.

C. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 50 mg in 5 mL of waterR. Add 1 mL
of dilu", sulfuric acidRand 5 mL of ethylcuela", R. Shake
vigorously. Allow the 2 layers to separate. Evaporate the
upperlayer to dryness and subsequently dryat 60°C for
15 min. Record the spectrumusing the residue.
Comparison naproxen CRS.

D. It gives reaction (a) of sodium (2.3./).
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Column:
- size: 1= 0.10 m, 0 = 4.0 mm;
- ,ra,wnaryphase: ocrade<y/silyl'iJiJ:a gelfor chromatography R

(3 1lI11);
- temperature: 50 "C.

Mobile phase Mix 42 volumes of acetonitrile Rand
58 volumes of a 1.36 gIL solution of potassium dihydrogen
pho,phate R previously adjusted to pH 2.0 with pho,phoric
acidR.
Flow rate 15 mUntin.
Detection Spectrophotometer at 230 nm.
Injection 20 ~L.

Run time J.5 times the retention time of impurity N.
Relativeretention Withreference to naproxen (retention
time =about 2.5 min): impurity K = about 0.9;
impurity L =about 1.4; impurity N =about 5.3.

System suil4biJity Reference solution (b):
- resolution: minimum 2.2 between the peaks due [0

Impurity K and naprcxen.

Limits:
- impun'ty L: not more than the area of the corresponding

peakin the chromatogram obtained withreference
solution (b) (0.1 per cent);

- unsped/ied impun"lies: for eachimpurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 timesthe area of the principal peak
in the chromatogram obtained withreference solution (a)
(0.3 per cent);

- disregard lim" 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

ASSAY
Dissolve 0.200 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchloric add, determining the end-point
potentiometrically (2.2.2Q).

I rnL of 0.1 M perchloric acidis equivalent to 25.22 mg
of CI~,,03Na.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impun'ties G, L
Otherdetectable impurities (thefollowing ,ub,,,,n,,,, would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for otherlunspedfied impurities andlor by thegeneral
monograph Sub,,,,n,,,, for pharmaceutical use (2034). It is
therefore not necessary co identify these impun·ties for
demonstration of compliane<. Seealso 5.10. Control of impuri""
in substances for pharmaceutical use) A. B, CJ D, E, F, H, 1,
J, K,M, N.

A. (2S)-2-(6-hydroxynaphthalen-2-yl)propanoic acid,

2022

B. (2S)-2-(5-ch1oro-6-methoxynaphthalen-2-yl)propanoic
acid,

C. (2S)-2-(5-bromo-6-methoxynaphthalen-2-yl)propanoic
acid,

D. (2S)-2-(5-iodo-6-methoxynaphthalen-2-yl)propanoic acid,

E. methyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate,

F. ethyl (2S)-2-(6-methoxynaphthalen-2-yl)propanoate,

G. (2R)-2-(6-methoxynaphthalen-2-yl)propanoic acid,

~OH

H,coAvV
H.6-methoxynaphthalen-2-o1,

I. (6-methoxynaphthalen-2-yl)acetic acid,

J. 2-ethyl-6-methoxynaphthalene,
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Comparison nateglinide CRS.

If the spectra obtained in the solid state show differences,
dissolve me substance to be examined and the reference
substance separately in methanol R, evaporate (0 dryness and
recordnew spectra using the residues.
C. Test B for relatedsubstances (see Tests).

TESTS
Related substances
A. ImpurityA and unspecifiedimpurities. liquid
chromatography (2.2.29).

Test sohuion Dissolve 60.0 mg of the substance to be
examined in 1 mL of aaronini!e Rl and dilute to 10.0 mL
with the mobile phase.
Reference solution (a) Dissolve 3.0 mg of nateglinide
impuriry A CRS in I mL of ocewnitrile RJ and dilute to
25.0 mL with the mobile phase.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 3 mg of the substance to be
examined in 1 mL of acetonitrile RJ, add 4.0 mLof reference
solution (a) and dilute 10 10 mL with the mobile phase.

Reference solution (d) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mLwith the mobile phase.

Column:
- size: 1= 0.05 m, 0 == 3.9 mm;
- stationary phase: spherical end-capped ocry/say/ silica gel

for chromarography R (5 ~m);

- temperature: 40 "C.
Mobile phase Mix 35 volumes of ocewnitrile RJ and
65 volumes of a 7.8 gIL solution of sodium dihydrogen
phosphate monohydrate R previously adjusted to pH 2.5 with
phosphoric acidR.
F/qw rate 2.0 mllmin.

Detection Spectrophotometerat 210 run.
lnjection 100 J.1L of the test solution and reference
solutions (h), (c) and (d).

Runtime 5 times the retention time of nateglinide.

Relative retention With reference to nateglinide (retention
time = about 7 min): impurity A = about 0.5.

System suitabiliry Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

impurity A and nateglinide.

Limits:
- impurity A: not more than the areaof the

corresponding peak in the chromatogram obtained
with referencesolution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (d) (0.10 per cent);

- sum0/unspecified impun·ties: not more than twice the
area of the principal peak in the chromatogram
obtained with reference solution (d) (0.2 per cent);

- disregard limir. 0.5 times the area of the principal peak
in me chromatogram obtained with reference
solution (d) (0.05 per cent).

B. Impurity B. Liquid chromatography (2.2.29).

Test solution Dissolve 0.200 g of the substance to be
examined in methanol R2 and dilute to 20.0 mL with the
same solvent.

J058J6-IJ4-4317.4

(Ph. Bur. monograph 2575)

HoC

H,J"~~Xh
o H\J

Nateglinide

PhE" _

N.2-bromo-6-methoxynaphthalene.

M.2-methoxynaphthalene (nerolin),

~B'

H3CO~

Actlon and use
Stimulates insulin release; treatment of diabetes mellitus.

L. 1-(6-methoxynaphthalen-2-yl)ethanone,

K. (IRSJ-I-(6-methoxynaphthalen-2-yl)ethanol,

DEFINITION
N- [[trans-4- (I-Methylethyl)cyclohexyl]carbonyl]-n­
phenylalanine.

Content
98.0 per cent 10 102.0 per cent (dried substance).

CHARACfERS
Appearance
Whiteor almost whitepowder.

Soluhility
Practically insoluble in water, freely solublein methanol and
in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
Carry out either tests A, B or tests B, C.
A. Specific optical rotation (2.2.7): -40.0 to -36.5 (dried
substance),
Dissolve 0.200 g in a 4 gIL solution of sodium hydroxide R
and dilute to 20.0 mLwith the same solution.
B. Infrared absorption spectrophotometry (2.2.24).

___________________ PIlE"
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Reference solution (aJ Dissolve 5 mg of nateglimde
impurity B CRS in methanol R2 and dilute to 10.0 mL with
the same solvent.

Reference solution (b) Dilute 1.0 rnLof the test solution to

50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 0.10 g of the substance to be
examined in methanol R2. Add J.O mLof reference
solution (a) and dilute to 10.0 mL with methanol R2.

Column:
- size: f = 0.25 m, 0 =4.0 mm;
- suuionary phase: urea type silica gel forchiral

chromatography R (5 um);
- temperature: 40 "C.

Mobile phase Dissolve 0.77 g of ammonium acetate R in
methanol R2 and dilute to 1000 mL with the same solvent.

Flow rate 0.8 rnIlmin.

Detection Spectrophotometer at 220 om.

I"jecu"on 10 J.lL of the test solution and reference
solutions (b) and (c).

Run time 1.5 times the retention time of nareglinide.

Relative retention With reference to nateglinide (retention
time = about 21 min): impurity B = about 0.9.

System suitability Reference solution (c):
- peak-to-val/ey ratio: minimum3, where Hp = height

above the baseline of the peakdue to impurity Band
H", = height above the baseline of the lowest point of
the curve separating this peakfrom the peak due to
nateglinide.

limit:
- impurity B: not more than the area of the principal

peak in the chromatogram obtainedwith reference
solution (b) (0.2 per cent).

C. Impurities C and D. Liquid chromatography (2.2.29).

Sodiumphosphate buffer Dissolve 8.5 g of anhydrous disodium
hydrogen pho,phate R in 950 mL of waterR. Adjust to pH 7.5
with phosphorit; acidR and dilute to 1000 mL with water R.
Test solution Dissolve 50.0 mg of thesubstance to be
examined in 25 mL of methanol R2 and dilute to 50.0 mL
with the mobile phase.
Reference sdution (a) Dissolve 5.0 mg of phenylalanine CRS
(impurity D) and 5 mg of nateglinide impurity C CRS in
methanol R2 and dilute to 25.0 mL with the same solvent.
Reference ,00ution (b) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference sdution (c) Dissolve 20 mg of the substance to be
examined in 10 mLof methanol R2, add 1.0 mL of reference
solution (a) and dilute to 20.0 mL with sodium phosphate
buffer.

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Referent:< solu,ion (e) Dissolve 50.0 mg of nateglimde CRS in
25 mL of methanol R2 and dilute to 50.0 mL with the mobile
phase.
Column:

- size: 1= 0.15 m, 0 = 6.0 mm;
- stanonary phase: po/ymethacry/ate gel R (6 urn);
- temperature: 30 'C.

Mobile phase methanol R2, sodium phosphate buffer
(45:55 VIV)o

Flow rate 1.0 rnIlmin.

2022

Detection Spectrophotometer at 210 om.
Injection 20 J1L of the test solutionand reference
solutions (b), (c) and (d).

Run time 1.4 times the retention timeof nateglinide.
Identification of impuruies Use me chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities C and D.
Relauveretendon With reference to nateglinide (retention
time =about 18 min): impurity D =about 0.2;
impurity C = about 0.9.

System suitability Reference solution (c):
- peak-to-1Jalley ratio: minimum 1.5, where Hp =height

above me baseline of the peakdue to impurity C and
H", = height above me baseline of the lowestpoint of
me curve separating this peakfrom the peakdue to
nateglinide.

Limits:
- impun'ty C: not morethan the area of the principal

peakin the chromatogram obtained withreference
solution (b) (0.2 per cent);

....:...- impurity D: not morethanthe area of the
corresponding peakin the chromatogram obtained
with reference solution (d) (0.2 per cent).

Limits:
- totalfor impurities A, B, C, D and sum of unspecified

impurilies: maximum 0.5 per cent;
- disregard limitfor impun'ties A, B, C and D: 0.05 per cent

for each impurity.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C Cor 2 h.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in test C for
related substances with the following modification.
Injection Test solution andreference solution (e).
Calculate the percentage contentof CI9H27NOj taking into
account the assigned contentof nateglinide CRS.

IMPURITIES
Specified impurities A, B, C, D.

Otherdete<tab/e impurities {the following substane<s would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They... limited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for phormauuti<aI use (2034). It is
therefore no' necessary '0 idennfy these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) EJ FJ G.

A. trans-4-(I-methylethyl)cyclohexanecarboxylic acid,
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20702-77-6613C,.H"OI5
I'I>E" ~ _

(ph. Eur. monograph 1547)

DEFIl'IITION
1-[4- [[2-0-(6-DeoXY-<.<-L-manncpyranosylj-Bcn­
glucopjranosyl)oxy]-2,6-dihydroxyphenyl]-3-(3-hydroxy-4­
methoxyphenyl)propan-l-one.

Content
96.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white powder.

Solubility
Practically insoluble in water, freely soluble in dimethyl
sulfoxide, soluble in methanol, practically insoluble in
methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison neohesperidin-dihydrochalcone CRS.
B. Examinethe chromatograms obtainedin the assay.
Results The principal peakin the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).

TESTS
Appearance of soludon
The solution is clear (2.2.1) and not more intensely coloured
thanreference solution Y4 (2.2.2" Method II).
Dissolve 0.25 g in methanol R and dilute to 25 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve0.10 g of the substance to be
examined in dimethyl sulfoxide R and dilute to 50.0 mL with
the samesolvent.
Test solution (b) Dilute 10.0 mL of test solution (a) to
20.0 mL with dimethylsulfoxide R.

Reference solution (a) Dissolve 50.0 mg of neohesperidin­
dihydrochalcone CRS in dimethyl sulfoxide Rand dilure to
50.0 mL with the same solvent.

Reference solution (b) Dissolve 4.0 mg of neohesperidin­
dihydrochalcone impurity B CRS in dimethyl sulfoxide Rand
dilute to 100.0 mL with the same solvent.

Reference solution (c) Dilute 1.0 mL of test solution <aJ to
100.0 mL with dimethyl mlfoxide R.
Reference solution (d) In order to prepare in situ impurity F
and impurity G, suspend 0.10 g of the substance to be
examined in 10.0 mL of a 100 gIL solution of su/fum acid R.

HO~ OH

OO~OH,OCH3

OH I
HO # .#

H~0'J OH 0

'H'
OH OH

Neohesperidin-Oihydrochalcone
Hc

H5

...

Hth
3 '~'v"Co,H

it , .... _r\
OH~

C. N-[[cis-4-(I-methylethyl)cyclohexyl)carbonyl]-I>­
phenylalanine (cis-isomer),

B. N-[[trans-4-(I-methylethyl)cyclohexyl)carbonyl]-L­
phenylalanine (t-phenylalanine isomer),

D. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),

E. N-[(trans-4-ethylcyclohexyl)carbonyll-I>-phenylalanine,

F. N-[[trans-4-(I-methylethyl)cyclohexyl)carbonyl)-D­
phenylalanyl-I>-phenylalanine,

G. ethyl N-[[trallS-4-(I-methylethyl)cyciohexyl)carbonyl)-D­
phenylalaninate.

____________________ I'I>E'"
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A. 1-[4-[[2-0-(6-<1eoXY-C<-L-mannopyranosyl)-~-D­

glucopyranosyl]oxy]-2,6-dihydroxyphenyl]ethanone
(pWoroacetophenone neohesperidoside),

B. 7-[[2-0-(6-<1eoXY-C<-L-mannopyranosyl)-~-D­
glucopyranosyl]oxy]-5-hydroxy-2-(3-hydsoxy-4­
methoxyphenyl)-4H-I-benzopyran-4-one (neodiosmin),

DCH,

and enantiomer

OH

OH 0

OH 0

HO~00

OH

HO

H~01

H
OH OH

HO~00

OH

HO

H~0'J

H
OH OH

Calculate the percentage content of C28H~6015 using the
chromatogram obtained with reference solution (a) and the
statedcontent of C2sH.36015 in neohesperidin­
dihydrochalcone CRSJ correcting for me water contentof the
substance to be examined.

STORAGE
Protected from light.

IMPURITIES

HO~H00V;0H

I # cH,
HO

H~O~ OH 0

H
OH OH

HO~O~OH'" OH
OH I I

HO #

H~01 OH 0

H
OH OH

C. (2RS)-7-[[2-0-(6-deoXY-C<-L-mannopyranosyl)-ll-o­
glucopyranosyi]oxy]-5-hydroxy-2-(3-hydsoxy-4­
methoxyphenyl)-2,3-dihydro-4H-I-benzopyran-4-one
(neohesperidin),

D. 1-[4- [[2-0-(ti-deoxy-a-t-mannopyranosylj-B.D­
glucopyranosyl]oxy]-2,6-dihydsoxyphenyl]-3-(4­
hydsoxyphenyl)propan-I-one (naringin-dihydsochalcone),

Heat the sample for 5 min on a water-bath. Dilute
immediately 1.0 mL of me resulting solution to 50.0 mL
with dimethyl sulfoxide R.
Column:
- size: / = 0.15 rn, 0 = 3.9 mm,
- stationary phase: spherical octade<y/silyl silica gd for

chromawgraphy R (4 pm) with a carbon loading of
7 per cent,

- temperature: 30°C.

Mobile phase Mix 20 volumes of acewnitrile R and
80 volumes of a solutionprepared by adding.5.0 mL of
glacial acetic acidR to 1000.0 mL of water R.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 282 nm.

Injection 10 J,lL; inject test solution (3) andreference
solutions (a), (b), (c) and (d).

Run time 5 times me retention timeof neohesperidin­
dibydrochalcone whichis about 10 min.
Relativeretention With reference to neohesperidin­
dihydsochalcone: impurity B = about 0.4:
impurity D =about 0.7; impurity F =about 1.2;
impurity G =about 3.7.

System suitability:
- resolution: minimum of 2.5 between the first peak

(neohesperidin-dihydsochalcone) and the second peak
(impurityF) in the chromatogram obtained with reference
solution (d),

- chromatogram obtained with reference solution (a) is
similar to the chromatogram provided with neohesperidin­
dihydrochakone CRS.

Limits:
- impurity B: not more than the area of the principal peak in

the chromatogram obtained withreference solution (b)
(2 per cent),

- impuniy D: not more than twice the area of the principal
peak in the chromatogram obtained withreference
solution (c) (2 per cent),

- any other impun'ty: not more than0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.5 per cent),

- total of all impun;ies apun from impurity B: not more than
2.5 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(2.5 per cent),

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtainedwith reference solution (c)
(0.05 per cent).

Water (2.5.12)
Maximwn 12.0 percent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximwn 0.2 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances.
Inj«.tion 10 ilL; inject test solution (b) andreference
solutions (a) and (d).

Syuem suitability:
- resolution: minimwn of 2.5 between the first peak

(neohesperidin-dihydrochalcone) and the second peak
(impurity F) in the chromatogram obtained with reference
solution (d),

- repeatability: reference solution (a).

www.webofpharma.com



2022 Neomycin Sulfate 11-381
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G.3-(3-hydroxy-4-methoxyphenyl)-I-(2,4,6­
trihydroxyphenyl)propan-I-one (hesperetin­
dihydrochalcone).

F. 1-[4-(P-o-glucopyranosy!oxy)-2,6-dihydroxyphenyl)-3-(3­
hydroxy-4-methoxyphenyl)propan-I-one (hesperetin­
dihydrochalcone 7'-g1ucoside),

DEFINITION
Mixtureof sulfates of substances produced by the growthof
certain selected strains of Streptomyces fradiae, the main
component being me sulfate of 2-deoxy-4-0-(2,6-diamino­
2,6--dideoxy-<x-o-glucopyranosyl)-5-D-[3-D-(2,6-diamino-2,6­
dideoxy-Il-L-idopyranosyl)-Il-o-ribofuranosyl]-o-streptamine
(neomycin B).

Content
Minimum of 680 IU/mg (dried substance).

CHARACTERS
Appearance
White or yellowish-white powder, hygroscopic.

SoIubliity
Very soluble in water, very slightly soluble In alcohol,
practically insoluble in acetone.

IDENTIFICATION
A. Examine the chromatograms obtained in the test for
related substances.
Results:

- the retention time of the principal peak in the
chromatogram obtained with the test solution is
approximately the same as that of the principal peak
in the chromatogram obtained with reference
solution (e)j

- it complieswith the limits given for impurity C.
B. It gives reaction (a) of sulfates (2.3.1).

TESTS
pH (2.2.3)
5.0 to 7.5.

Dissolve 0.1 g in carbon dioxide-free water R and dilute to
10 mL with me same solvent.

Specific optical rotation (2.2.7)
+ 53.5 to + 59.0 (dried substance).

Dissolve 1.00 g in waterR and dilute to 10.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solulion Dissolve 25.0 mg of me substance to be
examinedin the mobilephaseand dilute to 50.0 mL with
the mobile phase.

Reference solution (a) Dissolve 25.0 mg ofJramyutin
sulfateCRS in the mobile phase and dilute to 50.0 mL with
the mobile phase.
Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Reference solution (c) Dilme 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Rsference solution (d) Dissolve the cohrents of a vial of
neamineCRS (corresponding '0 0.5 mg) in the mobile phase
and dilute to 50.0 mL with the mobile phase.

Reference solution (e) Dissolve 10 mg of neomycin sulfateCRS
in the mobile phase and dilute to 100.0 mL with the mobile
phase.
Column:
- size: / =0.25 rn, 0 =4.6 mm;
- stationary phase: base-deactivated octade<y/silyl sllica gelfor

chromatography R (5 um):
- temperature: 25 "C.

Mobilephase Mix 20.0 mL of trifluoroautic acid R, 6.0 mL
of carbonate-free sodium hydroxide sdution Rand 500 mL of

PhE'" _

**** ** ** ****

615
(base)

:~~N~......o-~H~
~

OH ~NH' •
QH NH2 HO 0

HO OHO N~

NH,

Neomycin Sulphate

(ph. Eur. mauograph 0197)

Neomycin Sulfate

H~~H0O~~OH : ·OCH3

OH OH I -'" I -'"
HO

OH OH 0

OH

HOyyOH ~OCH3

~
OH 0

HO~ OH

OO~OH~ OCH3

OH I I
HO .# ,.,#

OH OH 0

E. 1-[4-[[6-0-(6-deoXY-<H-mannopyranosyl)-~-o­

glucopyranosyl]oxy)-2,6-dihydroxyphenyl]-3-(3-hydroxy-4­
methoxyphenyl)propan-I-one (hesperidin­
dihydrochalcone),

Action and use
Aminoglycoside antibacterial.

Preparations
Dexamethasone and Neomycin Ear Spray

Hydrocortisone and Neomycin Cream
Hydrocortisone Acetate and Neomycin EarDrops
Hydrocortisone Acetate and Neomycin Eye Drops
Hydrocortisone Acetate and Neomycin Eye Ointment

Neomycin Eye Drops

Neomycin Eye Ointment

Neomycin Tablets
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II-382 Neomycin Sulfate

water R, allow to equilibrate, dilute to 1000 mL with water R
and degas.
Flowrate 0.7 mUmin.

Post-column solution carbonate-free sodium hydroxide solution R
diluted 1 in 25 previously degassed, which is added pulse-less
to the column effluentusing a 375 J.lL polymeric mixingcoil.
Flowrate 0.5 mUmin.

Detection Pulsed amperomelric detector with B gold
indicator electrode, a silver-silver chloride reference electrode
and a stainless steel auxiliary electrode which is the cell body,
held at respectively 0.00 V detection, + 0.80 V oxidation and
-0.60 V reduction potentials, with pulse durations according
to the instrument used.
Injection 10 ,",1..; inject the test solution and the reference
solutions (b), (c), (d) and (e).

Run time 1.5 times me retention timeof neomycin B.

Relative retention With reference to neomycin B (retention
time =about 10 min): impurity A =about 0.65;
impurity C =about 0.9; impurity G =about 1.1.

System suitability:
- resolution: minimum of 2.0 between the peaks due to

impurity C and to neomycin B in the chromatogram
obtainedwith reference solution (e); if necessary, adjust
me volume of the carbonate-free sodium hydroxide
solution in the mobile phase;

- signal-to-noise ratio: minimum 10 for the principal peak in
the chromatogram obtainedwith reference solution (c).

Limits:
- impun·ty A: not more than the area of the principal peak

in the chromatogram obtainedwithreference solution (d)
(2.0 per cent);

- impun·ty C: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (15.0 per cent) and not less than
0.6 times the area of the principal peak in the
chromatogram obtained withreference solution (b)
(3.0 per cent);

- Qfry' otherimpun·ty: not more than the area of the principal
peak in the chromatogram obtained withreference
solution (b) (5.0 per cent);

- toudof mher impun'ties: not more than 3 times the area of
the principal peak in the chromatogram obtainedwith
reference solution (b) (15.0 per cent);

- disregard limit: area of the principal peakin the
chromatogram obtainedwith reference solution (c)
(1.0 per cent).

Sulfate
27.0 per cent to 31.0 per cent (dried substance).

Dissolve 0.250 g in 100 mL of waterR and adjust the
solution to pH 11 using concentrated ammonia R.
Add 10.0 mL of 0.1 M bariumchloride and about 0.5 mg of
phthalein purple R. Titrate with 0.1 M ,odium<derate adding
50 mL of akchol R when the colour of the solution begins to
change, continuing the titration until the violet-blue colour
disappears.
I mL of 0.1 M bariumchloride is equivalent to 9.606 mg of
SO•.

Los. on drying (2.2.32)
Maximum 8.0 per cent, determined on 1.000 g by drying in
vacuo at 60 °C at a pressure not exceeding0.7 kPafor 3 h.

Sulfated ash (2.4.14)
Maximum 1.0 per cent, determined on 1.0 g.

2022

ASSAY
Carry out the microbiological assayof antibiotics (2.7.2).
Use neomycin sulfate for mkrobiological assayCRS as the
chemical reference substance.

STORAGE
In an airtight container, protected from light.

IMPURITIES

A. 2-deoxy-4-o-(2,6-diamino-2,6-dideoxy-<t-o­
glucopyranosyl)-n-streptamine (neamine or neomycinA­
LP),

B. 3-N-acetyl-2-deoxy-4-o-(2,6-diamino-2,6-dideoxy-<t-o­
glucopyranosyl)-o-streptamine (3-acetylneamine),

H,NbHO:q:~~~'~'O.~~H'
OH ~NH2

HO 0
HO 0 OH NH:z

NH,

C. 2-deoxy-4-o-(2,6-diamino-2,6-dideoxy-<t-o­
glucopyranosyl)-5-o-[3-o-(2,6-diamino-2,6-dideoxy-<t-D­
glucopyranosyl)-Jl-o-ribofuranosyl]-o-streptamine
(neomycin C),

1;::P:
H~

NIi,

D.4-o-(2-amino-2-deoxy-<t-o-glucopyranosyl)-2-deoxy-o­
streptamine (paromamine or neomycin D)J

E. 4-o-(2-amino-2-deoxy-<t-o-glucopyranosyl)-2-deoxy-5-o­
[3-o-(2,6-diamino-2,6-dideoxy-p-L-idopyranosyl)-Jl-o­
ribofuranosyl]-n-streptamine (paromomycin I or neomycin
E),
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2022 Neostigmine Bromide 11-383

Spectral range 230-350 nm.

Absorption maxima At 260 run and 266 run.

Specific absorbance at the absorption maxima:
- at 260 om: about 16j
- at 266 run: about 14.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison neostigmine bromide CRS.

C. To 50 mg add 0.4 g of potassium hydroxide R and 2 mL of
ethanol (96 percenlj R and heat on a water-bath for 3 min,
replacing the evaporated ethanol (96 per cent). Cool and add
2 mL of walerRand 2 mL of diazobenzenesu/fonit add
solution RI. An orange-red colourdevelops.
D. It gives the reactions of bromides (2.3./).

TESTS
Solution S
Dissolve 2.5 g in distilled water R and dilute to 50 mL with
the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve 4 mg of
3-dimethylaminophenol R (impurity B) in 50 mL of the mobile
phase. Dilute 1 mL of the solution to 200 mL with the
mobile phase.
Reference solution (e) Dissolve the contents of a vial of
neostigmine impurityA CRS in I mL of reference solution (b).

Reference ,00ution (d) Mix 1 mL of the mobile phase and
1 mL of referencesolution (a).

Column:
- size: 1= 0.25 m, 0 =4.0 mrn;
- stationary phase: base-deactivated octy/ri(yl silica gelfor

chromatography R (5 pm);
- temperature: 30 "C.
Mobile phase To 710 mL of a 3.6 gIL solution of sodium
dihydrogen phosphate R previously adjusted to pH 3.2 with
phosphoric acid R, add 4.3 g of sodium dodecyl "dfate Rand
290 mL of a"tem·tri1e RI.
Flow rate 1.6 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 50 J-IL of the test solution and reference
solutions (a), (c) and (d).

Run lime Twice the retention time of neostigmine.
Identijication of impurities Use the chromatogram obtained
with reference solution (c) to identify the peaksdue to
impurities A and B.

Relative retention Wilhreference to neostigmine (retention
time = about 20 min): impurity B = about 0.56;
impurity A =about 0.61.

Sy,tem suitability:
- resolution: minimum 1.5 betweenthe peaksdue to

impurities B and A in the chromatogram obtained with
reference solution (c);

- signal-to-noise ratio: minimum 25 for the principal peakin
the chromatogram obtainedwith reference solution (d).

114-80-7

8,

303.2

Action and use
Cholinesterase inhibitor.
Preparation
Neostigmine Tablets

PhEm _

Neostigmine Bromide

___________________ PhEm

G. 3-N-acetyl-2-deoxy-4-0-(2,6-diamino-2,6-dideoXY-o<-D­
glucopyranosyl)-5-o-[3-o-(2,6-diamino-2,6-dideoXY-~-L­

idopyranosyl)-~-D-ribofuranosyl]-D-streptamine(neomycin
B-LP).

F. 4-o-(2-amino-2-deoxy-o<-D-g1ucopyranosyl)-2-deoxy-5-o­
[3-o-(2,6-diamino-2,6-dideoXY-O<-D-g1ucopyranosyl)-~-D­

ribofuranosyl]-o-streptamine (paromomycin n or
neomycin F)J

DEFINITION
3-[(Dimethylcarbamoyl)oxy]-N,N,N-trimethylanilinium
bromide.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor colourless
crystals, hygroscopic.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
First identijication: B, D.
Secondidentijicatil>n: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Tes' 'olution Dissolve 20 mg in 0.5 M rulfurit acidand dilute
to 100 mL with the same acid.

(Ph. Bur. monograph 0046)
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II-384 Neostigmine Metilsulfate 2022

51-60-5334.4

Action and use
Cholinesterase inhibitor.

Preparation
Neostigmine Injection

(ph. Bur. monograph 0626)

DEFINITION
3-[(DimethyIcarbamoyl)oxyJ-N,N,N-trimethylanilinium
methyl sulfate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
While or almost white, crystalline powderor colourless
crystals, hygroscopic.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: A, C.

Second identification: A, B, D, B.
A. Melting point (2.2.14): 144"C to 149 "C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 50 mg in 0.5 M sulfuric acidand dilute
to 100 ml, with the same acid.

Spectral range 230-350 om.

Absorption maxima 261 run and 267 run.

Resolution (2.2.25): minimum 1.9 for the absorbance ratio.

Absorbance ratio A'67lA'61 =0.84 to 0.87.
C. Infrared absorption spectrophotometry (2.2.24).

Comparison neostigmine melilsulfate CRS.
D. To 50 mg add 0.4 g of potassium hydroxide R and 2 mL of
ethanol (96 per cent) R and heat on a water-bath for 3 min,
replacing the evaporated ethanol (96 per cent). Cool and add
2 mL of waterR and 2 mL of diazobenzenesu!/onic acid
solution RI. An orange-red colourdevelops.
E. Dissolve 0.1 gin 5 mL of distilled water R and add I mL
of barium chloride solution Rl. No precipitate is formed.
Add 2 ml,'of hydrochloric acid R and heat in a water-bath for
10 min. A fine, white precipitate is formed.

TESTS
Solution S
Dissolve 2.5 g in distilled water R and dilute to 50 mL with
the same solvent.

App~ceofswution

Solution S is clear (2.2.1) and colourless (2.2.2, Mediad II).

Acidityoralk8Iin.lty
To 4.0 ml, of solution S add 6.0 mL of water Rand 0.1 mL
of pheno/phdlalein solution R1. The solution is colourless,
Add 0.3 ml, of 0.01 M sodium hydroxide; the solution

PhE.r _

Neostigmine MetilsulfateCalculation of percentage contents:
- for each impurity, use the concentration of neostigmine

bromide in reference solution (a);
- correction factor: multiply the peakarea of impurity B

by 0.5.

Limits:
- impun"ty B: maximum 0.01 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due to

impurity B.

Sulfates (2.4.13)
Maximum 200 ppm, determined on solution S.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.225 g in 2 mL of anhydrom formic acidR.
Add 50 mL of acetic anhydride R. Titrate with 0.1 M
perchforic add,determining the end-pointpotentiometrically
(2.2.2fJ).
I mL of 0.1 M perchloric acidis equivalent to 30.32 mg

of C12H19BrN202'

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B.
Otherdetectable impua'ties (thefol/bwing substances would, if
prosent at a sufficient level, be detected by one or other of die tats
in die monograph. They arelimited by diegeneral acceptance
criterion forodlerlunspecified impurities and/or by diegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these ;mpuniies for
demonstration of compliance. See also 5.10. Control ofimpurities
in substances for pharmaceutical use) A, C.

DI CH
HO' N.... 3

I
CH,

A. 3-hydroxy-N,N,N-trimethylanilinium,

B. 3-(dimethylamino)phenol,

C. 3-(dimethylamino)pbenyl dimethylcarbamate.
____________________ PhE.r
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becomes red. Add 0.4 mL of 0.01 M hydrochloric acid; the
solution becomes colourless. Add 0.1 mL of methyl red
tduuon R; the solution becomes red or yellowish-red.

Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of me substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 4 mg of
3-dimethylaminophenol R (impurity B) in 50 mL of the mobile
phase. Dilute I mL of the solution to 200 mL with the
mobile phase.
Reference solution (c) Dissolve the contents of a vial of
neostigmine impurity A CRS in 1 mL of reference solution (b).

Reference solution (d) Mix I mL of the mobile phase and
1 mL of reference solurionfa).

Column:
- size: 1= 0.25 m, 0 ;;;: 4.0 mm;
- stationary phase: base-deactioated octy/si!YI silica gelfor

chromatography R (5 urn);
- temperature: 30 'C.
Mobile phase To 710 mL of a 3.6 gIL solution of sodium
dihydrogen phosphate R previously adjusted to pH 3.2 with
phosphori< acid R, add 4.3 g of sodium dMuyl sulfate R and
290 mL of acetonitrile for chromatography R.
Flow rate 1.6 mUmin.
Delation Spectrophotometer at 220 om.
lnjuu"on 50 J.lL of me testsolutionand reference
solutions (a), (c) and (d).

Run time Twice the retention timeof neostigmine.
Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peaks due to
imputities A and B.

Relativeretention With reference [0 neostigmine (retention
time = about 20 min): impurity B = about 0.56;
imputity A =about 0.61.

System suitability.
- resolution: minimum 1.5 between the peaks due to

impurities B and A in the chromatogram obtained with
reference solution (c);

- signal-eo-noise ratio: minimum 25 for the principal peak in
the chromatogram obtained with reference solution (d).

Calculation of percentage contents:
- correction factor: multiply the peak area of impurity B

by 0.5;
- for each impurity) use the concentration of neostigmine

metilsulfate in reference solution (a).

Limits:
- i~ B: maximum 0.01 percent;
- unspecified impun'ties: foreach impurity) maximum

0.10 per cent;
- total: maximum 0.2 percent;
- reporting threshold: 0.05 per cent, except for impurity B.

Sulfates (2.4.13)
Maximum 200 ppm) determined on solution S.

Loss on drying (2.2.32)
Maximum 0.5 per cent, detennined on 1.000 g by drying in
an oven at 105 QC.

Neostigmine Metilsulfate 11-385

Sulfated ash (2.4.14)
Maximum 0.1 per cent)determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 150 mL of water R and add 100 mL of
dilute sodium hydroxide solution R. Distil, coUecting the
distillate in 40 mL of a 40 gIL solution of boric acid R until
the total volumein the collecting vessel is about 250 mL
Titrate the solutionin the collecting vesselwith 0.1 M
hydrochlori< add, using 0.25 mL of methylredmixed solution R
as indicator. Carryout a blank. test.
I mL of 0.1 M hydrochlori< acid is equivalent to 33.44 mg of
C13H22N206S.

STORAGE
In an airtight container) protected from light.

IMPURITIES
Specified impuniies B.

Otherdetectable impurities (the following substances would, if
present at a sufficient level) bedetected by oneor otherof the teses
in the monograph. They are limited by thegeneral acceptance
cruetion for other/unspecified impurities and/orby thegeneral
monograph Substances for phannaceurical use (2034). It is
therefore notnuessaryto itkntify these impurities for
demonstration ofcamp/iance. See also 5.10. Control of impurities
in substanus for phamuueut;cal use) A) C.

A. 3-hydroxy-N,N,N-ttimethylanilinium,

DI CH
HO" N.... 3,

CH,

B. 3-(dimethylamino)phenol,

C. 3-(dimethylamino)phenyl dimethylcarbamate.
___________________ PhE,;
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PhE" ~ _

Reference solution (b) Dissolve 25.0 mg of sisomidn
sulfate CRS (impurity A) in the mobile phase and dilute to
25.0 mL with the mobile phase.

Reference solution (cJ Dissolve 25.0 mg of J-N-ethylgaramine
sulfate CRS (impurity B) in the mobile phase and dilute to
25.0 mL with the mobile phase.

Reference sdtuion Cd) Dilute 0.6 mL of reference
solution (a), 1.0 mL of reference solution (b) and 1.0 mL of
reference solution (c) to 50.0 mL with the mobilephase.
Reference solution Ce) Dissolve 5.0 mg of netilmicin forpeak
identification CRS (containing impurities E and F) in the
mobilephase and dilute to 2.5 mL with the mobile phase.
Column:
- size: 1= 0.25 ID, 0 = 4.6 rnm;
- stationary phase: oClad«y/si1Y1 silica gelfor chromatography R

(5 IUU);
- temperature: 50 "C.

Mobile phase Solution in carbon dioxide-free waterR
containing 0.3 yfL of sodium octanesulfonate R, 20 gIL of
anhydrous sodium rolfate Rl, 20 mUL of tetrahydrofuran Rand
50 mIlL of 0.2 M potassium dihydrogen phosphare R, adjusted
to pH 3.0 with. 22.5 gIL solution of phosphoric add R;
degas.
Flowrate 1.0 mUmin.

Post-column solution Mixture of I volume of carbonate-fru
sodium hydroxide sOlution R and 24 volumes of previously
degassed carbon dioxide-free waterR, which is added pulse-free
to the column effluent using a 375 JIL polymeric mixing coil.
Flow rate of post-eolumn solution 0.3 mUmin.

Deuaion Pulsed amperometric detector or equivalent witha
gold indicator electrode, a silver-silver chloride reference
electrode and a stainless steel auxiliary electrode which is the
cell body, held at respectively + 0.05 V detection, + 0.75 V
oxidation and - 0.15 V reduction potentials, with pulse
durations accordingto the instrument used.
lnjeclitm 20 f.1l.. of me test solution and reference
solutions (d) and (e).

Run time 3 times the retention time of netilmicin.
Identification of impun"ties Use the chromatogram obtained
with reference solution (d) to identify thepeaksdue to
impurities A and B; use the chromatogram supplied with

.netilmicin for peak identification CRS and the chromatogram
obtained with reference solution (e) to identify the peaksdue
to impurities E and F.
Relative retention With reference to netilmicin (retention
time =about 16 min): impurity B =about 0.4;
impurity A = about 0.7; impurity E = about 1.9;
impurity F = about 2.1.

Systemroitabilily Reference solution (d):
- resolution: minimum 10.0 between thepeaksdue to

impurities B and A; minimum 6.0 between the peaksdue
to impurity A and netilmicin; ifnecessary, adjust the '
concentration of sodium oetanesulfonate in the mobile
phase.

Calculation of percentage contents:
- for impurities A and BJ use the concentration of each

impurity in reference solution (d);
- for impurities other thanA and BJ use the concentration

of netilmicinsulfate in reference solution (d).
Limits:
- ;mpun'lies A, B, E, F: for each impurity, maximum

1.0 per cent;

**** ** ** ****

56391-57-2

2

1442

Netilmicin Sulphate

(ph. Bur. monograph 1351)

Netilmicin Sulfate

Action and use
Aminoglycoside antibacterial.

DEFINITION
Bis[2-deoxy-6-0-[3-deoxy-4-C-methyl-3-(methylamino)-p-L­
arabinopyranosylj-4-0-(2,6-diamino-2,3,4.6-tetradeoxy-«-o­
g!Yaro-hex-4-enopyranosyi)-I-N-ethyl-o-streptamine)
pentasulfate.

Substance obtained by synthesis from sisomicin.
Semi-synthetic productderived from a fermentation product.

Content
95.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white, veryhygroscopic powder.

Solubility
Verysoluble in water, practically insoluble in acetone and in
ethanol (96 per cent).

IDENTIFICATION
A. Examine the chromatograms obtained in the test for
related substances.
Results The principal peakin the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).
B. It gives reaction (a) of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.80 g in carbon dioxide-free waler R and dilute to
20.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and its absorbance (2.2.25) at
400 urn is not greater than 0.08.

pH (2.2.3)
3.5 to 5.5 for solution S.

Related substances
Liquid chromatography (2.2.29). Peiform weighing steps as
quicklY aspo,sible and immediately afteropening the sample
container:
Testsolution Dissolve 50.0 mg of the substance to be
examined in the mobile phaseand dilute to 25.0 mL with
the mobile phase.

Reference solution (aJ Dissolve the contentsof a vial of
netilmicin mIfatefor LC assayCRS in the mobile phase and
dilute to 50.0 mL with the mobile phase.
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- a1tV other impuruy: for each impurity, maximum
0.3 per cent;

- total: maximum 3.0 per cent;
- reporting threshold: 0.1 per cent.

Sulfate
31.5 per cent to 35.0 per cent (dried substance).

Dissolve 0.12 g in 100 mL of waterR and adjustthe solution
to pH II using concenlTated ammonia R. Add 30.0 mL of
0.1 M barium chloride and about 0.5 mg of phthalein purple R.
Titrate with 0.1 M sodium edetate adding 50 mL of ethanol
(96 per cenV R when the colour of the solution begins to
changeand continue the titration until theviolet-blue colour
disappears.

I mL of 0.1 M bariumchloride is equivalent to 9.606 mg of
S04'
Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 0.500 g by drying at
110°C under high vacuum for 3 h.

Sulfated ash (2.4.14)
Maximum 1.0 per cent, determined on 0.5 g.

ASSAY
Liquid chromatography (2.2.29). Perform weighing steps as
quicklY as possible and immediately afteropening the sampk
container.
Test solutUm Dissolve25.0 mg of the substance to he
examined in the mobile phase and dilute to 50.0 mL with
the mobilephase.
Reference-solution Dissolve the contents of a vialof neli/mid"
sulfatefor LC assayCRS in the mobile phase and dilute to
50.0 mL with the mobile phase.

Column:
- size: 1:= 0.25 m, 0 = 4.6 mm;
- stationary phase: octad«y/silyl silica gelfor chromatography R

(5 11m);
- temperature: 50 "C.

Mobile phase Solution in carbon dioxide-free waterR
containing 0.15 gIL of sodium ocwnesulfonate R, 20 gIL of
anhydrous sodium sulfate RI, 20 mIJL of 2-methyl-2­
propanol Rand 50 mIJL of 0.2 M potassium dihydrogen
phosphate R, adjusted to pH 3.0 with dilute phosphoric acid R;
degas.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 205 nm.

Injection I 0 ~.
Run time 1.3 times the retention time of netilmicin.
Retention time Netilmicin = about 4 min.
Calculate the percentage content OfC42H92NI0034S5 taking
into account the assigned contentof netilmicin sulfate for LC
assay CRS.

STORAGE
In an airtight container, protected from light. H the substance
is sterile, the container is also sterile and tamper-evident.

IMPURITIES
Specified impun'ties A, B, E, F.
Otherdetectable impurities (the following subswnces would, if
present at a sufficient level, be detected by one or other 0/the tests
in the monograph. They a.. limitedby the general acceptance
aiteiion for olher/unspecified impurities. It is there/ore not
neassary EO identify these impurities for demonstration of
compliance. See also5.10. Control of impurities in substances for
phannaceutical use) C, D.

Netilmicin Sulfate 11-387

HO~HN... CH3

H'NtxH'C~O..NH,o OH

f HO-- -,

NH,
NH2 0

A. 2-deoxy-4-D-[3-deoxy-4-C-methyl-3-(methylamino)-/l-L­
arabinopyranosyl]-6-0-(2,6-diamino-2,3,4J6-teuadeoxy-a­
o-g(ycero-hex-4-enopyranosyl)-L-streptamine (sisomicin),

B. 2-deoxy-6-D-[3-deoxy-4-C-methyl-3-(methylamino)-/l-L­
arabinopyranosyl]-I-N-ethyl-O-streptamine (l-N­
ethylgaramine),

C. 4-D-[6-amino-2,3,4,6-tetradeoxy-2-(ethylamino)-«-o­
glYcero-hex-4-enopyranosyl]-2-deoxy-6-D-[3-deoxy-4-C­
methyl-3-(methylamino)-/l-L-arabinopyranosyl)-I-N-ethyl­
n-strepramine (2'-N-ethylnetilmicin),

D.4-D-[2-amino-2,3,4,6-tetradeoxy-6-(ethylamino)-a-o­
g(ycero-hex-4-enopyranosyl]-2-deoxy-6-D-[3-deoxy-4-C­
methyl-3-(methylamino)-/l-L-arabinopyranosyl]-I-N-ethyl­
o-streptamine (6'-N-ethylnetilmicin),

E. unknown structure,
F. unknownstructure.
____________________ ""EII
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11-388 Nevirapine 2022

phosphate R, previously adjusted [Q pH 5.0 using dilutesodium
hydroxide solution R.
Flowrate 1.0 mUmin.

Detection Spectrophotometer at 220 run.
Injection 50 J.lL of test solution (a) and reference
solutions (a) and (b).

Runtime 10 times me retention time of nevirapine.
l<kntificarion of impurities Use the chromatogram supplied
with nevirapine for peak identification CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peaks due to impurities A, Band C.

Relative retention Wilh reference to nevirapine (retention
time = about 8 min): impurity B = 0.7; impurity A = 1.5;
impurity C = 2.8.

Systemsuitability Reference solution (b):
- resolution: minimum 5 between the peaks due to

impurity Band nevirapine.
Limits:
- impurities A, B, C: for each impurity, not more than twice

the area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.2 per cent);

- unspecified impun"ties: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.1 per cent);

- total: not more than 6 times the area of the principal peak
in the chromatogram obtainedwithreference solution (a)
(0.6 per cent);

- disregard limit: 0.5 times the areaof the principal peakin
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.14}
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection 25 1'1. of lest solution (b) and reference
solution (c).

Calculate the percentage content of CLsH14N40 from me
declared content of anhydrous nevirapine CRS.

IMPURITIES
Specified impurities A, B, C.

A. II-ethyl-4-methyl-5,II-dihydro-6H-dipyrido[3,2-b:2',3'-e]
[1,4]diazepin-6-one,

B. 4-methyl-5,ll-dihydro-6H-dipyrido[3,2-b:2',3'-e] [1,4]
diazepin-6-one,

12961841J-2266.3

Anhydrous Nevirapine
(Ph. Eur. monograph 2255)

Action and use
Non-nucleoside reverse transcriptase inhibitor; antiviral
(HIV).

PhE" _

DEFINITION
II-Cyclopropyl-4-methyl-5,II-dihydro-6H-dipyrido [3,2­
b:2',3'-e][I,4]diazepin-6-one.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solublllty
Practically insoluble in water, sparingly soluble or slightly
soluble in methylenechloride, slightly soluble inmethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24}.

Comparison anhydrous nevirapine CRS.
B. Loss on drying (see Tests).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution (aJ Dissolve 24.0 mg of the substance to be
examined in a mixture of 4 mL of acetonitrlle Rand 80 mL of
the mobile phase and sonicateuntil dissolution is complete.
Dilute to 100.0 mL with the mobile phase.

Test solution (b) Dilute 3.0 mL of test solution (a) to
25.0 mL with the mobile phase.

Reference solution (a) Dilute 1.0 mLoftest solution (a) to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 50.0 mL with the mobile phase.

Reference solutum (b) Add 2.0 mL of the mobile phase to a
vial of nevirapine for pedk identification CRS (containing
Impurities A, B and C)J mix and sonicate for 1 min.
Reference solution (c) Dissolve 24.0 mg of anhydrous
nevirapine CRS in a mixture of 4 mL of aceumitrile R and
80 mL of the mobile phase andsonicateuntil complete
dissolution. Dilute to 100.0 mL with the mobile phase.
Dilute 3.0 mL of this solution to 25.0 mL with the mobile
phase.
Column:
- size: 1= 0.15 m, (£) = 4.6 mm;
- suuionary phase: end-eapped amitkJhexa<kcy/si1y1 silica gelfor

chromatography R (5 ~);
- temperature: 35 "C.

Mobile phase Mix 20 volumes of ace..nitrile Rand
80 volumes of a 2.88 gIL solution of ammonium dihydrogen

Nevirapine
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2022 Nevirapine Hemihydrate 11-389

C. 4-methyl-II-propyl-5,II-dihydro-6H-dipyrido[3,2-b:2',3'­
e][1,4]diazepin-6-one.

____________________ PIIE/¥

- stationary phase: end-capped octadecylsi/yl silica gelfor
chromatography compatible with 100 percentaqueous mobile
phases R (1.8 urn),

- tempemture: 40 "C.
Mobile phase:
- mobile phase A: dissolve 0.77 g of ammonium acetate R in

900 mL of water for chromatography R, adjust to pH 5.6
with acetic acidR and dilute to 1000 mLwith waltrfor
chromatography R;

- mobile phase B: acetonitrile R;

Nevirapine Hemihydrate
(Ph. Eur. monograph 2479)

**** ** ** ****

Time Moblle phase A MobUe phase B
(min) (per cent 11m (per cent VIJI)

0- 1.35 90 10
1.35 - 3.85 90 ..... 67 10 ..... 33

3.85 - 6.70 67 ..... 60 33 ..... 40
6.70-7.65 60 40

PIIE/¥ ~ _

Acdon and use
Non-nucleoside reverse transcriptase inhibitor; antiviral
(HIV).

DEFINTI10N
II-Cyclopropyl-4-methyl-5,II-dibydro-6H-dipyrido[3,2­
b:2',3'-e)[I,4]diazepin-6-one hemihydrate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhitepowder.

SolublIlty
Practically insoluble in water, slightly soluble in methanol
and in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison neoirapine hemihydrote CRS.
B. Water (see Tests).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test so/mum Dissolve 20.0.mg of the substance to be
examined in methanol R-and sonicate until dissolution is
complete. Dilute to 50.0 mL with methanol R.
Reference solut;"n (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methaml R.
Reference solution (b) Add I mL of methanol R to a vial of
nevirapinefor peak identification CRS (containing
impurities A, B and C), mix and sonicate for 1 min.
Reference solulion (c) Dissolve 20.0 mg of anhydrous
nevirapine CRS in methanol R and sonicate until dissolutionis
complete. Dilute to 50.0 mL with methanol R.
Column:
- size: 1= 50 mm, 0 = 2.1 mm;

Flow rate 0.7 mUmin.

Detection Spectrophotometer at 282 nm.

Injection 2.0,..L of the (est solution and reference
solutions (a) and (b).

JdentificatUltI of impuniies Use the chromatogram supplied
with nevirapine for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaksdue to impurities A, Band C.
Relative retention With reference to nevirapine (retention
time = about 3 min): impurity B = about 0.9;
impurity A =about 1.2; impurity C =about 1.3.
Systemsuitability:
- resolution: minimum 5.0 between the peaksdue to

impurity Band neviraplne andminimum 5.0 between the
peaks due to nevirapine and impurity A in the
chromatogram obtained withreference solution(b);

- symmetry factor: maximum 1.7 for the peakdue to
nevirapine in the chromatogram obtained with reference
solution (a).

Calculation af percentage <oncen":
- for each impurity, use the concentration of nevirapine

hemihydrate in reference solution (a).
Limits:
- impuruies A, B, C: for each impurity, maximum

0.2 per.cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 percent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
3.1 per cent to 3.9 percent, determined on 0.300 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g..

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances withthe following modification.
Injection 2.0 J.1L of the test solutionand reference
solution (c).

Calculate the percentage contentof C15Hl~49 taking into
account the assigned contentof anhydrous nevirapine CRS.

IMPURITIES
Specified impuniUs A, B, C.

Otherdetectable impurities (thefollowing substances uould, if
present at a sufft;ient level, be detected by oneor other of the tests

22098&-26-1275.3
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11-390 Nicardipine Hydrochloride 2022

DEFINITION
2-[Benzyl(methyl)amino)ethyl methyl (4RS)-2,6-dimethyl-4­
(3-nitrophenyl) -I ,4-dihydropyridine-3,5-dicarboxylate
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Pale yellowor pale greenish-yellow, crystalline powder.

Solubility
Slightly soluble in water, soluble in methanol, sparingly
soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison nicardipine Iryd",chk>ride CRS.
If the spectra obtained in the solidstateshow differences,
dissolve the substance to be examined and the reference
substance separately in theminimwn volwne of mahanol R,
evaporate to dryness andrecord. new spectra using the
residues.
B. Dissolve 30 mg in 10 mL of waterR andshake vigorously.
The solutiongivesreaction (a) of chlorides (2.3. J).

TESTS
Related substances
Liquid chromatography (1.2.29). Cany 0Ul the leS' proceaed
from light.
Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to

50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobile phase.

Reference ,olution (b) Dissolve 4 mg of nicardipine for sy,tem
,uitabilityCRS (containing impurities A, B and C) in 2 mL
of the mobile phase.

Column:
- size: 1= 0.15 ID, 0 = 4.6 mm;
- ,tationary phase: end-capped ocuulecylriIYI silica gelfor

chromacography R (5 ~m);

- temperature: 30°C.

Mobile phase Mix 35 volumes of acetonitrile Rand
65 volumes of a 1.5 gIL solution ofperchloric acidR.
Flow rate 1.5 mllmin.

Detection Spectrophotometer at 254 run.
Injection 10 f1L.
Runtime _A_times. the retention time.of nicardlpine; _

Identification of impun·ties Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A, Band C.
Relativeretention With reference to nicardipine (retention
time = about 8 min): impurity B = about 0.5;
impurity A =about 0.8; impurity C =about 2.1.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity A andnicardipine.
Calculation of percentage conten<r:
- for each impurity, use the concentration of nicardipine

hydrochloride in reference solution (a).

PhE" _

•••• •• •
-*~***

54527-84-3

• Hel

516.0

in the monograph. They arelimuedby thegeneral aaeptance
cruerion for other/unspecified impurities and/or by thegeneral
monograph Sub5lances for pharmaceutical use (2034). It is
therefore notnecessary tQ identify these impuriues for
demonstration of compliance. See also5.10. Contrd of itt/pun"ties
in substances for pharmaceutical use) D.

A. II-ethyl-4-methyl-5,II-dihydro-6H-dipyrido[3,2-b:2',3'-e]
[1,4]diazepin-6-one,

B. 4-methyl-5, ll-<lihydro-6H-dipyrido[3,2-b:2',3'-e][I ,4)
diazepin-6-one,

C. 4-methyl-II-propyl-5, ll-dihydro-6H-dipyrido[3,2-b:2',3'­
e)[l,4)diazepin-6-one,

D. II, II '-dicyclopropyl-4,4'-dimethyl-5,5',11,11'-tetrehydro­
6H,6'H-9,9'-bidipyrido[3,2-b:2',3'-e][1,4]diazepine-6,6'­
dione.

(ph. Eur. monogrdph 2776)

____________________ PhE"

Nicardipine Hydrochloride

Action and use
Calcium channel blocker.
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2784U4-6484.4

(ph. Eur. monograph /998)

Action and use
Ergot derivative.

DEFINITION
[(6aR,9R,1 OaS)-1Oa-Methoxy-4,7-dimethyl-
4,6 ,6a, 7,8,9,I0, IOa-octahydroindolo[4,3-fg] quinolin-9-yl]
methyl 5-bromopyridine-3-carboxylate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Fine to granular, white or yellowish powder.
Solubl1lty
Practically insoluble in water, freely soluble in methylene
chloride, soluble in ethanol (96 per cent).
II shows polymorphism (5.9).

IDENTIFICATION
FirstUkntijicaden: A, C.
Second identificaden: A, B, D.
A. Specific optical rotation (2.2.7): + 4.8 to + 5.8
(anhydrous substance).

Dissolve 0.50 g in ethanol (96 perceo!! R and dilute to
10.0 mL with the same solvent.
B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg in ethanol (96 perceo!! Rand
dilute to 100.0 mL with the same solvent. Dilute 5.0 mL of
the solution 10 50.0 mL with ethanol (96 per cen!! R.
Spectral range 220-350 nm.

Absorption maximum At 288 nm.

Absorption minimum At 251 nm.

Specific ab,orbance at the absorption maximum 175 to 185
(anhydrous substance).

C. Infrared absorption spectrophotometry (2.2.24).

Comparison nicergo/ine CRS.
H the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in ethanol (96 per cent) R, evaporate to dryness and
record new spectra using the residues.
D. Dissolve 2 mg in 2 mL of sulfuric acid R. A blue colour
develops.

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
intensity 5 of the range of reference solutions of the most
appropriate colour (2.2.2, Method II).

PhEw _

Nicergoline

H?c2
C

I ~ CH,
H3CO OCH3

o '" 01--- ------
# NO,

Limits:
- impurity B: maximum 0.5 per cent,
- impurities A, c: for each impurity) maximum

0.15 per cent;
- unspecified impurities: for each impurity) maximum

0.10 per cent;
- total: maximwn 1.0 per cent;
- reponing threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 2 h.

Sulfated ash (2.4./4)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 mL of ethanol (96 percen!! R. Titrate
with 0.1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.211).

1 mL of O. / M sodium hydroxide is equivalent 10 51.60 mg of
C2oH,oCIN,O•.

STORAGE
In an airtightcontainer, protected from light.

IMPURITIES
Specified impuri"" A, B, C.

A. 2-[bemyl(methyl)amino)ethyl methyl 2,6-dimethyl-4-(3­
nitrophenyl)pyridine-3,5-<1icarboxylale,

B. bis[2-[bemyl(methyl)amino]ethyl] 2,6-dimethyl-4-(3­
nitrophenyl) -I ,4-<1ihydropyridine-3,5-<1icarboxylale.

C. dimethyI2,6-dimethyl-4-(3-nitrophenyl)-1,4­
dlhydropyridine-L'f-dicarboxylate.

___________________ PhEw

www.webofpharma.com



11-392 Nicergoline

Dissolve 0.5 g in ethanol (96 percent) R and dilute to 10 mL
with the sante solvent.

Related substances
Liquid chromatography (1.1.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in acetonitrile R and dilute to 50.0 mL with the
same solvent.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 rnL with aceumiuile R. Dilute 2.0 rnL of this solution
to 10.0 mL with acetonitrile R.
Referenee solution (b) Dissolve 2 mg of nieetgoline for system
SuiUlbUity CRS (containing impurities AJ B, C, D, F and H)
in aceconitrile R and dilute to 2 mL with the same solvent.
Reference solution (c) Dissolve 5.0 mg of "iurgoline
impurity D CRS in acetonitrile R and dilute to 100.0 rnL with
the same solvent.Dilute 2.0 mL of the solution to 50.0 mL
with acetonitrile R.
Reference solution (d) Dissolve the contentsof a vial of
nieetgolinefor peak identijicationCRS (containing impurity I)
in 1 mL of acetommle R.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped ethylene-bridged oaade<y/si/y/

sUita gel for chromatography (hybrid material) R (3.5 um);
- temperature: 40 "C.

MobUe phase:
- solution A: dissolve 34.02 g of potassium dihydrogen

phosphate R in 930 rnL of water for chromatography Rand
dilute to 1000 rnL with waterfor chromatography R (bulfer
solution); dissolve 21.2l g of tetrabutylammonium hydrogen
sulfate R in 225 rnL of the buffer solution and dilute to
250.0 rnL with the same solution; adjust tc pH 7.5 with a
300 gIL solution of potassium hydroxide R;

- mobue phase A: mix 2.0 rnL of solution A with 300 rnL of
aeetonitrile Rand 700 rnL of water for chromatography R;

- mobile phase B: mix 2.0 rnL of solution A with 300 mL of
waterfor chromatography Rand 700 mL of aeetonitrile R;

Time MobUe phase A MobUe phase B
(min) (per cent VIP) (per cent VJ1I)

0-3 '00 0

3 - 30 100 ---> 70 o ---> 30

30- 40 70 ---> 0 30 -> 100

40- 50 0 100

2022

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and nicergoline.
Calculation ofpercentage cements:
- for impurity DJ use the concentration of impurity D in

reference solution (c);
- for impurities other than DJ use the concentration of

nicergoline in reference solution(a).
Limits:
- impurity B: maximum 0.8 per cent;
- ;mpun"ty A: maximum 0.5 per cent;
- impun"lY H: maximwn 0.3 per cent,
- impun'ties CJ D, F, I: for each impurity, maximum

0.2 pee cent;
- unspecified impun'ties: foreach impurity, maximum

0.10 per cent;
- total: maximum 1.2 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.32)
Maximum 0.5 per cent, determined on 0.100 g.

Sulfated ash (2.4.14)
Maximum0.1 per cent, detenninedon 1.0 g.

ASSAY
Dissolve 0.400 g in 50 rnL of aeewne R. Titrate with 0.1 M
perchknic acid, determining the end-pointpotentiometrically
(2.2.20). Titrateto the I" point ofinftexion.
1 rnL of 0.1 M perchlorU: acid is equivalent to 48.44 mg of
C2.H2J!rN,O, .
IMPURITIES
Specified impun"ties A, BJ C, D, FJ H, I.
Otherdetectable impurities (thefollowing substances wauId, if
present at a sufficient l",eI, bedetected by one orother of the tests
in the monograph. They are limited by thegeneral a«<ptane<
criterion for other/unspecified impuri'ies and/or by thegeneral
monograph Substaneesfor phannaeeutical use (2034). I, is
therefore not necessary UJ identify these impun'ties for
demonstration of compliance. See also 5.I O. Control of impurities
in substances for pharmaceutical use) E, G,J.

A. [(6aR,9R,1 08S)-1 Oa-methoxy-4, 7-dimethyl-
4,6,6a,7,8,9, I 0,1Oa-oetahydroindolo[4,3-fg] quinolin-9-yl]
methyI5-chloropyridine-3-carboxylate (chIoronicergoIine),

B. [(6aR,9R,1 OaS)-1Da-methoxy-J-methyl-
4,6,6a,7,8,9,10, IOa-oetahydroindolo[4,3jgJquinolin-9-yl]
methyI5-bromopyridine-3-carboxylate
(l-desmethylnicergoIine),

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 288 om.

lniection 10 fIL.
Identification of irnpUl"itres Use the chromatogram supplied
withnicergoline for system suitability CRS and the
chromatogram obtained with reFerence solution (6) ·t~o;-------­
identify the peaksdue to impurities AJ B, C, F and H; use
the chromatogram obtained with reference solution (c) to
identify the peak due to impurity D; use the chromatogram
obtained with reference solution (d) to identify the peak due
to impurity I.
Relative retention Wilh reference to nicergoUne (retention
time = about 34 min): impurity 0 = about 0.06;
impurity C = about 0.1; impurity B = about 0.6;
impurity H =about 0.8; impurity A =about 0.96;
impurity F = about 1.1; impurity 1 = about 1.2.

H?H, lS"'___ : N -",

HN H

~.. /O AN

lOCH,

""'" 0
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c. [(6aR,9R, IOaS)-1Oa-methoxy-4,7-dimethyl-
4,6,6a, 7,8,9,10,I Oa-oetahydroindolo[4,3-fg]quinolin-9-yl]
methanol,

D. 5-bromopyridine-3-carboxytic acid,

E. [(6aR,9R, I OaS)-1Oa-hydroxy-4,7-dimethyl-
4,6,6a,7,8,9, 10,I Oa-oetahydroindolo[4,3-fg]quinolin-9-yl]
methyl 5-bromopyridine-3-carboxylate,

H 9
H

, yC)"': N ~

H'C-N~"HO· I h N

locH,
-<' 0

Niclosamide 11-393

I. [(6aR,6a'R,9R,9'R,IOaS,1Oa'S)-9'-[[[(5-bromopyridin-3­
yl)carbonyl]oxy]methyl]-lOa, lOa' -dimethoxy-7,7'­
dimethyl-4',6',63,6a'J7J7',8,8',9,9/J 10,10', lOa,lOa'­
letradecahydro-6H-4,5 t -biindolo[4,3-fg]quinoline-9-yIJ
methyl 5-bromopyridine-a-carboxylate,

J. [(6aR,6a'R,9R,9'R,lOaS,lOa'S)-9'-[[[(5-bromopyridin-3­
yl)carbonyl]oxyJmethyl]-1Oa,lOa' -dimethoxy-4',7,7'­
trimethyl-4',6' ,6a,6a',7,7',8,8',9,9',10,10',1Oa, lOa'­
tetradecahydro-6H-4,5 '-biindolo[4,3-fg]quinoline-9-yl]
methyl 5-bromopyridine-3-carboxylate.

____________________ POE<I

Niclosamide
Anhydrous Nidosamide
(Ph. Eur. monograph 0679)

F. [(6aR,9S,IOaS)-IOa-methoxy-4,7-dimethyl-
4,6,6a, 7,8,9, I0, 1Oa-oetahydroindolo[4,3-fg] quinolin-9-yl]
methyl 5-bromopyridine-3-carboxylale (isonicergoline),

G. [(6aR,9R, IOaR)-4,7-dimethyl-4,6,6a,7,8,9, I 0,1Oa­
oetahydroindolo[4,3-jg]quinolin-9-yl]methyl
5-bromopyridine-3-carboxylate,

Cllf'yNo,c,'«O~
I ~

'" OH

327.1

**** ** ****.*

50-65--7

H. [(6aR,9R,IOaS)-IOa-methoxy-4-methyl-
4, 6,6a, 7,8,9,10,I Oa-octahydroindolo[4,3-fg]quinolin-9-yl)
methyl 5-bromopyridine-3-carboxylate
(6-desmethylnicergoline),

Acdon and use
Anthelminthic.

Preparation
-- - Niclosamide Tablets· -- -

POE" _

DEFINITION
5-Chloro-N-(2-chloro-4-nitrophenyl)-2-hydroxybenzamide.

Content
98.0 per cent to 101.0 per cent (dried substance),

CHARACTERS
Appearance
Yellowish-white or yellowish, fine crystals.

Solubility
Practically insoluble in water, sparingly soluble in acetone,
slightly soluble in anhydrous ethanol.
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PhE<I _

__________________ PhE<I

DEFINITION
5-Chloro-N-(2-chloro-4-nitrophenyl)-2-hydroxybenzamide
monohydrate.

2-Chlorn-4-nltroaniline
Maximum 100 ppm.

Test solution To 0.250 g add 5 mL of mnhand R, heat to
boiling, cool, add 45 mL of 1 M hydrochlom acid, heat again
to boiling) cool, filter and dilute the filtrate to 50.0 mL with
1 M hydrochlori< acid.
Reference solution Dissolve 50 mg of 2-chloro-4-niaoaniline R
in methanol R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 100.0 mL with methanol R.
Dilute 2.0 mL of this solution to 20.0 mL with 1 M
hydrochloric acid.
To 10.0 mL of the test solution and to 10.0 mL of the
reference solution add separately 0.5 mL of a 5 gIL solution
of sodium nitrite R and allow to stand for3 min. Add 1 mL of
a 20 gIL solution of ammonium ndfomate R, shake, allowto
stand for 3 min and add I mL of a 5 gIL solution of
naphthylethylenediamine dihydrochloride R. Any pinkish-violet
colour in me test solution is not more intense than mat in
the reference solution.

**** ** ** ****

H,O

(ph. Bur. monograph 0680)

a~yf~:aN~
U Oft

Chlorides (2.4.4)
Maximum 500 ppm.

To 2 g add a mixrure of 1.2 mL of acetic acidR and 40 mL
of waterR, boil for 2 min, cool and filler. Dilute 2 mL of the
filtrate to 15 mL with waterR.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.3000 g in 80 mL of a mixture of equal volumes of
acetone Rand methanol R. Titratewith 0.1 M
tetrabutylammonium hydroxide, determining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M tetrabutylammonium hydroxide is equivalent
to 32.71 mg of C"H.Cl,N,O,.

STORAGE
In an airtight container, protected from light.

C"H.CI,N,O"H,O 345.1

Niclosamide Monohydrate

Action and use
Anthelminthic.

Preparadon
Niclosamide Tablets

IDENTIFICATION
First idmtification: B, E.
Second identification: A, C, D, E.

A. Melting point (2.2.14): 227 'C '0 232 'c.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs prepared using about 0.5 mg of substance
and 0.3 g of potassium bromide R.
Comporison anhydrous nidosamide CRS.
C. To 50 mg add 5 mL of 1 M hydrochlori< acid and 0.1 g of
zinc powderR, heat in a water-bath for 10 min, cool and
filter. To the filtrate add I mL of a 5 gIL solution of sodium
nitrite R and allow to stand for3 min; add2 mL of a 20 gjL
solution of ammonium sulfamate R, shake, allow to stand for
3 min and add 2 mL of a 5 gIL solution of
naphthylethylenediamine dihydrochloride R. A violet colour is
produced.
D. Heat the substance on a copper wire ina non-luminous
flame.The flame becomesgreen.
E. Loss on drying (see Tests).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50 mg of the substance to be
examined in methanol R, heating gently, cool and dilute to
50.0 mL with the same solvent.
Reference solutUm Dilute 1.0 mLof the test solution to
100.0 mL with acetonilrile R. Dilute 1.0 mL of this solution
to 20.0 mL with aceronitn"le R.

Column:
- size: 1= 0.125 m, 0 = 4 mm;
- stationary phase: octade<ylsilyl silica gelfor chromawgraphy R

(5 1"").
Mobile phase Mixtureof equalvolumesof aceumitrile R and
a solution containing 2 gIL of potassium dihydrogen
phosphate R, I gIL of disodium hydrogen phosphate
dodecahydrate R and 2 gIL of tetrabulylammonium hydrogen
sulfate R.
Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 230 run.
Injection 20 J1L.
Run time Twice the retention time of nic1osamide.
Limits:
- total: not more than 4 times the area of the principal peak

in the chromatogram obtained with the reference solution
(0.2 per cent);

- disregard limit: 0.1 times the area of theprincipal peak in
the chromatogram obtained with the reference solution
(0.005 per cent).

.. S-Chiorosalicylic acid
Maximum 60 ppm.

Test solution To 1.0 g add 15 mL of water R, boil for 2 min,
cool, filter through a membrane filter (nominal pore size
0.45 1""), wash the filter and dilute the combined filtrate and
washings to 20.0 mL with waterR.
Reference solution Dissolve 30 mg of 5-<hlorosalicyli< acid R in
20 mL of methanol Rand dilute to 100.0 mL with waterR.
Dilute 1.0 mL of this solution to 100.0 mL with waterR.

To 10.0 mL of the test solution and to 10.0 mL of the
reference solution add separately 0.1 mL of ferric chloride
solution R2. Any violet colour in the test solutionis not more
intense than that in the reference solution.
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Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Yellowish, fine crystals.

Solubility
Practically insoluble in water, sparingly soluble in acetone,
slightly soluble in anhydrous ethanol.

IDENTIFICATION
First identificau"on: B, E.
Second identification: A.. C, D, E.
A. Melting point (2.2.14): 227 "C to 232 "C, determined
after drying at 100-105 "C for 4 h.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Dry the substance (0 be examined at
100-105 °C for 4 h and examine as discs prepared using
about 0.5 mg of substance and 0.3 g of potassium bromide R.
Comparison anhydrous nidosamide CRS.
C. To 50 mg add 5 mL of 1 M hydrochlori;; acid and 0.1 g of
zinc powderR, heat in a water-bam for 10 min, cool and
filter. To the filtrate add I mL of a 5 gil solution of sodium
nitrite R and allow to stand for 3 min; add 2 mL of a 20 gIL
solutionof ammonium suljamate R, shake,allow to stand for
3 min and add 2 mL of a 5 gil solution of
naph,hylethylenediamine dihydroch/mide R. A violet colous is
produced.

D. Heat the substance on a copperwire in a non-lwninous
flame. The flame becomes green.
E. Loss on drying (see Tests).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solulion Dissolve 50 mg of the substance to be
examinedin methanol R, heatinggently,cool and dilute to
50.0 mL with the same solvent.
Reference sduuon Dilute 1.0 mL of the test solution to
100.0 mL with aatonitrile R. Dilute 1.0 mL of this solution
to 20.0 mL with atelOnitrile R.

Column:
- size: 1= 0.125 m, 0 = 4 nun;
- stationary phose: ""'aduylsily/ silica gelfor chromolOgraphy R

(5 urn).

Mobile phase Mixture of equal volwnes of acelOm·trile R and
a solution containing2 gIL of potassium dihydrogen
phosphau R, I gil of disodium hydrogen phosphate
dodecahydrau R and 2 gil of teuabutylammonium hydrogen
sulfate R.
Flow rau 1.0 mUmin.

- Detection --Spectrophotometer at 230 .nm.

Injection 20 IJL.
Run lime Twice the retention time of niclosamide.
Limits:
- total: not more than 4 times the area of the principal peak

in the chromatogram obtained with me reference solution
(0.2 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with the reference solution
(0.005 per cent).

5-Chlorosalicylic acid
Maximum 60 ppm.

Niclosamide Monohydrate 11-395

Test so/urion To 1.0 g add 15 mL of waterR, boil for 2 min,
cool, filler through a membrane filter (nominal poresize
0.45 um), wash me filterand dilute the combined filtrate and
washings to 20.0 mL with water R.
Reference so/mum Dissolve 30 mg of 5-chlorosalicylk acidR in
20 mL of methanol R and dilute to 100.0 mL with waterR.
Dilute 1.0 mL of this solution to 100.0 mL with waur R.
To 10.0 mL of the testsolution and to 10.0 mL of the
reference solution add separately 0.1 mL of feme chloride
solution R2. Any violet colour produced in the test solution is
not more intense than that in the reference solution.

2-Chloro-4-rtltroanlline
Maximum 100 ppm.

Test ,oIution To 0.250 g add 5 mL of methanol R. heat to
boiling, cool, add 45 mL of 1 M hydrochloric acid,heat again
to boiUng, cool, filter and dilute the filtrate to 50.0 mL with
1 M hydrochloric acid.
Reference solution Dissolve 50 mg of 2-ehloro-4-nitroaniline R
in methanol R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 100.0 mL with methanol R.
Dilute 2.0 mL of this solution to 20.0 mL with 1 M
hydrochlori< arid.
To 10.0 mL of the test solution and to 10.0 mL of the
reference solution add separately 0.5 mL of a 5 gIL solution
of 'odium nitrite R and allow to stand for 3 min. Add I mL of
a 20 gILsolution of ammonium sulfamate R, shake,allow to
stand for 3 min and add 1 mL of a 5 gIL solution of
naphthylethylenediamine dihydrochloride R. Any pinkish-violet
colourproduced in the test solutionis not more intense than
that in the reference solution.

Chlorides (2.4.4)
Maximum 500 ppm.

To 2 g add a mixture of 1.2 mL of a«tic acid R and 40 mL
of water R, boll for 2 min, cool and lilter. Dilute 2 mL of the
filtrate to 15 mL with water R.

Loss on drying (2.2.32)
4.5 per cent to 6.0 per cent, determined on 1.000 g by
drying in an oven at 105 "C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve0.3000 g in 80 mL of a mixture of equal volumes of
acetone R and methanol R. Titrate with 0.1 M
tetrabutylammonium hydroxide, determining the end-point
potentiometrically (2. 2.21J).

1 mL of 0.1 M tetrabutylammoniurn hydroxide is equivalent
to 32.71 mg ofC13H aCI2N 20 •.

STORAGE
Protected from light.
____________-'- -'- PIIE"
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PhE<I ~__

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A.
Relativeretention With reference to nicorandil (retention
time =about 19 min): impurity A =about 0.9.
Systemsuitability Reference solution (a):
- resolution: minimum2.5 between the peaksdue to

impurity A and nicorandil.
Calculation of percentage contents:
- for each impurity, use the concentration of nicorandil in

reference solution (b).

Limits:
- unspecified impwities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Sulfates (2.4.13)
Maximum 100 ppm.

Dissolve 5.000 g in 30 mL of ethanol (50 per cent V/I-? R,
add I mL of dilute hydrod"ori< acid R and dilute to 50.0 mL
with distilled waterR.

Water (2.5.32)
Maximum 0.5 per cent.
Dissolve 0.300 g in a suitable solventand dilute [Q 1.0 mL
with the same solvent. Inject0.400 mL of the solution
through the septum.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchloric acid, deterntining the end-point
potentiometrically (2.2.2U).

I mL of 0.1 M perchloric acid is equivalent to 21.12 mg of
C.HoN,O•.

STORAGE
At a temperature of 2 °C to 8 °G.

IMPURITIES
Otherdetectable impurities (the fOllowing sub,tances would, if
present at a sufficient tt'lJeJ~ be detected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/ar by thegeneral
munograph Substances far pharmaceutical use (2034). It is
therefore not necessary UJ identify these impuniUs for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C~ D.

(I H

~N~OH
o

A. 2-[(Pyridin-4-ylcarbonyl)amino)ethyl nitrate,

B. N-(2-hydroxyethyl)pyridine-3-carboxamide,

**** ** *<,»

65I41-46-0211.2

(ph. Eur. monograph 2312)

Nicorandil

Action and use
Potassium channelopener.

Preparation
Niccrandil Tablets

DEFINITION
2-[(Pyridin-3-ylcarbonyl)amino)ethyl nitrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Sparingly soluble in water, freely soluble in anhydrous
ethanol, practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison niaJrandii CRS.

TESTS
pH (2.2.3)
5.5 to 7.0.

Dissolve 0.25 g in carbon dioxide-free water R and dilute to
25 mLwith the same solvent.

Related substances
Liquid chromatography (2.2.29). Inpare thesolutions
immediately before use.
Test solution Dissolve 50 mg of the substance to be
examined in the mobile phase and diluteto 25.0 mL with
the mobilephase.
Referena solution (a) Dissolve 2 mg of nkorandil
impun"Ly A CRS in the mobile phase usingsonication and
dilute to 25.0 mL with the mobile phase. Dilute 1.0 mL of
the solution to 20.0 mLwith the test solution.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mID;
- stationary phase: end-capped octadecylsiiyl silica gelfor

chromatography compatible with 100 per cent aqueous mobile
phases R (5 urn).

Mobile phase mfluoroacetu; acidR, methylamine R,
tetrahydrofuran R, waterR (3:5: 10:982 VIVIV/JI).
Ffqw rate 1.0 m1Jrnin.
Detection Spectrophotometer at 254 run.
Injection 10 ~L.

Run time 1.5 times the retention time of nicorandil.

www.webofpharma.com



2022 Nicotinamide II-397

C. 2-aminoethyl pyridine-3-carboxylate,

Mobile phase waterR, ethanol (96 percen!! R, methylene
chloride R (4:45:48 VIVI~.

Apphca,ion 5 ~L.

Development Over 213 of the plate.

Drying In air.
Deuaion Examine in ultraviolet light at 254 nm.
Results The principal spot in the chromatogram obtained
with the test solutionis similar in positionand size to the
spot in the chromatogram obtained with the reference
solution.

PhE" _

D. 3-(4,5-dihydro-l,3-oxazol-2-yl)pyridine.

2

2 ---i' 100

MobUe phase B
(per cent Vm

9.
98 ..... 0

MobUe phase A
(per cent VIJI)

0-2

2 - 16

Twe
(min>

Flowrate 1.0 mlJmin.

Detection Spectrophotometer at 264 nm.
lnjectlmi- -20 ~L.

Identification of impuniies Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity D.

Relativeretention Wilh reference to nicotinamide (retention
time = about 7 min): impurity D = about 0.9.

Sysum mitability Reference solution (b):
- resolution: minimum 2.0 between the peaksdue to

impuriry D and nicotinamide.
Calculation of percenlage con,..ts:
- for each impurity, use the concentration of nicotinamide

in reference solution (a).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free wtUer R and dilute to
50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) andnot more intensely coloured
thanreference solution BY7 (2.2.2) .Method II).

pH (2.2.3)
6.0 to 7.5 forsolutionS.

Related substances
Liquid chromatography (2.2.29).

Testso/mum Dissolve 0.150 g of the substance to be
examined in mobile phase A and dilute to 150.0 mL with
mobile phase A.
Reference solution (a) Dilute 1.0 mLof the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL withmobilephaseA.

Reference solution (b) Dissolve 5 mg of isonicotinamide R
(impurity D) in the test solution and dilute to 100.0 mL with
the test solution. Dilute 1.0 mL of this solution '0 25.0 mL
withthe test solution.
Column:
- size: 1= 0.15 m, ({) = 4.6 mm;
- 'lationaryphase: base-deactitxued end-capped octadecylsily/

,uicagelfor chromarography R (3 um).

Mobue phase:
- mobue phase A: mix 5.0 mL of duuu acetic acidRand

900 mL of waterfor chromatography R, then add 30 mL of
dilute ammonia Rl and 15 mL of acelOnim"le R; dilute to
1 L with waterfor chromatography R;

- mobue phase B: aatonitrile R, mobile phase A (50:50 VII');

98-92-0122.1

Action and use
Component of vitamin B.

Preparations
NicotinamideTablets
Vitamins Band C Injection

o

d'NH'
(Ph. Eur. monograph 0047)

Nicotinamide

DEFINITION
Pyridine-3-carboxamide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white) crystalline powder or colourless
crystals.
Solubility
Freely soluble in water and in anhydrous ethanol, slightly
soluble in methylene chloride.

IDENTIFICATION
First identification: B.
Second identification: A, C.
A. Melting p.oint(2.2.I4): 128"C to 13J "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison nicotinamide CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to he examined
in a mixture of equal volumes of ethanol (96 percen!! Rand
water R and dilute to 5.0 mL withthe same mixture of
solvents.
Reference solution Dissolve 5 mg of nicotinamide CRS in a
mixture of equal volumes of ethanol (96 percen,) Rand
waterR and dilute to 5.0 mL with the same mixture of
solvents.
PIau TLC silica gelF254 plateR.

____________________ PhE"
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PhE" ~ ~ _

54-11-5

**** ** ** ****

162.2

Action and use
Aid to smoking cessation.

Preparations
Nicotine Inhalation Cartridges
Nicotine Nasal Spray
Nicotine Sublingual Tablets

Nicotine Transdermal Patches

(Ph. Eur. monograph 1452)

Nicotine

DEI'INITION
3-[(2S) -1-Methylpyrrolldin-2-yljpyridine.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Colourless or brownish viscous liquid,volatile, hygroscopic.

Solubility
Soluble in water, miscible with anhydrous ethanol.

IDENTIl'lCATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of nirorine.

TESTS
Appearance of solution
Dissolve 1.0 g in waterR and dilute to 10 mL with the same
solvent.The solution is clear (2.2.J) and not more intensely
colouredthanreference solution Y5, BY5 or Rs (2.2.2.)
Melhod 11).

Specific optical rotation (2.2.7)
-140 to -152.

Dissolve 1.00 g in anhydrous ethanolR and dilute to 50.0 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution Dissolve 20.0 mg of the substance to be
examined in waterR and dilute to 25.0 mL with the same
solvent.
Reference solution (a) Dissolve the contentsof a vialof
nkotine forsystem suitabili{V CRS (containing impurities A, B,
C, D, E, F and G) in 1.0 mL of water R.
Reference solution (b) Dilute 1.0 mL of the test solution to
10.0 mL with waterR. Dilute 1.0 mL of this solution to
100.0 mL with waterR.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stalionary phase: end-<apped polar-embedded octade<y/silyl

amorphous organofilial polymer R (5 um).

MoMe phase:
- moMephase A: to 900 mL of water R, add 25 mL of a

60 gIL solution of acetic acid R, then add 6 mL of

a CO,H
N I
""-

a CN
N I-..

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
VlUUO for 18 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perch/on', add, determining the end-point
potentiometrically (2.2.2(/).

I mL of 0.1 M perrhloric acid is equivalent to 12.21 mg of
C.H,N20.

IMPURITIES
Otherdetectable impurities (thefoUowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for otherlunspedfied impurities and/or by the general
monograph Substances for pharmaautica/use (2034). It is
therefore notnecessary to identify these impun"ties flJT
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, B, C, D, E.

A. pyridine-3-carboxyllc acid (nicotinic acid),

B. pyridine-3-carbonitrile,

C. pyridine-2-carboxamide (picoUnamide),

D. pyridine-4-carboxamide (isonicotinamide),

E. pyridine-3-carboxamide r-eside (nicotinamide N-oxide).
_________~ PhE"
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concentrated ammonia RI. Adjust to pH 10.0 with dilute
ammonia R2 or dilute acetic acid R and dilute to 1000 mL
with waterRj

- mobile phase B: acetonitrile R;

N,v

I N
I
CH,

Time MobIle phase A MoblJe phase B
(min) (per cent VIII) (per cent VIP)

0-3 100 0

3 - 3.01 100 --> 95 0_'

3.01 ·28 95 --> 74 5 --> 26

28 - 32 74 ---> 60 26 ...... 40

B. 3-(I-methyl-IH-pyrrol-2-yl)pytidine (~-nicotytine),

C. (5S)-I-methyl-5-(pyridin-3-yl)pyrrolidin-2-one (cotinine),

G. 3-[(2S)-pipetidin-2-yl)pyridine (anabasine).

6019-06-3498.4

~
H OH ]

Ho,cXyCo,H .

H OH 2

Action and use
Aid to smoking cessation.

(ph. EUT. monograph 2599)

Nicotine Ditartrate Dihydrate

_~ PhE"

OH.y and eoenerat N"
I \

, 0 CH3

O
Hy

~I

F. 3-[(2S)-pyrrolidin-2-yl]pyridine (nomicotine),

O
H£}
I H

~

E. (IRS,2S)-I-methyl-2-(pyridin-3-yl)pyrrolidine I-oxide
(nicotine N'-oxide),

D. 3-(4,5-dihYdro-3H-pyrrol-2-yl)pytidine (myosmine),

FlowTate 1.0 mIJmin.

Detection Spectrophotometer at 254 nm.
Injection 20 IlL.
Identification of impurities Use the chromatogram supplied
with nicotine forsystem suitability CRS and the chromatogram
obtained with reference solution (a) (Q identify the peaks due
to impurities A, BJ C) DJ EJ F and G.
Relative retention With reference to nicotine (retention
time = about 17.8 min): impurity E = about 0.3;
impurity C = about 0.55; impurity F = about 0.7;
impurity A -= about 0.8; impurity D ;;;;: about 0.86;
inopurity.G =about 0.9; impurity B =about 1.6.

Systemsriilllbility Reference solution (a):
- resolution: minimum 25 between the peaksdue to

impurityG and nicotine.

Limits:
- impun"ties AJ BJ CJ D, EJ F, G: for each impurity, not

more than3 times the area of the principal peak in the
chromatogram obtained withreference solution (b)
(0.3 per cent);

- unspedfied impun"tks: for eachimpurity, not more than the
area of the principal peakin the chromatogram obtained
withreference solution (b) (0.10 percent);

- total: not more than 8 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.8 per cent);

- disregard lim;l: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.00 g.

ASSAY
Dissolve 60.0 mg in 30 rnL of anhydrous acetic acidR. Titrate
with 0.1 M petchloric acid determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchWric acid is equivalent to 8.11 mg of
ClOH,J'z.

STORAGE
Undernitrogen, in an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

O
HD
I H

~

A. (2S)-1 ,2,3,6-tetrabydro-2,3'-bipytidyl (anatabine),

PhE" _

DEFINITION
3- [(2S)-I-Methylpyrrolidin-2-yl]pyridine bis [(2R,3R)c2,3­
dihydroxybutanedioate] dihydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost whitepowder.
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Solubility
Soluble in water and in ethanol (96 per cent),

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nicotine diumrau dihydrate CRS.

TESTS
pH (2.2.3)
3.0 to 3.4.

Dissolve 1.0 g in carbon dioxide-free warer R and dilute to
10 mL with the same solvent.

Specific optical rotadon (2.2.7)
+ 21.0 to + 23.0.

Dissolve 0.25 g in waterR and dilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare rhe'olutions
immediately before use.
Testsolution Dissolve 60 mg of tht substance to he
examined in water R and dilute to 25.0 mL with the same
solvent.
Reference solution (a) Dissolve the contents of a vialof
nicotine for system suiuzbllity CRS (containing impurities A, B,
C, D, E, F and G) in 1.0 mL of waterR.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with water R. Dilute 1.0 mLof this solution to

10.0 mL with waterR.
Column:
- size: 1= 0.15 m, 0 = 4.6 nun;
- stationary phase: end-eapPed poIar-embuUkdoclad~l

amorphous organomita polymer R (5 Ill')'

Mobik phase:
- mobile phase A: to 900 mL of waterR add 25 mL of a

60 gIL solution of acetic acidR and 6 mL of concemraud
ammonia Rt, adjust to pH 10.0 with dilure ammonia R2 or
d,7ute acetic acidR and dilute to 1000.0 mL with waterR;

- mobile phase B: acetonitrile R;

Time Mobile phase A MobUe phase B
(min) (per cent VII') (per cent I'm
0-3 100 0

3·3.01 100 --> 95 0~5

3.01 - 28 95 ...... 74 5 -> 26

28 - 32 74->60 26 --> 40

Flow rare 1.0 mIJrnin.
Detection Spectrophotometer at 254 run.
Injulian 20 pL.

Identification of impurities Use the chromatogram supplied
with nicotine for system suitability CRS and the chromatogram
obtained with reference solution (a) to identify the peaksdue
to impurities A, B, C, D, E, F and G.
Relative retention Withreference to nicotine (retention
time = about 17.8 min): impurity E :;;; about 0.3;
impurity C = about 0.55; impurity F = about 0.7;
impurity A = about 0.8; impurity D = about 0.86;
impurity G =about 0.9; impurity B =about 1.6.

System suitabl1t"ty Reference solution (a):
- resolution: minimum 2.5 between the peaksdue to

impurity G andnicotine.
Limits:
- impurities A, B, C, D, E, F, G: for each impurity, not

more than 3 times the area of the principal peak in the

2022

chromatogram obtainedwithreference solution (b)
(0.3 per cent);

- unspecified impun·lie.s: for each impurity, nor: more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent),

- total: nor: more than 8 times the area of the principal peak
in the chromatogram obtained. with reference solution (b)
(0.8 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained. with reference solution (b)
(0.05 per cent).

Water (2.5.12)
6.5 per cent to 8.0 per cent, determined on 0.100 g.

Sulfated ash (2.4. 14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.180 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric add, determining the end-point
potentiometrically (2.2.20).

I rnL of 0.1 M perchloric acid is equivalent to 23.12 mg of
C1aH,.N,O".

STORAGE
Protected from light.

IMPURITIES
Spedfied impuniies A, B, C, D, E, F, G.

A. (2S)-1,2,3,6-tettahydro-2,3'-bipyridyl (anatabine),

B. 3-(I-methyl-IH-pyrrol-2-yl)pyridine (Il-nicotyrine),

C. (5S)-I-methyl-5-(pyridin-3-yl)pyrrolidin-2-one (cotinlne),

D. 3-(4,5-dibydro-3H-pyrrol-2-yl)pyridine (myosmine),

OHI£') and epimerat N"
1\

~ 0 CH3

E. (IRS,2S)-I-methyl-2-(pyridin-3-yl)pyrrolidine j -oxide
(nicotine N'-oxide),

F. 3-[(2S)-pyrrolidin-2-yljpyridine (nomicotine),

www.webofpharma.com



2022 Nicotine Resinate 11-401

G. 3-[(2S)-piperidin-2-yl]pyridine (anabasine).
_____________________ PhE<I

323
C

m

20 x 10' X (A'59 - O.5A". - O.5A 2S, )

323xCxm

specificabsorbance ornicotine at 259 nm;
percentage of nicotine in the substance to be
examined determined in the assay;
massof the substanceto be examined, in
milligrams;
abscebancesof me solution at the wavelength
indicated by the subscript.

Nicotine Resinate
(ph. Eur. monograph 1792)

96055-45-7

Action and use
Aid to smokingcessation.

Preparation
Nicotine Resinare Medicated Chewing Gum

PIIE<I _

DEFINlTION
Complex of nicotine (3-[(2S)-I-methylpyrrolidin-2­
yl]pyridine) with a weakcationic exchange resin.

Content
95.0 per cent to 115.0 per cent of the declared content of
nicotine (CIOH,.N,) stated on the label (dried substance).

It may contain glycerol.

CHARACTERS
Appearance
White or slightly yellowish powder, hygroscopic.

Solubility
Practically insoluble in water.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Shake a quantity of the substance to be
examined equivalent to 100 mg of nicotine with a mixture of
10 mL of dUute ammonia R2, 10 mL of waterR, 5 mL of
strong sodium hydroxide solution Rand 20 mL of hexane R for
5 min. Transfer the upperlayer to a beaker and evaporate to
produce an oily residue. Record the spectrum of theoily
residue as a thin film between sodium chloride R plates.

Comparison Ph. Bur. reference spectrum of nicotine.

B. Nicotine release (see Tests).

TESTS
Nicotine release
M.inimum 70 per cent of the content determined under
Assay in 10 min.
Transfer an accurately weighed quantity of the substance to
be examined) equivalent to about 4 mg of nicotine) to a
glass-stoppered test-tube, add 10.0 mL of a 9 gIL solution of
sodium chloride R previously heated to 37 °C and shake
vigorously for 10 min. Immediately filter the liquid through a
dryfilterpaperdiscarding the Isr millilitre of filtrate. Transfer
1.0 ml, of me filtrate to a 20 mL volumetric flask) dilute to
20 mL with 0.1 M hydrochloric acidand mix. Detemtine the
absorbance (2.2.25) at the minima at about 236 run and
282 nm and at the maximum at 259 nm using 1.0 mL of a
9 gIL solution of sodium chloride R diluted to 20 mL with
0.1 M hydrochloric add as compensation liquid.

Calculate the percentage of nicotine release using the
following expression:

Related substances
Liquid chromatography (2.2.29). Prepare the soltuions
immediately be/ore use.
Test solution Weigh a quantity of the substance to be
examined) equivalent to 30.0 mg of nicotine) into a glass­
stoppered test-tube) add 10.0 mL of diluu ammonia R2 and
shakevigorously for J0 min. Centrifuge for 20 min at about
3000 r/min. To 5.0 mL of the clear solution, add 5 mL of a
60 gIL solution of acetic add R and dilute £0 25.0 mL with
waterR.
Reference solution (a) Dissolve the contents of a vial of
nicotine for system suitability CRS (containing impurities A) B)
C, D, E, F and G) in 1.0 mL of waterR.

Reference solution (b) Dilute 1.0 mL of the test solution to
10.0 mL with waterR. Dilute 1.0 mL of this solution to
100.0 mL with water R.

Reference solution (l) Dissolve 46.0 mg of nicotine
diumrate CRS in waterR and dilute to 25.0 mL with the
same solvent.
Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: end;;apped po/ar-embedded octa~/si/y/

amorphous organosi/ka polymer R (5 I'm).

Mobilephase:
- mobil< phase A: to 900 mL of waterR, add 25 mL of a

60 gIL solution of acetic add R, then add 6 mL of
concentrated ammonia Rl; adjust to pH 10.0 with dilute
ammonia R2 or dilute acetic aridR and dilute to 1 L with
water R;

- mobile phaseB: acetonitrile R;

Time Mobile pbase A MobIle pbase B
(mln) (per cent VIP) (per cent VIP)

0-3 100 0

3 - 3.01 100 ...... 95 o~ 5

3.01 ·28 95 ...... 74 5 ...... 26

28 - 32 74 ...... 60 26 --I 40

Flow rate 1.0 mUmin.

Daeaion Spectrophotometer at 254 nm.
lnjection 20 fIL.
kientificadon of impurities Use the chromatogram supplied
with nicotine for system suitab'ility CRS and the chromatogram
obtainedwith reference solution (a) to identify the peaksdue
to impurities A) B) C) D) E) F and G.
Relative retention With reference to nicotine (retention
time =about 18 min): impurity E =about 0.3;
impurity C = about0.55j impurity F = about 0.7;
impurity A =about 0.8; impurity D =about 0.86;
impurity G =about 0.9; impurity B =about 1.6.

System suitability Reference solution (a):
- resolution: minimwn 2.5 betweenthe peaks due to

impurity G and nicotine.
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F. 3-[(2S)-pyrrolidin-2-yl]pyrldine (nomicotine),

59-67-6

a Co,H
N I
""

CoH,NO, 123.1

Action and use
Component of vitamin B.

Preparation
Nicotinic Acid Tablets

o·y
____________________ ""£01

G. 3-[(2S)-piperidin-2-yl]pyridine (anabasine).

DEFINITION
Pyridlne-B-carboxylic acid.

Content
99.5 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water, soluble in boilingwater and in
boiling ethanol (96 per cent). It dissolves in dilute solutions
of alkali hydroxides and carbonates.

IDENTIFICATION
First idenlifitatitm: A, B.
Second identification: A, C.
A. Meiring point (2.2.1'f): 234 °C to 240 °C.

B. Infrared absorption spectrophotometry (2.2.2'f).

Compariscn nicotinic add CRS.
C. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Solvetlt mixture Dissolve 6.8 g of potassium dihydrogen
plw,phateR in 900 mL of water R, adjust to pH 7.0 with
dllute sodium hydroxide solution R and dilute to 1000 mL with
water R.
Test solution Dissolve 50 mg in the solventmixture and
dilute to 100.0 mL with the solvent mixture. Dilute 1.0 mL
of the solution to 25.0 mL with the solventmixture.
Spectral range 237-262 om.

Absorption maximum At 262 nm.

Absorption minimum At 237 om.

Absorbance ratio A237/A262 = 0.46 to 0.50.

Nicotinic Acid

""£01 _

(ph. Bur. monograph 0459)

o·y

STORAGE
In an airtight container, protected fromlight.

LABELLING
The labelstates the content of nicotine.

O~·9 ande..me,at N'

~ 0 CH3

N~UN

Limits:
- impurities A, B, C, D, E, FJ G: for each impurity, not

more than 3 times the area of the principal peakin the
chromatogram obtainedwith reference solution (b)
(0.3 per cent);

- unspecified impurities: for each impurity, not morethanthe
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- row!: not more than 8 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.8 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 7.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 2 h.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injectimr Test solution and reference solution (e).
Calculate the percentage content of nicotine (C1oHl..N'2)
taking into account the assigned content of CloHI~2 in
nicotine ditartrate CRS.

IMPURITIES
Specified impuniits A, B, C, D, E, F, G.

A. (2S)-1,2,3,6-tetrahydro-2,3'-bipyrldine (anatabine),

B. 3-(I-methyl-IH-pyrrol-2-yl)pyridine (p-niootyrine),

C. (5S)-I'l"ethyl-5-(pyrldin-3-yl)pyrrolidin-2-one (cotinine),

D.3-(4,5-dihydro-3H-pyrrol-2-yl)pyrldine (myosmine),

E. (IRS,2S)-I-methyl-2-(pyrldin-3-yl)pyrrolidine l-oxide
(nicotine N-oxide),
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TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.120 g of the substance to be
examined in 200 ~L of dilute ammonia Rl and dilute to
10.0 mL with mobile phase A.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solution (b) Dissolve the contents of a vial of
nicotinic acid impun"ty mixture CRS (impurities A and B) in
1.0 mL of mobile phase A.
Golum,.,:
- size: / =: 0.25 rn, 0 =: 4.6 mm;
- stationary phase: end-capped o<tad«y/silyl silica gelfor

chromatography compatible Wlih 100PI!/' cent aqueous mobile
phases R (4 um);

- temperature: 15°C.
Mobile phase:
- mobile phaseA: dilute 2 mL of acetic acidR in 950 mL of

waterfor chromatography R, adjust to pH 5.6 with dilute
ammonia Rl and dilute to 1000 mL with waterfor
chromatography R;

- mobile phaseB: acetonitrile R. methanol R (50:50 VII');

Tim. Mobile phase A MobUe phase B
(min) (per cent VIJI) (pet' cent VIJ?
0-10 100 0
10 - 30 100..... 20 O--J8D

30 - 35- ao 80

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 250 om.

Inj«lion IO~.

ldentificatian of impurities Use the chromatogram supplied
with nkotinic acid impun"ty mixture CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and B.

Relative retention With reference (Q nicotinic acid (retention
time =about 6 min): impurity A =about 2.7;
impurity B = about 2.8.

System suitability Reference solution (b):
- resolution: minimwn 1.5 between the peaks due to

impurities A and B.
Limits:
- unspecified impurities:- for each impurity, not more than

0.5 times the area of the principal peakin the
chromatogram obtained withreference solution (a)
(0.05 per cent);

- total: not more than 0.5 times the area of the principal
peak in the chromatogram obtained withreference
solution (a) (0.05 per cent);

- disregard limit. 0.3 times the area of the principal peak in
me chromatogram obtainedwith reference solution (a)
(0.03 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 g in waterR, heatingon a water-bath, and
dilute to 15 mL with the same solvent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 1 h.

Nicotinic Acid II-403

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of watl!/' R. Add 0.25 mL of
phenolphthalein solution R. Titrate with 0.1 M sodium hydroxide
until a pink colouris obtained. Carry out a blanktitration.
I mL of 0.1 M sodium hydroxide is equivalent '0 12.31 mg of
C"H,N02 •

STORAGE
Protected from light.

IMPURITIES
Other detectable impurities (Ihefollowing substances would, if
present at a suffident level, bedeteaedby oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun"ties for
demonstration of compliance. Seealso 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D, E, F, G,
H,1.

A. 6-methylpyridine-3-carboxylic acid (6-methylnicotinic
acid),

dY
Co,H

N I
'" ~

I N
H~C &

B. 2,2' -bipyridine-5,5'-dicarboxyJic acid (6,6'-dinicotinic
acid),

C. 5-ethyl-2-methylpyridine,

D. pyridine-2,5-dicarboxylic acid,

~"'iJ
~Co,H

E. pyridine-4-carboxylic acid (isonicotinic acid),

Y
Co,H

N I
~

NO,

F. 5-nitropyridine-3-carboxylic acid (5-nitronicotinic acid),

o~I
G. pyridine,
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PhE" _

(ph. Bur. m(mograph 0627)

Test sohuion Dissolve 10 mg of the substance to be
examinedin methanol R and dilute to 10 mL with the same
solvent.
Reference solution Dissolve 10 mg of nifedipine CRS in
methanol R and dilute to 10 mL with me same solvent.
Plate TLC silica gelF", plate R.
Mobile phase ethylacetate R, cydoltexane R (40:60 VIV).

Applicalion 5 ~L.

Developmem Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254-nm.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position,appearance at
254 nm and size to the principal spot in the chromatogram
obtainedwith the reference solution.
D. To 25 mg in a test tube, add 10 mL of a mixture of
1.5 volwnes of hydrodlloric add R, 3.5 volumes of waterR
and 5 volumes of akoholR and dissolve withgentle heating.
Add 0.5 g of zincR in granules and allow to standfor 5 min
with occasional swirling. Filter into a second test tube, add
5 mL of a 10 gIL solution of sodium nun'te R to the filtrate
and allow to standfor 2 min. Add 2 mL of a 50 gIL solution
of ammonium sul/amate R, shake vigorously with careand add
2 mL of a 5 gIL solution of naphthylethylenediamine
dihydrochloride R. Anintensered colourdevelopswhich
persists for not less than 5 min.

TESTS
Impurity D and other basic impurities
Transfer 4 g to a 250 mL conicalllask and dissolve in
160 mL of glacial acetic acidR using an ultrasonic bath.
Titrate with 0.1 M perchlori< add using 0.25 mL of
naphtholbenzein solution R as indicator until the colour
changes from brownish-yellow to green. Not more than
0.48 mL of 0.1 M perchlori< acid is required (0.14 per cent).

Related substances
Liquid chromatography (2.2.29).
Test solution Dissolve 0.200 g of the substance to be
examined in 20 mL of methanol R and dilute to 50.0 mL
with the mobile phase.
Reference solUlion (a) Dissolve 10 mg of nifedipine
impuniy A CRS in methanol R and dilute to 25.0 mL with the
same solvent.
Reference solution (b) Dissolve 10 mg of nifedipine
impurity B CRS in meehanol R and dilute to 25.0 mL with the
same solvent.
Reference solutian (c) Mix 1.0 mL of reference solution (a),
1.0 mL of reference solution (b) and 0.1 mL of the test
solution and dilute to 20.0 mL with the mobilephase. Dilute
2.0 mL of this solution to 10.0 mL with the mobile phase.

CoI~mn:

- s;ze: 1= 0.15 rn, 0 = 4.6 mm,
- stationary phase: ocuu1<e>/si1y1 silica gelfor chromatography R

(5 urn).

Mobile phase acetonitrile R, methanol R, waterR
(9:36:55 VIVIV).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 235 nm.

Injection 20 ~L; inject the test solution and reference
solution (c).

Run time Twice the retention timeof nifedipine.
Elution order Impurity A, impurity B, nifedipine.

21829-25-4346.3

Action and use
Calciwn channel blocker.

Preparations
Nifedipine Capsules

Nifedipine Oral Suspension
Nifedipine Prolonged-release Capsules
Nifedipine Prolonged-release Tablets

°

a NO,

N I
~

H,C

H. 3-nitropyridine,

Nifedipine

____________________ PhE"

I. 3,5-dinitropyridine.

H,CO

DEFINITION
DimethyI2,6-dimethyl-4-(2-nitrophenyl)-1,4­
dihydropyridine-3,5-dicarboxylate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
PracticaUy insoluble in water, freely soluble in acetone,
sparingly soluble in ethanol.

When exposed to daylight and to anificiallight of certain
wavelengths, it readily converts to a nitrosophenylpyridine
derivative. Exposure to ultraviolet light leads to the formation
of a nitrophenylpyridine derivative.
Prepare so/ucUms immediauly before use in thedark or under long»
wavelength light (> 420 nm) and protec: themfrom fighe

IDENTIFICATION
First identification: B.

Second idenrificaticn: A" C, D.
A. Melting point (2.2.1f): 171 ·C to 175 ·C.

B. Infrared absorption spectrophotometry (2.2.2f).

Comparison nifedipine CRS.
C. Thin-layer chromatography (2.2.27).
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4394-(J().7282.2

F,CYIl
~

N NHex'"d' C~H

(Ph. Eur. manograph 2115)

D. methyl 3-aminobut-2-enoate.

Niflumic Acid

DEFINITION
2-[[3-(frilluoromethyl)phenyl]amino)pyridine-3-carboxylic
acid.
Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Pale yellow, crystalline powder.

Solubility
Practically insoluble in water) freely soluble in acetone,
soluble in ethanol (96 per cent) and in methanol.

mp
About 204 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nijlumic acidCRS.

TESTS
Impurity C
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.50 g of thesubstance to he
examined in 5 mL of methanol R and dilute to 10.0 mL with
the same solvent.
Reference solution Dissolve 25 mg of 3-lnfluoromethylaniline R
(impurity C) in 20 mL of methanol R and dilute to 100 mL
with the same solvent. Dilute 1.0 mL of this solution to
100 mL with methanol R.
Plate TLC silica gelF254 plate R.

Mobile phase acetic acid R, ethyl""""te R, toluene R
(5:25:90 VIVIV).

Application 10 ~L.

Development Over 3/4 of the plate.

Drying In air, unrit the solvents have evaporated,

Detection Spray with 4-dimethylamirnxinnamaJdehyik
solution R and heat at 60 "C for 10 min.
Limit:
- impuniy C: any spot due to impurity C is not more

intense than the principal spot In the chromatogram
obtainedwith the reference solution (50 ppm).

""E<I _

H2N yCH3

yOCHJ

o

----------- ""E<I

H,CO

Retention time Nifedipine=about 15.5 min.
System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaksdue to

impurity A and impurity B and minimum 1.5 between the
peaksdue to impurity B and nifedipine.

Limits:
- impurity A: not more than the area of the corresponding

peak ln. the chromatogram obtained with reference
solution (c) (0.1 per cent),

- impuniyB: not more thari the area of the corresponding
peak in the chromatogram obtained with reference
solution (c) (0.1 per cent),

- any other impurity: not more than the area of the peak due
to nifedipine in the chromatogram obtained with reference
solution (c) (0.1 per cent),

- total: not more man 0.3 per cent,
- disregard limit: 0.1 times the area of the peak due to

nifedipine in the chromatogram obtained with reference
solution (c) (0.01 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.1300 g in a mixture of 25 mL of 2-melhyl-2­
propanol Rand 25 mL of perchloric acidsolution R. Titrate
with 0.1 M cerium sulfate using 0.1 mL of/erwin R as
indicator, until thepink colour disappears. Titrate slowly
towards the end of the titration. Carry out a blank titration.
I mL of 0.1 M cerium sulfate is equivalent to 17.32 mg
of C17H,aN20•.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.J B, CJ D.

A. dimethyl 2,6-<1imethyl-4-(2-nitrophenyl)pyridine-3,5­
dicarboxylare (nitrophenylpyridine analogue),

B. dimethyl 2,6-dimethyl-4-(2-nitrosophenyl)pyridine-3,5­
dicarboxylate (nitrosophenylpyridine analogue),

C. methyl 2-(2-nitrobenzylidene)-3-oxobutanoate,
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Related substances
Liquid chromatography (2.2.29).

Testso/urum Dissolve 20.0 mg of the substance to be
examined in 10 mL of acetonitrile R and dilute to 20.0 mL
with water R.
Reference solution Dissolve 5.0 mg of nijlumic add
impurityA CRS, 5.0 mg of nillumic acid impurity B CRS and
6.0 mg of nillumic acid impurity E CRS in 20 mL of
acetonitrile R, add 5.0 mLof the test solution and dilute to
50.0 mL with waterR. Dilute 1.0 mL of this solution to
100.0 mL with a mixture of equal volumes of ",,«mi"';le R
and waterR.
Column:
- size: 1= 0.125 m, (2) =4.0 mm;
- sUJtiOllary phase: oaylsilyl silica gelfor chromatography R

(5 pm);
- temperature: 25 "C.

Mobile phase phosphoric acidR, atewnitrile R, water R
(2.5:500:500 VIVIJl).

Flow rate 1.0 rnIlmin.

Detection Spectrophotometer at 267 nm.

InjectiOll 10 111-
Run time 4 times the retention time of niftumic acid.
Relarivt retention With reference to niflumic acid (retention
time = about 5.5 min): impurity A = about 0.25;
impurity B = about 0.57; impurity E = about 0.64.

System suitability Reference solution:
- resolution: minimum 1.5 between the peaks due to

impurities B and E.
Limits:
- impun"ly B: not more than 4 times the area of the

corresponding peak in the chromatogram obtained with
the reference solution (0.4 per cent);

- impurity A: not more than the area of the corresponding
peak in the chromatogram obtained with the reference
solution (0.1 per cent);

- unspecified impurities: for each impurity, not more thanthe
area of the peak due to niflumic acid in the
chromatogram obtainedwith the reference solution
(0.10 per cent);

- sum of impurities otherthan B: not more than twice the
area of the peak due to niflumic acid in the
chromatogram obtained with the reference solution
(0.2 per cent);

- disregard limir. 0.5 times the area of the peakdue to
niflumicacid in the chromatogram obtained withthe
reference solution (0.05 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.5 g in a mixture of I mL of nim< acidRand
10 mL of methanol R, and dilute '0 20 mL with waterR.
To 10 mL of this solution add 5 mL of water R.

Phosphates (2.4.11)
Maximum 100 ppm.

Dilute 1.0 mL of the test solutionprepared as described in
general chapter 2.4.8 (method C) to 100 mL with waterR.

Loss on d1'ylng (2.2.32)
Maximum 0.3 per cent, determined on 2.000 g by drying in
an oven at 105 "C,

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g ina platinwn
crucible.

2022

ASSAY
Dissolve 0.200 g in a mixture of 10 mL of waterRand
40 mL of ethanol (96 peremV R. Titrate with 0.1 M sodium
hydroxide, determining the end-point potentiometrically
(2.2.20).
I mL of 0.1 M sodium hydroxide is equivalent to 28.22 mg of
C13HgF3N202.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impurities (thefollowing subsranetS would, if
presem at a sulfidem level, bedetected by OIIe or other of the tests
in the monograph. They 0 relimited by thegeneral acceptance
criterion for otherlunspecified impurities and/or by thegeneral
monograph Subsranas forpharmaautical use (2034). It is
therefore not n«mary to identify these impuniie.s for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) E, F.

A. 2-cWoropytidine-3-casboxylic acid,

N OH

~~y'yCF'
o V

B. 2-hydroxy-N-[3-(trifluoromethyl)phenyl)pytidine-3­
carboxamide,

F,Cyu

Y
NH,

C. 3-(trifluoromethyl)aniline,

E. 6-[[3-(trifluoromethyl)phenyl]amino]pytidine-3-carboxylic
acid,

F. methyl 2-[[3-(trifluoromethyl)phenyl]amino]pytidine-3­
carboxylate.

__________________~ "'Ell
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PhE" _

DEFINlTION
(E) -4-H ydroxy-N'-[(5-nitrofuran-2-yl)
methylidene)benzohydrazide.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Bright yellow, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nifuroxazide. CRS.

TESTS
Specific absorbance (2.2.25)
940 to 1000 at the absorption maximum at 367 om.
Protected from light, dissolve 10.0 mg in 10 mL of ethylene
g!Ycc1 monomahylether R and dilute to 100.0 mL with
methanol R. Dilute 5.0 mL of this solution to 100.0 mL with
methanol R.

Impurity A
Maximwn 0.05 per cent.

Testsolution (aJ Dissolve 1.0 g of the substance to be
examined in dimethyl sulfoxide R and dilute to 10.0 mL with
the same solvent.
Test tdution (b) To 5.5 mL of test solution (a) add
50.0 mL of water R while stirring. Allow to stand for 15 min
and filter.
Reference solution To 0.5 mL of test solution (a) add 5.0 mL
of a 50 mgIL solution of 4-hydroxybenmhydrazide R
(impurity A) in dimethyl sulfoxide R. Add 50.0 mL of water R
whilestirring. Allow to stand for 15 minand filter.
Add 0.5 mL ofphosphomolybdotungstic reagen, Rand IO.Q mL
of sodium carbonate-solution R separately to 10.0 mL of test
solution (b) and to 10.0 mL of the reference solution. Allow
to standfor I h. Examine the 2 solutions at 750 run.
The absorbance (2.2.25) of the solution obtained with test
solution (b) is not greater than that obtained with the
reference solution.

Related substances
Liquid chromatography (2.2.29). Use amber volrnnetncflasks,
unless otherwise specified.
Solventmix,ure acelOnitrile R, water R (40:60 VIV).

Test solution Dissolve 10.0 mg of the substance to be
examined in the solvent mixture, usingsonication for not

33

33 ..... 57

MobUe phose B
(per cent VIP)

67

67 ..... 43

MobUe phase A
(per cent YIP)

Time
(min)

o ~ 10

10 - 30

more than 5 min, and dilute to 100.0 mL with the solvent
mixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solventmixture. Dilute 1.0 mL of this
solution [0 10.0 mL with the solvent mixture.
Reference solution (b) In orderto prepare impurity E in situ,
dissolve 5 mg of the substance to be examinedin the solvent
mixture in a colourless volumetric flask, using sonication for
5 min, and dilute to 50 mL with the solvent mixture. Allow
to stand in ambient lightfor 1 h.
Reference soluticn (e) Dissolve 5.0 mg of methyl
parahydroxybenzoate CRS (impurity B) in the solvent mixture
and dilute to 100.0 m.Lwith the solvent mixture. Dilute
1.0 mL of this solutionto 100.0 mL with the solvent
mixture.
Column:
--'- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: spherical IXtadecylsilyl silica gelfor

ehromalOgraphy R (5 urn);
- temperature: 10°C.
MoMe phase:
- mobile phaseA: tetrahydrofuran R, waterR (5:95 VIII);
- mobile phase B: acetonitrile R;

Flawrate 1.0 mllmin.

Detection Spectrophotometer at 280 run.
/ni«ti<m 50 ~L.

Relativeretention With reference to nifuroxazide (retention
time = about 8 min): impurity A (keto-enol
tautomers) = about 0.36 and 0.39; impurity E = about 0.9;
impurity B =about 1.2; impurity C =about 2.6;
impurity 0 = about 3.4.

System suitability Reference solution (b):
- resolution: minimwn 2.0 between the peaksdue to

impurity E and nifuroxazide.
Limits: .
- impun'ty E: not more than 3 times the area of the principal

peak in the chromatogram obtainedwith reference
solution (a) (0.3 per cent);

- impun'ties B, C, D: for each impurity, not more than
0.6 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.3 per cent), and not more than I such peakhas an
area greater than 0.2 times the areaof the principal peak
in the chromatogram obtainedwith reference solution (c)
(0.1 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- sum of impun·ties other than E: not more than the area of
the principal peakin the chromatogram obtained with
reference solution (c) (0.5 per cent);

- disregard limit: 0.1 times the area of the principal peakin
the chromatogram obtainedwith reference solution (c)
(0.05 per cent); disregard the peaks due to impurity A.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

965-52-6275.2

(Ph. Eur. monograph 1999)

Action and use
Antibacterial.

Nifuroxazide
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59-26-7178.2

(Ph. Eur. monograph 0233)

Action and use
Central nervous system stimulant.

Nikethamide

I'I>E" _

DEFINITION
Nikethamide contains not less than 99.0 per cent andnot
more than the equivalent of 101.0 per cent of N,N­
diethylpyridine-3-carboxamide, calculated with reference to
the anhydrous substance.

CHARACTERS
An oily liquidor a crystalline mass,colourless or slightly
yellowish, miscible withwater and with alcohol.

IDENTIFlCATION
First identification: A, B.
Second idenn]ication: A, C, D.

A. Dissolve 0.15 g in 0.01 M hydrothlorn: acid and dilute to
100.0 mL with the sameacid. Dilute 1.0 mL of this solution
to 100.0 mL with 0.01 M hydrrxhlori< acid. Examined
between 230 run and 350 om (2.2.25) in a 2 em cell, the
solution shows a singleabsorption maximum, at 263 nm,
The specific absorbance at the maximum is about 285.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
nikelilOmide GRS.
C. Heat 0.1 g with I mL of dilu/< sodium hydroxide solution R.
Diethylamine is evolved progressively and is recognisable by
its characteristic odour and by its turning red htmuspaperR
blue.

D. Dilute I mL of solution S (see Tests) to 250 mL with
waterR. To 2 mL of this solution add 2 mL of cyanogen
bromide solution R. Add 3 mL of a 25 gIL solution of
aniline R and shake. A yellow colour develops.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-flu waterR and dilute to
10 mL with me samesolvent.

Appearance
The substance to be examined, in liquid form or liquefied by
Slight h..nng,riclear {2.H) ana not more intensely
coloured than reference solution Y, (2.2.2, MetlwdIf).

pH (2.2.3)
The pH of solution S is 6.0 to 7.8.

Refractive index (2.2.6)
1.524 to 1.526.

Related substances
Examine by thin-layer chromatography (2.2.27), using ,ilka
gel GFZ54 R as the coating substance.
Test solmUm Dissolve 0.4 g of the substance to be examined
in methanol R and dilute to 10 mLwith the samesolvent.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve0.200 g, with heating if necessary, in 30 mL of
dimerhylformamide R and add 20 mL of waterR. Titrate with
0.1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M sodium hydroxide is equivalent to 27.52 mg of
C12HgN30j.

STORAGE
Protected from light.

IMPURfTIES
Speafied impurities A, B, GJ D, E.

NoH
HzN"~~

a

A. 4-hydroxybenzohydrazide (p-hydroxybenzohydrazide),

B. methyl 4-hydroxybenzoate (methyl parahydroxybenzoate),

C. (5-nitrofuran-2-yl)methylidene diacetate,

D. (E,E)-N,N'-bis[(5-nitrofuran-2-yl)methylidene]hydrazine
(5-nitrofurfural azine),

E. (Z)-4-hydroxy-N'-[(5-nitrofuran-2-yl)
methylidene]benzohydrazide.

___________________ I'I>E,..
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2022 Nilotinib Hydrochloride Monohydrate 11-409

PhEIr _

____________________ PhE"

Action and use
Tyrosine kinase (BCR-ABL) inhibitor; treatment of chronic
myeloid. le':lkaemi~_

Time Mobile phase A Mobile phase B
(min) (per cent pm (per cent pm
0-2 85 15

2 - 10 85 ..... 80 .15 --0 20

10 - 12 80 -0 75 20 _ 25

12 - 18 75 --J 10 25 -i: 90

18 - 19 10 90

Solubility
Practically insoluble in water, slightly soluble in anhydrous
ethanol, very slightly soluble in heptane.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison "iJot;nib hydrochloride monohydrate CRS.
If the spectra obtained in the solidstateshow differences)
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.
B. II gives reaction (h) of chlorides (2.3.1).

C. Water (see Tests).

TESTS
Impurity A
Liquid chromatography (2.2.29). Cany out the test protected
from light.
Solvent mixture dimethyl sulfoxide R, water R (20:80 VII').

Test solution Dissolve 0.300 g of the substance to be
examined in 2 mL of dimethyl sulfoxide R, add 7 mL of
water R, allow to equilibrate at room temperature without
shaking to avoid foam formation, and then dilute to 10.0 mL
with water R. Shake well, allow the substance to be examined
to precipitate for about 2 h in the dark and filter the
supernatant through a 0.45 urn filter.

Reference solution (a) Dissolve 7.5 mg of nilotinib
impurity A CRS in dimethyl sulfoxide R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL of the
solution to 100.0 mL with dimethyl sulfoxide R. Dilute
2.0 mL of this solution to 10.0 mL with waterR.
Reference solurwn (b) Dissolve 7.5 mg of nilotinib
impurity B CRS and 7.5 mg of nilotinib impurity C CRS in
dimethyl sulfoxide R and dilute to 100.0 mL with the same
solvent. Dilute 1.0 mL of the solution to 100.0 mL with
dimethyl sulfOxide R. Dilute 2.0 mL of this solution to
10.0 mL with water R.
Reference solution (c) Dilute 2.0 mL of reference solution (h)
to 10.0 mL with the solventmixture.
Column:
- size: 1= 0.15 m, 0 = 3.0 mm;
- stationary phase: encapsulated poIar-embedded oaadecylsilyl

sili<a gelfor chromatography R (3 pm);
- temperature: 40°C.
Mab,7e phase:
- mobile phase A: 1.36 gIL solution ofpotassium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acid R;
- mobile phase B: mobilephaseA, acetonitrile Rl

(20:80 VII');

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 207 run.
Injection 20 ilL of the test solution and reference
solution (a).

**** ** ** ****

923288-90-8584.0

Nilotinib Hydrochloride
Monohydrate
(ph. Bur. monograph 2993)

C,.H"CIF,N,O,H,O

Reference solution (a) Dissolve 40 mg of
ethylnirotinamide CRS in methanol Rand dilute 10 100 mL
with the same solvent.
Reference solution (b) Dilute I mLof reference solution (a)
to 10 mL with methanol R.
Apply separately to the plate 10 ~L of each solution. Develop
over a path of 15 em using a mixture of 25 volumes of
propatwl Rand 75 volumes of chlorofonn R. Allow the plate to
dry in airand examine in ultraviolet light at 254 run. In the
chromatogram obtained with the test solution, any spot
corresponding to ethylnicotinamide is not more intensethan
the spot in the chromatogram obtained with reference
solution (a) (1.0 per cent) and any spot) apart from the
principal spot and the spot corresponding to
ethylnicotinamide, is not more intense man the spot in me
chromatogram obtained with reference solution (b)
(0.1 per cent).

Water (2.5.12)
Not more than 0.3 per cent, determined on 2.00 g by the
semi-micro detennination of water.

Sulfuted ash (2.4.14)
NO[more than0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in a mixture of 5 mL of acetic anhydride R
and 20 mL of anhydrous acetic add R. Titrate with 0.1 M
perchk»*acid) determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchlotic acid is equivalent to 17.82 mg of
C1oH14N,O.

DEFINlTION
4-Methyl-N-[3-(4-methyl-IH-imidazol-l-yl)-5­
(trilluoromethyl)phenyl]-3-[[4-(pyridin-3-yl)pyrimidin-2-yl]
amino]benzamide hydrochloride monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightly yellowish or slightly greenish-yellow,
hygroscopic, crystalline powder.
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1I-410 Nilotinib Hydrochloride Monohydrate

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A.

Rdalive retention With reference to nilotinib (retention
time = about 17 min): impurity A = about 0.3.

System suitability:
- repeatabr7it;y: maximum relative standard deviation of

5.0 per cent determined on 6 injections of reference
solution (a).

Ca/eulalion of contenr.
- for impurity A) use the concentration of impurity A in

reference solution (a).
Limit:
- impurity A: maximum 3 ppm.

Impurities Band C
Liquid chromatography (2.2.29) as described in the test for
impurity A with the following modifications.

Detection Spectrophotometer at 225 run.
Injection Test solution andreference solutions (b) and (c).
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities Band C.

Relativeretention With reference to nilotirub (retention
time = about 17 min): impurity C = about 0.2;
impurity B = about 0.6.

System suitability:
- signal-to-noise ratio: minimum 10 for the peaks due to

impurities B and C in the chromatogram obtained with
reference solution (c);

- repeilrabilizy: maximum relative standard deviation of
5.0 percent for the areas of the peaks due to impurities B
and C,. determined on 6 injections of reference
solution (b).

Calculation of contents:
- for impurities Band C,. use the concentration of the

corresponding impurity in reference solution (b).

Limits:
- impm;ties B,. C:for each impurity, maximum 2 ppm.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.

Solvent mixture anhydrous ethanol R, water R (50:50 VIV).

Test solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture anddiluteto 200.0 mL with
the solventmixture.
Reference solution (a) Dissolve 20.0 mg of ni/otinib
hydrodtloride monohydrate CRS in the solvent mixture and
dilute to 200.0 mL with the solvent mixture.

Reference solulion (b) Dilute 1cO JIll. of the test solution to
100.0 mLwith the solvent mixture. Dilute 1.0 mLofthis
solution to 10.0 mL with the solventmixture.
Reference solulion (c) Dissolve 2 mg of nilotinib for system
smiabihiy CRS (containing impurities E, F and G) in the
solvent mixture and dilute to 20 mL with the solvent
mixture.
Column:
- size: I::: 0.15 m, 0 ::: 3.0 rom;
- stationary phase: end-copped octadecyIsilyl silica gelfor

chromatography wmpatible with 100per centaquecus moWe
phases R (3 urn);

- temperature: 40°C.

2022

MoMe phase:
- mobile phase A: 1.36 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acid R;
- mobile phase B: mobile phaseA,. acetonitrile for

chromatography R (20:80 VII');

Time MobUe phase A MobUe phase B
(min) (per cent VIJI) (per cent JlJ1I)

0-2 90 10

2 - 16 90 --> 10 10 --> 90

16 - 17 10 90

Flow rate 0.8 rnUmin.
Detection Spectrophotometer at 240 om.

Injection 5 ~L of the test solutionand reference
solutions (b) and (c).

Identification of impun"ties Use the chromatogram supplied
with nilotinib for system suitability CRS and the chromatogram
obtained withreference solution (c) to identify the peaks due
(Q impurities E, F and G.

Relauve retention With reference to nilotinlb (retention
time =about 12 min): impurity E =about 1.03;
impurity F =about 1.07; impurity G =about 1.09.
System sutiability Reference solution (c):
- resolution: minimum 1.5between the peaks due to

impurities F and G;
- peak-to-valley ralw: minimum 2.0, where Hp = height

above the baseline of the peakdue to impurity E and
H", ::: heightabove the baseline of the lowestpoint of the
curve separating this peakfromthe peakdue to nilotinib.

Calculation 0/percentdge contents:
- for each impurity, use the concentration of nilotinib

hydrochloride monohydrate in reference solution (b).

Limits:
- impurily F: maximum 0.2 per cent
- unspecified impurities: foreach impurity, maximum

0.10 per cent;
- total: maximum 0.40 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
3.0 percent to 5.0 per cent, determined on 0.150 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (a).
Calculate the percentage content of C2aH2,CIF.,N,Otaking
into account the assigned content.of nilou·nib.hydrochlon·de
monohydrate CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B, C, F.
Otherdetectable impun'ties (thefollowing substances would, if
present at a sufficient level,. bedetected by one or other of the tests
in the monograph. They arelimited fry the general acceptance
aiunonfor otherlunspecified impunues and/or fry thegeneral
monograph Subsumces Jorpharmaceutical use (2034). It is
therefore not neussary to j'dentify these impurities for
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demonstration of compliance. See also 5.10. Control ofimpun'ties
in substances forpharmaceutical use) D, E, G, H.

F N

H,N2NJ-CH,

"'I
""

F
F F

A. 3-(4-methyl-IH-irnidazol-I-yl)-5-(trifiuoromethyl)aniline,

B. methyl 3-amino-4-methylbenzoate,

HJC~

H,NVCO,H
c.3-amino-4-methylbenzoic acid,

Nilutamide II-411

H. 4-methyl-N-[3-(5-methyl-1 H-imidazol-I-yl)-5­
(trifluoromethyl)phenyl]-3-[[4-(Pyridin-3-yl)pyrirnidin-2­
yl]amino]benzamide.

___________________ P1IE<I

Nilutamide
(Ph. Bur. monograph 2256)

317.2 63612-5().O

D. 4-methyl-3- [[4-(pyridin-3-yl)pyrirnidin-2-yl] amino] benzoic
acid,

E. N-[3-(IH-imidazol-I-yl)-5-(trifluoromethyl)phenyl]-4­
methyl-3-[[4-(pyridin-3-yl)pyrimidin-2-yl]amino]
benzamide,

F. N-[3-(4-ethyl-IH-imidazol-I-yl)-5­
(trifiuoromethyl)phenyl]-4-methyl-3-[[4-(pyridin-3-yl)
pyrimidin-2-yl]amino]benzamide,

G. methyl 4-methyl-3-[[4-(Pyridin-3-yl)pyrirnidin-2-yl]amino]
benzoate,

Acdon and use
Cytotoxic.

P1IE<I _

DEFINITION
5,5-D irnethyl-3-[4-nitro-3-(trifluoromethyl)
phenyl]imidazolidine-2,4-dione.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost whitepowder.

Solubility
Very slightly soluble in water, freely soluble in acetone,
soluble in anhydrous ethanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nuutamideCRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solurians
immediately before use.
So/vent mixture acetonitrile for chromawgraphy R, waterR

-(35:65 VIV)o -,

Test solution Dissolve 0.10 g of the substanceto be
examined in the solvent mixture anddilute to 100mL with
me solvent mixture.
Reference solution (a) Dilute 20.0 mL of the test solution £0

100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 100.0 mL with the solvent mixture.
Reference solution (b) Dissolve 2 mg of the substance to he
examined and 2 mg of ni/utamide impurity B CRS in the
solvent mixture and dilute to 50 mLwith me solvent
mixture.
Column:
- size: 1= 0.15 m, 0 =: 4.6 mrn;

www.webofpharma.com
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- stat",nary phase: spherical oetade<y/silyl silica gelfor
chromatography R (5 urn).

Mobile phase:
- mobile phase A: 2.0 gIL solution of potassium dihydrogen

phosphare R adjusted to pH 7.5 with 1 M sodium
hydroxide;

- mobile phase B: acetonitrile for chromatography R;

Tim, Mobile phase A MobUe phase B
(min) (per cent VIl? (per cent VJlI)

0-8 55 45

8 ~ 30 55 ..... 30 45 ..... 70

STORAGE
Protected from light.

IMPURITIES
Other det«table impurities (thefollowing substances would, if
present at a $Uffident letlaJ bedelUUd by oneorotherof the USlS
in themonograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for phannaceutkal use (2034). II is
therefore not n«essary to identify these impurities for
demonstration of compliance. See also 5.10. Conrrol of impurities
in substances for phormaceuticol use) A) BJ CJ D.

Flaw rare 1.5 mUmin.

Detection Spectrophotometer at 230 nm.
Injection 20 ~L.

Relative retention With reference to nilutamide (retention
time =about 5.3 min): impurity B =about 0.9.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaksdue to

impurity Band nilutamide.
Limits:
- unspecified impurities: for each impurity) not more than

0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total: not more than 1.5 times the area of the principal
peakin the chromatogram obtainedwith reference
solution (a) (0.3 per cent);

- disregard !limi: 0.25 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g in a platinum
crucible.

HN....p>°
H,C)( \
H3C gNyyCF3

HN ~
NO,

A. 5-imino-4,4-dimethyl-l-[4-oitro-3-(trifluoromethyl)phenyl]
imidazolidin-2-one,

""'!""YCF,
~No,

B. 4-oitro-3-(trifluoromethyl)aniline (oifeline),

o....p>°
H,CX \
H3C gNyyCF3

o ~No,

C.5,5-dimethyl-3-[4-oitro-3-(trilluoromethyl)
pbenyl]oxazolidine-2,4-dione,

___________________ PhE"

51803-78-2308.3

D.I,3-bis[4-oitro-3-(trifluoromethyl)phenyl]urea.

(ph. Eur. monograph 1548)

Nimesulide

PhE" _

Action and use
CyeIo-oxygenase inhibitor; analgesic; anti-inflammatory.

DEFINITION
N-(4-Nitro-2-phenoxyphenyl)methanesulfonamide.

Content
98.5 per cent to 101.5 per cent (dried substance).

ASSAY
Liquid chromatography (2.2.29). The solur",ns arestable for
24 hal room temperature and in do,yligh<
Solvent mixture acetonitrile for chromatography R, waterR
(35:65 VIV).

Testsolution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute [0 100.0 mL with
the solvent mixture.
Reference sdution Dissolve 50.0 mg of nilutamide CRS in the
solventmixture and dilute to 100.0 mL with the solvent
mixture.
Column:
- size: 1= 0.\5 m, 0 = 4.6 mrn;
- stationaty phase: spherical oltade<y/silyl silka gelfor

chromatography R (5 urn).

Mobile phase Mix 40 volumes of acetonitrile Rand
60 volumes of a 2.0 gIL solution of potassium dihydrogen
phosphore R adjusted to pH 7.5 with I M sodium hydroxide.
Flow rate 1.5 mlzmin,
Detection Spectrophotometer at 267 run.
Inj«rion 20~.

Retention time About 9 min.
Calculate the percentage content of ClzHlOF'3N304 from the
declared content of nilutamide CRS.

www.webofpharma.com
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CHARACTERS
Appearance
Yellowish, crystalline powder.

Solubility
PraeticaUy insoluble in water, freely soluble in acetone,
slightly soluble in anhydrous ethanol.

mp
About 149 'C.

It shows polymorphism (5.9).

IDENTIFICATION
Ioftared absorption spectrophotometry (2.2.24).

Comparison nimesulide CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in acetone R, evaporate [Q dryness and record new
spectra using the residues.

TESTS
Absorbance (2.2.25)
Maximum 0.50 at 450 om.
Dissolve 1.0 g in acetone R and dilute to 10.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20 mg of the substance to be
examined in 8 mL of acetonitrile R and dilute to 20.0 mL
with water R.
Reference sdution (a) Dissolve 5 mg of 2-phenoxyaniline R
(impurity C) in 10 mL of acewnill'iJe R and dilute to 25.0 mL
with waur R. Dilute 1.0 inL of the solution to 50.0 mL with
the mobile phase. Mix 1.0 mL of this solution with the
contents of a vial of nimesulitk impurity D CRS previously
dissolved in 1.0 mL of acetonitrile R.
Reference solutkm (b) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL oftltis
solution to 100.0 mL with the mobile phase.

Reference solution (c) Dissolve 4 mg of nimesulide forpeak
identification CRS (containing impurities A, B, E and F) in
4.0 mL of acewuitri1e R and dilute to 10.0 mL with the
mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.0 mm;
- stationary phase: IXtadecy1si1y1 silica gelfor chromawgraphy R

(5 um).

Mobile phase Mix 35 volumes of acewnitri1e Rand
65 volumes of a 1.15 gILsolution of ammonium dihydrogen
phosphare R previously adjusted to pH 7.0 with ammonia R.

Flow rate 1.3 mllmin.
Detection Spectrophotometer at 230 run.

- --lnje<tkm-20"L-;--- -----------

Run time 7 times the retention time of nimesulide.
Identification of impurities Use the chromatogram supplied
with nimesulide for peak identijicatkm CRS and the
chromatogram obtained withreference solution (c) to identify
the peaksdue to impurities A, B, E and F; use the
chromatogram obtained withreference solution (a) to
identify the peaksdue to impurities C and D.
Relativeretention With reference to nimesulide (retention
time = about 5 min): imputity A = about 0.3;
impurity B = about 2.4; impurity C = about 3.2;
imputity D =about 3.7; impurity E =about 4.2;
impurity F = about 6.1.

Nimesulide 11-413

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities C and D.
Limits:
- correction [actors: for the calculation of content, multiply

the peakareas of the following impurities by me
corresponding correction factor: impurity C = 0.7;
impurity E = 1.4;

- impurity E: not more than twice the area of the principal
peakin the chromatogram obtained with reference
solution (b) (0.2 per cent);

- impurities A, B, C, D, F: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- lOtal: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwithreference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, detennined on 1.000 g by drying in
an oven at 105 DC for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.240 g in 30 mL of previously neutralised aawne R
and add 20 mL of roaurR. Tittate with 0.1 M sodium
hydroxide, determining the end-point potentiometrically
(2.2.2(J).

I mL of 0.1 M sodium hydroxide is equivalent to 30.83 mg of
C1.3H12NZOSS.

IMPURITIES
Specified impun·ties A, B, C, D J E, F.
Otherdetectable impurities (thefollotoing substances would, if
present at a sufficient level, bedetected by oneor otherof tire tests
in the monograph. Theyare limited by thegeneral acceptance
oiunon for other/unspedfied impurities and/or by the general
monograph Substances for phannaceutical use (2034). It is
therefore not necessary to identify these impun'ties for
demonstration of compliance. See also 5.10. Cimtrol of impurities
in substances for phannaceurital use) G.

A. N-(2,4-dinitto-6-phenoxyphenyl)methanesulfonamide,

H

CX
N...

S
.....CH3

I 4*
"" 0 0o

6
B. N-(2-phenoxyphenyl)methanesulfonamide,
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DEFINITION
2-Methoxyethyl I-methylethyl (4RS)-2,6-dimethyl-4-(3­
nitrophenyl)-I ,4-<lihydropyridine-3,5-dicarboxylate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Light yellowor yellow, crystalline powder.
Solubility
Practically insoluble in water, freely solublein ethyl acetate,
sparingly soluble in anhydrous ethanol.
It shows polymorphism (5.9).

Exposure to ultraviolet light leads to me formation of a
ni~phenylpyridine derivative.

IDENTIFICATION
A. Optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comporison nimodipine CRS.
H the spectra obtained in the solid state showdifferences,
record new spectra using 20 gIL solutions in methykne
chloride R and a 0.2 mm cell.

TESTS
Prepare solutions immediately before use either ptoteaed from light
or under/ong-wavelength light (> 420 nm).

Solution S
Dissolve 1.0 g in acetooe R and dilute to 20.0 mL with the
same solvent.
Appearance of solution
Solution S is clear (2.2.1).

Optical rotation (2.2. 7)

--0.10° to + 0.10°, determined on solution S.

Related substances
liquid chromatography (2.2.29).

Testsolution Dissolve 40 mg of the substance to be
examined in 2.5 mL of tetrahydrofuran R and dilute to
25.0 mL with the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL withthe mobile phase.
Reference solution (b) Dissolve 4 mg of nimodipine for peak
identification CRS (containing impurity C) in 0.25 mL of
tetrahydrofuran R and dilute to 2.5 mL with the mobile
phase.
Reference solution (c) Dilute 0.5 mL of the test solution to
25.0 mL with the mobile phase. Mix 0.5 mL of this solution
with 0.5 mL of nimodipine impurity A CRS and dilute to
10.OmL withthemobilephase.
Column:
- size: 1= 0.125 m, 0 = 4.6 mm;
- stationary phase: end-capped oeuuiecylsilyl ,ihOO gelfor

chromawgraphy R (5 urn),
- temperature: 40°C.
Mobile phase methanol R, tetrahydrofuran R, water R
(20:20:60 VIVIV).

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 235 om.

Injection 20 J1L.
Run time 4.5 times the retention timeof nimodipine.

Phf" _

66085-59-4

andenanliomer

418.4

-HWC~ CH, - --
H,CyO o~

--'H OCIi,

CH,O ,0
I

NO,

C. z-phenoxyaniline,

ex:"'
6

F. N,N-bis(methylsulfonyl)-4-nitro-2-phenoxyaniline,

~OH

~A06

D.4-nitro-2-phenoxyaniline,

B. N,N-bis(methylsulfonyl)-2-phenoxyaniline,

G. 4-nitro-2-phenoxyphenol.

(Ph. Eur. monograph 1245)

____________________ Phf"

Nimodipine

Action and use
Calcium channel blocker.
Preparations
Nimodipine Infusion
Nimodipine Tablets
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Identification of impurities Use the chromatogram supplied
with nimodipine for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurityC; use the chromatogram
obtainedwith reference solution (c) co identify the peak due
to impurity A.

Relativeretention With reference to nimodipine (retention
time = about 7 min): impurity C = about 0.5;
impurity A = about 0.9.

Systemsuitability Reference solution (c):
- peak-w-vaUey ratio: minimum 4.0, where Hp == height

above the baseline of the peak due to impurity A and
H; = heightabove the baseline of the lowestpointof the
CUlVe separating thispeak from the peak due (Q

nimodipine.
Limits:
- impun'ty C: not more than twice the area of the principal

peak in the chromatogram obtained withreference
solution (a) (0.2 per cent);

- unspecified impurities: for each impurity, not more than
the area of the principal peakin the chromatogram
obtained withreference solution (a) (0.10 percent);

- total:not more man 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard linn',: 0.5 times the area of theprincipal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Masimum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C. .

H~CN CH,r I
H'CyO ~ 0 ...............OCH,

CH3 ° ~ °
I

"'" NO,

A. 2-methoxyethyll-methylethyl 2,6-dimethyl-4-(3­
nitrophenyl)pyridine-3,5-dicarboxylate,

B. bis(l-methylethyl) 2,6-dimethyl-4-(3-nitrophenyl)-I,4­
dihydropyridine-3,5-dicarboxylate,

C. bis(2-methoxyethyl) 2,6-dimethyl-4-(3-nitrophenyl)-I,4­
dihydropyridine-3,5-<1icarboxylate.

____________________ PIIE<I

PIlE" _

DEFINITION
7-Nitro-5-phenyl-I,3-dihydro-2H-I,4-benzodiazepin-2-one.

Content
99.0 per cent to 101.0 percent (dried substance).

CHARACTERS
Appearance
Whiteor yellow, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent).

146-lZ-5281.3

(ph. Bur. monograph 0415)

Action and use
Benzodiazepine.

Preparations
Nitrazepam Oral Suspension
Nii£azepanfTabletS --

Nitrazepam

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Prepare sdutions immediately b40re use either prote<redfrom ligh'
ar underlong-wavelengch ligh' (> 420 nnV.
Dissolve with gentle heating 0.180 g in a mixture of 25 mL
of 2-methyl-2-propanal Rand 25 mL of perchlcric acid
,olution R. Add 0.1 mL offemJin R. Titrate with 0.1 M
cerium sulfate. Titrate slowly towards the end of the titration.
Carry out a blank titration.
1 mL of 0.1 M cerium sulfate is equivalent to 20.92 mg
of Cz,HzoNzO"

STORAGE
Protected from light.

IMPURITIES
Specified impurities C.

Otherdelwable impuritWs (the follawing sub,tances would, .]
present a, a sufficient. Ievd, bedeteaed by one or otherof 'he tests
ire the monagraph.-They arelimitedby thegeneral.acceptance
criterion for other/unspecified impuTi'Ws and/or by thegeneral
monograph Substances for pharmaceutical use (Z034). It is
therefore not neussaryto identifY these impurities for
demonstration of eompiiollU. See also 5.10. Control of impurities
in substanus forpharmaceutical use) A, B.
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IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison niuazepam CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Carry out the testprotetted
from lighe

Test solUIUm Dissolve 50 mg of me substance to be
examinedin acetonitrile R and dilute to 20.0 mL with the
same solvent.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with auronilrile R. Dilute 1.0 mL of this solution
to 10.0 mL with auromin7e R.

Reference sdtuion (b) Dissolve 2 mg of donozepom CRS in
acetonim"le R and dilute to 100.0 mL with the same solvent
Dilute 1.0 mL of this solution to 10.0 mL with the test
solution.
Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- swtionmy phase: octylsi/yl silica gelfor chromatography R

(5 ~m);

- temperoture: 40°C.

Mobile phase:
- mobile phaseA: 7.8 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 3.0 with phosphori< acidR;
- mobile phaseB: acetonitrile R;

Time MobUe phase A MobUe phase B
(min) (per cent VIJI) (percent VII?
0-3 65 35

3 - 10 65 -+ 50 35 ...... 50

10 - 20 50 50

Flow rate 1 mUmin.
Detection Spectrophotometer at 270 nm.
Injection 10 ~L.

Relative retention Withreference to nftrazepam (retention
time = about 9 min): clonazepam = about 1.1.
Systemsuitability Reference solution (b):
- peak-w""fJalley ratio: minimum 4,0) where Hp = height

above the baselineof the peakdue to clonazepam and
H", = height above the baselineof the lowest point of the
curve separating this peak from the peakdue to
nitrazeparn.

Limits:
- unspeajied impun'tie.s: for each impurity) not more than the

area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than twice the area of the principal peakin
-- -tliecmotnato-gram-obtainedwith-reference-solution (a)---

(0.2 per cent);
- disregard limit: 0.5 times the area of the principal peak in

the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 4 h.

Sulfated ash (2.4. 14)
Maximum 0.1 per cent, determined on 1.0 g.

2022

ASSAY
Dissolve 0.250 gin 25 mL of acetic anhydride R. Titrate with
0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.21J).

1 mL of 0.1 M pcrchloric acidis equivalent 10 28.13 mg of
C15HIIN303.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurilies (thefollowing substances would, if
present at a suffident kvel, bedetected by oneorother of the tests
in the monograph. They an: limiud by the general acceptance
criterion for other/unspecified impuri,ies and/or by thegeneral
monograph Substances for pharmaceutical use (2034). I, is
there/ore not necessary UJ identify these impurities for
demonstration of """pliana See also 5.10. Control of impun',",s
in substances for pharmaceutical use) A, B, G, D.

~
~ 0

O,N "" 1 .-7 NH,

I""
.-7

A. 3-amino-6-nitro-4-phenylquinolin-2(1H)-one,

B. (2-amino-5-nitrophenyl)phenylmethanone,

C. 2-bromo-N-[4-nitro-2-(phenylcamonyl)phenyijacetamide,

o

°"f"N
?' NH

I""

D. 2-( 1,3-dioxo-1 ,3-dihydro-2H-isoindo1-2-y1)-N-[4-nitro-2­
(phenylcarbonyl)phenyl)acetamide.

____________________ PflE<I
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Phfur _

Column:
- size: I::::: 0.125 m, 0 = 4 mmj
- stationary phase: irregular oetad«ylsilyl silica gd for

chromatography R (5 pm);
- temperature: 40°C.

Mobile phase acelOnilrile R, tetrahydrofuran R, water R
(14:22:64 VIVIV).

Flowratt 1 mUmin.
Detection Spectrophotometer at 235 run.
Injection 10 ilL of the test solution and reference
solutions (a), (d) and (e).

RUlI time 5 times the retention time of nitrendipine.
Identification of impurities Use the chromatogram supplied
with nilrendipine forpeak ideruification CRS and the
chromatogram obtained with reference solution (e) to identify
the peaksdue to impurities Band C; use the chromatogram
obtainedwith reference solution (d) to identify the peakdue
to impurity A.
Re/ativeretention With reference to nitrendipine (retention
time = about 9 min): impurity B ::::: about 0.7;
impurity A =about 0.8; impurity C =about 1.4.

System suitability Reference solution (d):
- resolution: minimwn 2.0 between the peaksdue to

impurity A and nitrendipine.
Limits:
- impurities B, C: for each impurity, not more than 4 times

the area of the principal peak in the chromatogram
obtainedwithreference solution (a) (0.4 per cent);

- jmpun·'Y A: not more than the area of the corresponding
peakin the chromatogram obtained with reference
solution (d) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.10 per cent);

- total: maximum 0.7 per cent;
- disregard limit: 0.5 times the area of the principal peakin

the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.160 g withgentle heatingifnecessary in a mixture
of 25 mL of 2-methyl-2-propanol Rand 25 mL of perchwric
acid solution R. Titrate with 0.1 M cerium sulfate, using
0.1 rnL offetTOin R as indicator. Titrateslowly towards the
end of the titration. Carry out a blanktitration.
I mL~oLO.LM cerium sulfatds equivalenuo 18.02mg__ ~

of C,.H,oN,O•.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A. B, C.

39562-70-4360.4

(ph. Eur. monograph 1246)

Action and use
Calcium channelblocker.

Nitrendipine

DEFINITION
Ethyl methyl (4RS)-2,6-dimethyl-4-(3-nitrophenyl)-1,4­
dihydropyridine-3,5-dicarboxylate.

Content
985 per cenr to 1015 per cenr (dried substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubl1lty
Practically insoluble in water, freely soluble in ethyl acetate,
sparingly soluble in anhydrous ethanol and in methanol.
Ir shows polymorphism (5.9).

Exposure [0 ultraviolet light leads to the formation of a
nitrophenylpyridine derivative.
Prepare solutions immediaulybefore useeither prot«t<d from light
or uruler long-wavelength light (> 420 nm).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nitrendipine CRS.
If the spectra obtainedin the solid stateshow differences,
record new spectra using 20 gILsolutions in methylene
chloride R and a 0.2 mm ceU.

TESTS
Related substances
Liquid chsomatography (2.2.29).

Testsolution Dissolve 20 mg of the substance to be
examined in 2.5 mL of tttrahydrofuran R and dilute to
10.0 mL with the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
ReferenCe sol",;;,n(b)· -1);5s01ve-15:ilmg o(nin.ndiPi-ne­
impuniJ! A CRS in 2.5 mL of tttrahydrofuran R and dilute to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobilephase.
Reference solution (c) Dilute 0.5 mL of the test solution to
20.0 mL with the mobile phase.

Reference solution (d) Mix 1.0 mL of reference solution (h)
and 1.0 mL of reference solution (c), then dilute to 25.0 mL
with the mobile phase.
Reference solution (e) Dissolve 2 mg of nitrendipine for peak
identification CRS (containing impurities B and C) in 0.5 mL
of tetrahydrcfunm R and dilute to 1.0 mL with the mobile
phase.
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A. ethyl methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5­
dicarboxylste, "'WC

I ~ CH,H3CO OCH3

° °I
"" NO,

B. dimethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4­
dihydropyridine-3,5-dicarboxylate,

H
H3C N CH3

"'C'-/O?&O'-/CH'
° °I

.# NOz

C. diethyI2,6-dimethyl-4-(3-nitrophenyl)-I,4­
dihydropyridine-3,5-dicarboxylate.

Any opalescenceis not more intense than that of a standard
prepared at the same time in the same manner using 13 rnL
of warer R, 0.5 mL of nieri< acidR, 0.5 mL of chlaride
srandard ,oluoon (5 ppm CO Rand 0.3 mL of silver nitrate
solution R2.

Sulfates (2.4.13)
Maximum 10 ppm.

To 15 g add 0.2 g of sodium carbonare R. After carbon
dioxide has evolved, evaporate to dryness. Dissolve the
residue in 15 mL of disci/led warer R.
Iron (2.4.9)
Maximum 10 ppm.

Dissolve the residue obtained in the test for sulfated ash in
I mL of dilure hydrochloric acidR and dilute to 20 mL with
water R. Dilute I mL of this solution to 10 mL withwater R.
Sulfated ash
Maximum 0.01 per cent.
Carefully evaporate 20.00 g to dryness. Moisten the residue
with a few drops of sulfuric acidR and ignite to dull red.

ASSAY
To 0.750 g add 50 mL of warer R and titrate with 1 M
sodium hydroxide, detennining the end-point
potentiometrically (2.2.20).

I mL of 1 M sodium hydroxide is equivalent to 63.0 mg
ofHNO,.

STORAGE
Protected from light.

_________-,-- /'hEll ____________________ PhEII

10102-43-9

(ph. Bur. monograph 1550)

NO 30.01

Nitric Oxide

/'hEll _

7697-37-2

(ph. Eur. monograph 1549)

RNO, 63.0
/'hEll _

Nitric Acid

DEFINITION
Content
68.0 per cent mlm [0 70.0 per cent mlm.

CHARACTERS
Appearance
Clear) colourless or almost colourless liquid.
Solublllty
Miscible with water.
Relative density
About 1.41.

IDENTIFICATION
A. Dilute I mL to 100 mL with warer R. The solution is
strongly acid (2.2.4).

B. 0.2 mL of thesolution obtainedin identification test A
gives the reaction of nitrates (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y. (2.2.2, Method II).

Dilute 2 mL to 10 mL with warer R.

Chlorides (2.4.4)
Maximum 0.5 ppm.

To 5 g add 10 mL of warer Rand 0.3 mL of silver nitrate
solutWn R2 and allow to stand for 2 minprotected from light.

DEFINITION
Content
Minimum 99.0 per cent VIV of NO.

This monograph applies [0 nitricoxide for medicinal use.

CHARACTERS
Appearance
Colourless gas which turns brownwhen exposed to air.

Solublllty
At 20 °C and at a pressure of 101 kPa, 1 volume dissolves in
about 21 volumes of water.

PRODUCTION
Carbondfoxide
Gas chromatography (2.2.28).

Gas to bee:mmined The substance [Q be examined.
Reference gas Mixture containing 3000 ppm VIV of carbon
dioxide R1 in nirrogenR.
Column:
- matnial: stainless steel;
- size: {= 3.5 m, 0 = 2 nun;
- ,rarionary phase: elhy/vinylbenzene-divinylbenune

copolymer R;
- temperature: 50 "C.
Carrier gas helium for chromaUJgraphy R.
Flew rare 15 mUmin.
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_____________________ PhE"

Reference gas Mixture containing 3000 ppm VIV of nitrous
oxide R in nitrogen R.
Column:
- material: stainless steel;
- size: 1= 3.5 m, 0 = 2 mm;
- stationary phase: ethylvinylbenz.ene-divinylbenzene

wpalymerR;
- temperature: 50 "C.

Carrier gas heliumfor chromatography R.
Flow rare 15 mUmin.

Detection Thermal conductivity.
Injection Loop injector.
Sysrem suilability:
- the chromatograms obtained show a clear separation of

nitrous oxide from nitric oxide.
Limit:
- nitrous oxide: not morethan the area of the corresponding

peak in the chromatogram obtained with the reference gas
(3000 ppm VIII).

Water (2.5.28)
Maximwn 100 ppm VIV.

Assay
Determine the content of nitric oxide by difference usingthe
mass balance equation after determining the sum of me
impurities described under Production.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of nltm oxide.

STORAGE
Compressed at a pressure not exceeding 2.5 MPa (25 bar)
measured at l5 °C, in suitable containers complying with the
legalregulations.

IMPURITIES
S[J«iftedimpurities A, B, C, D, B.

A. CO2: carbon dioxide,
B. N2: nitrogen,
C. N02: nitrogen dioxide)
D. N20 : nitrous oxide,
E. H20 : water.

(ph. Bur. monograph 0101)

67-20-9238.2

O)'-NH

o,N--\JN,NJO

CaH.N,O,

Nitrofurantoin

Action and use
Antibacterial.

Preparations
Nitrofurantoin Oral Suspension
Nitrofurantoin Tablets

Detection Thermal conductivity.
Injection Loop injector.
Systemsuitability:
- the chromatograms obtainedshow a clear separation of

carbon dioxide from nitric oxide.
Limit:
- carbon dioxide: not more than the area of me

corresponding peakin the chromatogram obtained with
the reference gas (3000 ppm VIII).

Nitrogen
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.
Reference gas Mixture containing 3000 ppm VIV of
nitrogen R in heliumfor chromatography R.

Column:
- material: stainless steel;
- size: 1= 3.5 m, (2) = 2 mm;
- stationary phase: molecular sieve for chromatography R

(0.5 om);
- temperature: 50 "C.

Carrier gas heliumfor <hrornaUigraphy R.

Flow rare 15 mUmin.

Detection Thermal conductivity.
Injection Loop injector.

System suilability:
- the chromatograms obtained show a clear separation of

nitrogen from nitric oxide.
Limit:
- nitrogen: not more man the area of the corresponding peak

in the chromatogram obtained with the reference gas
(3000 ppm VIII).

Nitrogen dioxide
Maximwn 400 ppm VIV.
Ultraviolet absorption spectrophotometry analyser.
Gas to be examined The substance to be examined.
Reference gas (a) nitrogen R1.

Reference gas (b) Mixture containing 400 ppm VIV of
nitrogen dwxide R in nitrogen R.
Apparatus:
- an ultraviolet-visible light source (analytical wavelength

about 400 om);
- a sample gas cell through which the feed gas flows;
- a closed reference gas cell containing nitrogen Rl in

parallel with the sample gas cell;
- a rotating chopper which feeds light alternately through

the reference gas cell and the sample gas cell;
- a semiconductor detector which generates a frequency

modulated output whose amplitude is a measure of the
difference of absorption of the sample gas and the
reference gas.

Analysis:
- set the zeroof the instrument usingreference gas (a)

through the sample gas cell at a flowrateof 1 L'min;
- adjust the span while feeding reference gas (b) through

the sample gas cell at a flow rate of I Lmin;
- feed the gas to he examined through the sample gas cell

at a flow rate of 1 L'mln, read the value from the
instrument outputand calculate, if necessary, the
concentration of nitrogen dioxide.

Nitrous oxide
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.
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DEFINITION
2-[(5-Nitrofuran-2-yl)methylene]diazanecarboxamide.

Content
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow or brownish-yellow, crystalline powder.

Solubility
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First idendficauon: B.
Second identification: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25). Carry out the test protected from bnghtlight.
Test solution Use the solution prepared for the assay.
Spectral range 220-400 nm.

Absorption maxima At 260 om and 375 om.

Absorbance ratio Am/A,,,, = 1.15 to 1.30.

B. Infrared absorption spectrophotometry (2.2.24).

Comparisou nitrofural CRS.
C. Thin-layer chromatography (2.2.27).

Testsolmion Dissolve 10 mg of the substance to be
examinedin methanol R and dilute to 10 mL with the same
solvent.
Reference solution Dissolve 10 mg of nitrofurol CRS in
methanol R and diluteto 10 mL with the same solvent.
Plate TLC silica gelG plate R.
Mobile phase methanol R, nitromethane R (10:90 VW).
Application 5 ~L.

Development Over a path of 15 em.

Drying In air.

Detection Spray with phenylhydrazine hydrochloride solution R.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colourand size to
the principal spot in the chromatogram obtainedwith the
reference solution.
D. Dissolve about I mg in I mL of dimethylformamide Rand
add 0.1 mL of akoholj,; patassium hydroxide solution R.
A violet-red colour is produced.

TESTS
pH (2.2.3)
5.0 to 7.0.

To 1.0 g add 100 mL of carbou dioxide-free water R. Shake
and filter.

59-87-0198.1

o HO,N--(JN'NyNH'
o

Action and use
Anribacterial; topical antiprotozoal.

(Nitrofural, Ph. Eur. mouograph 1135)

Nitrofurazone
DEFINITION
Nitrofurantoin contains not less than 98.0 per cent and not
more than the equivalent of 102.0 per cent of 1-[[(5­
nitrofuran-z-yljmethylene1amino1imidazolidine-2,4-dione,
calculated with reference to the driedsubstance.

PhE« _

CHARACTERS
A yellow, crystalline powderor yellowcrystals, veryslightly
soluble in water and in ethanol (96 per cent), soluble in
dimethylformamide.

IDENTIFICATION
A. Cany out the test protected from bright light. Use the solution
prepared for the assay. Examinedbetween 220 nm and
400 run (2.2.25), the solution shows two absorption maxima)
at 266 om and 367 nm, The ratio of the absorbance at the
maximum at 367 nm to that at the maximum at 266 nrn is
1.36 to 1.42.

B. Dissolve about 10 mg in 10 mL of dimethylformamide R.
To I mL of the solution add 0.1 mL of 0.5 M alcoholic
potassium hydroxide. A brown colour develops.

TESTS
Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gelHF254 R as the coatingsubstance.
Test solution Dissolve 0.25 g of the substance to he
examined in a minimum of dimethylfomramide R and dilute to
10 mL with acetone R.
Reference solution Dilute 1 mL of me test solution to
100 mL with acetone R.
Apply separately to the plate I 0 ~L of each solution. Develop
overa pam of 15 ern using a mixtureof 10 volumesof
methanol Rand 90 volumes of nitromethane R. Allow me plate
to dry in airand heat at 100 "C to 105 "C for 5 min.
Examine in ultraviolet light at 254 om. Spray with
phenylhydrazine hydrochloride solution R. Heat the plate at
100 °C to 105 °C for a further 10 min. When examined in
ultraviolet light and after spraying, any spot in the
chromatogram obtained with the test solution, apart from the
principal spot, is not more intense than the spot in the
chromatogram obtainedwith the reference solution
(1.0 per cent).

Loss on drying (2.2.32)
Not more than 1.0 per cent, determined on 1.00 g by drying
in an oven at 105 "C.

Sulfated ash (2.4.14)
Not more than0.1 per cent, determined on 1.0 g.

ASSAY
Carry au' the assay protected from bright light Dissolve 0.120 g
in 50 mL of dimethylformamide R and dilute to 1000.0 mL
with waterR. Dilute 5.0 mL of the solution to 100.0 mL
with a solution containing 18 gIL of sodium acerate R and
0.14 per cent VIV of glacial acetic acid R. Measure the
absorbance (2.2.25) at the absorption maximum at 367 nm,
using the sodium acetatesolution described above as
compensation liquid.
Calculate the content of C8H~405' taking the specific
absorbance to be 765.

STORAGE
Storeprotectedfrom light, at a temperature below 25 "C.
____________________ PhEw
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A. 1,2-his[(5-nitrofuran-2-yl)methylidene)diazane,

B. (5-nitrofuran-2-yl)methylene dlacetate.

**** ** ** ****(Ph. Eur. monograph 1247)

Nitrogen

Nitrogen should be kept in approved mesal cylinders, theshoulders
of which arepaintedblack and the remainder grey. The cylinder
should cany a label stating 'Nitrogen '.

N, 28.01 7727-37-9

DEFINITION
Content
Minimum 99.5 per cent VIV of N,.
This monograph applies to nitrogen formedicinal use.

CHARACTERS
Appearance
Colourless, odourless gas.
Solublllty
At 20 °C and at a pressure of 101 kPa, 1 volume dissolves in
about 62 volumes of water and about J0 volumes of ethanol
(96 per cent).

PRODUCTION
Carbon dioxide
Maximum300 ppm VIV, determined usingan infrared
analyser (2.5.24).

Gas to be examined The substance to be examined. It must
be filtered to avoid stray light phenomena.
Reference gas (a) Nitrogen RI.
Reference gas (b) Mixture containing 300 ppm VIV of carbon
dioxide RI in nitrogen RI.
Calibrate.the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of casbon dioxide in
the gas to be examined.

Carbon monoxide
Maximum5 ppm V/~ determined usingan infrared analyser
(2.5.25).

Gas to be examined The substance to be examined. It must
be filtered [0 avoid stray lightphenomena.
Reference gas (a) Nitrogen RI.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

Calculate the contentof C~6N404 from the absorbances
measured and the concentrations of the solutions.

____________________ PhE"

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in the mobilephase and dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dissolve 10.0 mg of nitrofuml
impurity B CRS in the mobile phase and dilute to 20.0 mL
with the mobilephase.Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase.
Reference solution (b) Dissolve 10 mg of the substance to be
examined and 10 rng of nitrofurantoin R in the mobilephase
and dilute to 100.0 mL with the mobile phase. Dilute
5.0 mL of the solution to 100.0 mL with the mobile phase.

Reference solution (c) Dissolve with the aid of ultrasound the
contents of a vialof n';trofural for peak identification CRS
(containing impurities A and B) in 1.0 mL of the mobile
phase.
Column:
- size: 1== 0.25 m, (£) == 4.6 nun;
- stationary phase: octadecylsilyl sili<a gelfor chromatography R

(5 urn).

Mobile phase aceumitrile R, water R (40:60 VII').
Flow mt<l. 1 mLImin.
Detection Spectrophotometer at 310 nm.

Injection 20 IJL.
Run time J0 times the retention timeof nitrofural.
Identification of impuniies Use the chromatogram obtained
with reference solution (c) to identify the peaks due to
impurities A and B.
Relauve mention Withreference to nltrofural (retention
time = about4 min): nitrofurantoin = about 1.2;
impurity B = about 4.0; impurity A = about 7.6.
System SUiUlbl7ity Reference solution (b):
- resolution: minimum 2.0 between thepeaks due to

nitrofural and nitrofurantoin.
Limits:
- imputities A, B: for each impurity, not morethan the area

of the principal peakin the chromatogram obtained with
reference solution (a) (0.5 per cent);

- unspecified impurities: for each impurity, not more than
0.2 timesthe area of the principal peakin the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained withreference solution (a)
(1.0 per cent);

- disregard limit: O.J times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum O.J per cent, determined on 1.0 g.

ASSAY
Cony oUI theassayprotected from bright light.

Dissolve 60.0 mg in 20 mL of dimethylformamide R and dilute
to 500.0 mL with water R. Dilute 5.0 mL of the solution to
100.0 mL with water R. Prepare a reference solution in the
same manner using 60.0 mg of nitrofural CRS. Measuse the
absorbances (2.2.25) of the 2 solutions at the absorption
maximum at 375 om.
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Reference gas (b) Mixture containing 5 ppm VIV of carbon
monoxide R in nitrogen RI.

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of carbonmonoxide
in the gas to he examined.

Oxygen
Maximum 50 ppm VIr', determined using an oxygen
analyser with a detector scale ranging from 0-100 ppm VIV
and equipped with an electrochemical cell.
The gas to be examinedpasses through a detection cell
containing an aqueous solution of an electrolyte, generaUy
potassium hydroxide. The presence of oxygen in the gas to

be examinedproduces variation in the electric signal
recorded at the outlet of the cell thatis proportional to the
oxygen content.

Calibrate the analyser according to the instructions of the
manufacturer. Pass the gas to be examined through the
analyser using a suitable pressure regulator and airtight metal
tubes and operating at the prescribed flow-rates until
constantreadings are obtained.

Water (2.5.28)
Maximum 67 ppm VIV.

Assay
Gas chromatography (2.2.28).

Gas to be examined The substance (Q be examined.
Reference gas (a) Ambient air.

Reference gas (b) Nitrogen Rl.
Ca/umn:
- material: stainless steel; ,
- size: 1= 2 m, 0 = 2 mm;
- stationary phase: ma/ecuJar sieve for ehromawgraphy R

(0.5 om).

Carrier gas hdium for ehromarography R.
Flow rate 40 mllmin.
Temperature:
- column: 50 °C;
- detection: 130 ·C.
Detection Thermal conductivity.
In.ieawn Loop injector.
Injectreference gas (a). Adjust the injected volumes and
operating conditions so that the height of the peak due to
nitrogen In the chromatogram obtained with the reference
gas is at least 35 per cent of the full scale of the recorder.
SysW1l sUliabiliry:
- the chromatograms obtained show a clearseparation of

oxygen and nitrogen.
Calculate the content ofN2 in the gas to be examined.

IDENTIFICATION
Firsr idenrificatiJn: A.
Second itknufiea'Wn: B, C.
A. Examine the chromatograms obtained in the assay (see
Production).

Results The principal peak In the chromatogram obtained
with the substance to be examined is similar in retention time
to the principal peakin the chromatogram obtainedwith
reference gas (b).

B. In a 250 mL conicalflaskreplace the airby the substance
to be examined. Place a burning or glowing splinter of wood
in the flask. The splinter is extinguished.

C. In a suitable test tube, place 0.1 g of magnesium R in
turnings, Close the tube with a two-holestopperfitted witha

2022

glass tube reaching about 1 cm above the turnings. Pass the
substance to be examined through the glass rube for 1 min
without heating, then for 15 min while heating the test tube
to a red glow. AfterCOOling, add 5 mL of dilute sodium
hydroxide solution R. The evolving vapours changethe colour
of moistened red litmus paperR blue.

TESTS
Carbon dioxide (2.1.6)
Maximum 300 ppm V/~ determined using a carbon dioxide
detectortube.

Carbon monoxide (2.1.6)
Maximum 5 ppm VIVt determined using a carbon monoxide
detector tube.

Water vapour (2.1.6)
Maximum 67 ppm V/~ determined using a water vapour
detector tube.

STORAGE
As a compressed gas or a liquid inappropriate containers
complying with the legal regulations.

IMPURITIES
Specified impun'ties A, B, C, D.
A. CO2: carbon dioxide,
B. CO: carbonmonoxide,
C. O2: oxygen,
D. H 20: water.
_____________________ 1'1>£"

Low-Oxygen Nitrogen
(Nitrogen, L<Jw-Oxygen, Ph. Bur. monograph 1685)

N, 28.01
1'1>£" _

DEFINITION
TIlls monograph applies to nitrogen which is used for
inerting finished medicinal products which are particularly
sensitive to degradation by oxygen. It does not necessarily
apply to nitrogen used in earlier production steps.

Content
Minimum 99.5 per cent VIV ofN2, calculated by deduction
of the sum of impurities found when performing the test for
impurities.

CHARACTERS
Colourless and odourless gas.

Solubility
At 20 ·C and at a pressure of 101 kPa, 1 volume dissolves in
about 62 volumes of water and about 10 volumesof alcohol.

PRODUCTION
Oxygen
Maximum 5 ppm VIVt determined using an oxygenanalyser
with a detector scale ranging from 0 ppm VIV to
100 ppm VIV and equipped with an electrochemical cell.

The gas to be examined passesthrough a detection cell
containing an aqueous solution of an electrolyte, generally
potassiumhydroxide. The presence of oxygenin the gas to
be examinedproduces variation in the electric signal
recorded at the outlet of the cell that is proportional to the
oxygen content.
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Calibrate the analyser accordingto the manufacturer's
instructions. Pass me gas to be examined through the
analyser using a suitable pressure regulator and airtight metal
tubes and operating at the prescribed flow rates until
constant readings are obtained.

Impurities
Gas chromatography (2.2.28).

Gas to be examined The substance to be examined.
Reference gas (a) Use ambient air.

Reference gas (b) Use nitrogen Rl.

Column:
- material: stainless steel,
- size: I;;;; 2 m, 0;;;; 2 mm,
- stationary phase: appropriate molecular sieve for

chromatography (0.5 om).

Cattier gas helium for chromatography R.

FIuw rate 40 mIlmin.
Temperature:
- column: 50 "C,
- detector: 130 °C.

Detection Thermal conductivity.
Systemsuitability Referencegas (a): adjust the injected
volwnes and operating conditions so that the heightof the
peakdue to nitrogen in the chromatogram obtained is at
least 35 percent of the full scale of the recorder:
- the chromatogram obtained shows a clear separation of

oxygenand nitrogen.
Limit:
- total: not more than 0.5 per cent of the sum of the areas

of all the peaks (0.5 per cent VIII).

IDENTIFICATION
First identification: A.
Secondidentification: B} C.
A. Examine the chromatograms obtained in the test for
impurities (see Production).
Results The principal peak in the chromatogram obtained
with the gas to be examined is similar in retention timeto
me principal peakin the chromatogram obtained with
reference gas (b).

B. In a 250 mL conical flask. replace the airby me gas to be
examined. Place a burning or glowing splinter of wood in the
ftask. The splinter is extinguished.

C. In a suitable test tube, place 0.1 g of magnesium R in
turnings. Close the tube with a two-hole stopper fitted with a
glass rube reaching about I em above the turnings. Pass the
gas to be examined through the glass tubefor 1 min without
heating, then for 15 min while heating the test tube to a red
glow. After cooling, add 5 mL of dilure sodium hydroxide
solution R. The evolving vapours turn. the colourof moistened
red Ii'muspaperR blue.

STORAGE
Where the gas has to be stored, store as a compressed gas or
a liquid in appropriate containers complying with the legal
regulations.

IMPURITIES
A. O2 : oxygen,
B. Ar: argon.
____________________ PhE"

Nitrous Oxide II-423

Nitrous Oxide
(Ph. Bur. monograph 0416)

Nitrous oxide should be kep, in approved metal cyllt"}'" which
arepainud blueand cany a labelstating 'Nitrous Oxide'.
In addition} 'NitrQUS Oxide'or thesymbol 'N20' should be
stencilled in paint on the shoulder 0/thecylinder.

N,O 44.01

Action and use
General anaesthetic; analgesic.

PhE" _

DEFINITION
Content
Minimum 98.0 percent VIV of N20 in the gaseous phase)
when sampled at 15 °C.

This monograph applies to nitrous oxide formedicinal use.

CHARACTERS
Appearance
Colourless gas.

Solubility
At 20 °C and at a pressureof 101 kpa, 1 volume dissolves in
about 1.5 volumes of water.

PRODUCTION
Nitrous oxide is produced from anunonium nitrate by
thermic decomposition.
Examine the gaseous phase.
If the rest is performed on a cylinder, keep the cylinder al room
temperature for ar leas' 6 h before carrying ou' the tests. Keep the
cylinder in the verticalposition with the outlet oatoe uppennost.

Carbon dioxide
Gas chromatography (2.2.21I).

Gas to be examined The substance to be examined.
Reference gas A mixture containing 300 ppm VIVof carbon
dioxide RJ in nitrous oxideR.

Column:
- material: stainless steel;
- size: 1= 3.5 rn, 0 ;;;; 2 rn.m;
- stationary phase: ethylviny/benzene-di'vinylbenzene

copolymer R.
Carrier gas helium for chromatography R.
F/qw rate 15 mIlmin.
Temperature:
- column: 40 "C,
- detector: 90 °C.

Detection Thermal conductivity.
InjutUm Loop injector.
Adjust the injected volumes and operating conditions so that
the height of the peak due to carbon dioxide in the
chromatogram obtained with the reference gas is at least
35 per cent of the full scale of the recorder. The test is not
valid unless the chromatograms obtained show a clear
separation of carbon dioxide from nitrous oxide.
Limit.
- carbon dioxide: not morethan the area of the

corresponding peak in the chromatogram obtained with
the reference gas (300 ppm VIJI).

Carbon monoxide
Gas chromatography (2.2.28). When the tes, is cornedoul on a
cylinder, use thefirst ponionof gas w be withdrawn.
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Gas to be examined The substance to be examined.

Reference gas A mixture containing 5 ppm VIV of carbon
monoxide R in nitrous oxide R.

Column:
- material: stainless steel,
- size: 1= 2 rn, 0 = 4 mm;
- stationary phase: suitable molecular sieve for

chromatography (0.5 om).

Carnergas helium far chromatography R.
Flow rare 60 mUmin.
Temperature:
- column: 50°C;
- injection port. and detector. 130 DC.

Detection Flame ionisation with methaniser.
Injection Loop injector.
Adjust the injectedvolumesand the operating conditions so
that the height of the peakdue to carbon monoxide in the
chromatogram obtained with the reference gas is at least
35 per cent of the full scale of the recorder.
Limit:
- carbon monoxide: not more than the area of the

corresponding peakin the chromatogram obtained with
the reference gas (5 ppm VIV).

Nitrogen monoxide and nitrogen dioxide
Maximum 2 ppm VIV in total in the gaseous and liquid
phases, determined using a chemiluminescence analyser
(2.5.26).

Gas to be examined The substance to be examined.
Reference gas (a) Nitrous oxide R.
Reference gas (b) A mixrure containing 2 ppm VIV of
nitrogen monoxide R in nitrogen Rl,

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (h). Measure the content of nitrogen monoxide
and nitrogen dioxide, separately examining the samples
collected from the gaseous phase and the liquid phase of the
gas to be examined.
Multiply the resultobtainedby the quenching correction
factorin orderto correct the quenching effecton the analyser
response caused by the nitrous oxide matrix effect.
The quenching correction factor is determined by applying a
known reference mixture of nitrogen monoxide in nitrous
oxide and comparing the actual contentwith the content
indicated by the analyser which has been calibrated with an
NOIN2 reference mixture.

IDENTIFICATION
First identification: A.

Second identification: B~ C.
A. It complies with the limits of the assay.

B. Place a glowingsplinter of wood in the substance to be
examined. The splinter bursts into flame.
C. Introduce the substance to be examined into alkaline
pyrogallol solutUm R. A brown colour does not develop.

TESTS
Examine thegaseous phase.
If 'he res, is perfonned on a cylinder, keep tire cylinder of the
substance UJ be examined at room temperature for at least 6 h
befare canying ou' tire rests. Keep 'he cylinder in the verueal
position with the oUllet valve uppermost.

Carbon dioxide
Maximum 300 ppm Vfl7, determined using a carbon dioxide
detector tube (2.1.6).

Carbon monoxide
Maximum 5 ppm VIl7, determined using a carbonmonoxide
detector tube (2.1.6). When tire test is earned out on a cylinder,
use tire first portion of tire gas'0 be wi'hdrawn.

Nitrogen monoxide and nitrogen dioxide
Maximwn 2 ppm VIlI, determined using a nitrogen
monoxide and nitrogen dioxide detector tube (2.1.6).

Water vapour
Maximum 67 ppm VIV, determined using a water vapour
detector tube (2.1.6).

STORAGE
Store liquefied under pressure in suitable containers
complying with the legal regulations. The taps and valves are
not greased or oiled.

IMPURITIES
Spedfied impurities A, B, C, D, E.
A. CO2: carbondioxide,
B. CO: carbon monoxide,
C. NO: nitrogen monoxide,
D. N02: nitrogen dioxide,
E. H20: water.
____________________ PhE<I

Nizatidine

Water
Maximum 67 ppm VIV, determined using an electrolytic
hygrometer (2.5.21f).

Assay
Infrared analyser (2.5.35).

Gas to be examined The substance to be examined. It must
be filtered to avoidstray light phenomena.
Reference gas (a) Nitrous oxide R.
Reference gas (b) A mixture containing 5.0 per cent VIV of
nitrogen Rl and 95.0 per cent VIV of nitrous oxide R.
Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the contentof nitrous oxide in
the gas to be examined.

PhE" _

DEFINlTION
(EZ)-N-[2-[[[2-[(Dimethylamino)methyl]thiazol-4-yljmethyl)
sulfany I)ethylj-N'-merhyl-z-nitroethene-I, l-diamine.

76963-41-2331.5

Action and use
HistamineH2 receptor antagonist; treatment of peptic ulcer.
Preparation
NizatidineInfusion

actual nitrogen monoxide conleDI
indicated nitrogen monoxide content

Quenching correction factor
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Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Almost white or slightly brownish, crystalline powder.

Solubility
Sparingly soluble in water, soluble in methanol.

IDENTIFICATION
First identification: C.
Second identification: A, B, D.
A. Melting point (2.2.1,,>: 131 'C to 134 'C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 0.10 g in methanol R and dilute to
100.0 mL wirh the same solvent. Dilute 2.0 mL of the
solution to 100.0 mL with methanol R.
Spectral range 220-350 nm.
Absorption maxima At 242 om and 325 run.

Absorbance ratio A32s1Az42 = 2.2 to 2.5.
C. Infrared absorption spectrophotometry (2.2.2,,>.

Comparison nizatidine CRS.
D. 'Thin-layer chromatography (2.2.27).

Testsolution Dissolve 50 mg of the substance (0 be
examinedin methanol R and dilute to 10 m.L with the same
solvent.
Reference solution (a) Dissolve 50 mg of nizatidine CRS in
methanol R and dilute to 10 mL withthe same solvent.
Reference solution (b) Dissolve 50 mg of nizatidine CRS and
50 mg of ranitidine hydrochloride CRS in methanol Rand
dilute to 10 mL with the same solvent.
Plate TLC silica gelplate R.
Mobile phase water R, concentrated ammonia Rl,
2-propanol R, ethylacetale R (4:8:30:50 VIVIVIV).
Application 5 ~L.

Development Over 2/3 of the plate.

Drying In air.
Detection Expose to iodinevapouruntil the spots areclearly
visible. Examine in daylight.

SYStem suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y, (2.2.2, MethodII).
Dissolve 0.2 g in a 10 gIL solution of hydrochlori< acidRand
dilute to 20 mL withthe same solution.

pH (2.2.3)
8.5 to 10.0.

Dissolve 0.2 g in carbon dioxide-free water R and dilute to
20 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobilephaseA
(15:85 VIV).

Nizatidine 11-425

Test solution (a) Dissolve 50 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Testsolution (b) Dissolve 15.0 mg of the substance to be
examined in the solventmixture and dilute to 50.0 mL with
the solvent mixture.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixtwe.
Reference solution (b) Dissolve 15.0 mg of nizatidineCRS in
the solvent mixture and dilute to 50.0 mL with the solvent
mixture.
Reference solution (c) Dissolve 5 mg of the substance to be
examined and 0.5 mg of nizalidine impurity F CRS In the
solventmixture and dilute to 100.0 mLwith the solvent
mixture.

Reference solurion (d) Dissolve 5 mg of 2-(dimethylamino)
thioacetamide hydrochloride R (impurity H hydrochloride) in
the solventmixture and dilute to 10.0 rnL with the solvent
mixrure. Dilute 1.0 mL of the solution to 20.0 mL with the
solventmixture. Use 1.0 mL of this solution to dissolve 5 mg
of nizatidine for system suitalnlity CRS (containing impurities
A, B, C, D, G. J and K).

Column:
- size: 1 ;;;; 0.25 m, 0 ;;;; 4.6 mrn;
- stationary phase: octadecylsi1yl silica gelfor chromatography R

(5 pm).

Mobile phase:
- mobile phaseA: dissolve 5.9 g of ammonium acetate R in

760 mL of waterR, add I mL of diethylamine R, aod
adjust to pH 7.5 with acetic acidR;

- mobile phase B: methanol R;

Time MobUe phose A Mobile phBlleB
(min) (per cent PM (per cent VII?
0- 3 ., 15

3·20 85 ..... 50 15 ..... 50
20 - 45 '0 50

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 nm.
Injection 20 J1L of test solution (a) and reference
solutions (a), (c) and (d).

ldenufiauio» of impurities Use the chromatogram supplied
with nizatidine for system suitability CRS and the
chromatogram obtained with reference solution (d) to
identify the peaksdue to impurities A, B, C, D, G, H, Jand
K; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity F.
Relative retention Withreference to njzatidine (retention
time =about 18 min): impurity A =about 0.19;
impurity K = about 0.21; impurity H = about 0.5;
impurity B = about 0.6; impurity C = about 0.66;
impurity J = about 0.7; impurity D = about 0.75;
impurity F =about 1.03; impurity G =about 1.5.

System suitability:
- resolun'on: minimwn 2.0 between the peaksdue to

nizatidine and impurity F in the chromatogram obtained
with reference solution (c); minimwn 1.5 between the
peaksdue to impurities A and K in the chromatogram
obtained with reference solution (d).

Limits:
- comction factors: for the calculation of content, multiply

the peakareas of the following impurities by the
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corresponding correction factor: impurity B = 1.7j

impurityD = 2.3; impurity H =0.5;
- impurities A, B, C, D, F, GJ H, J, K: for each impurity,

not more than 3 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.3 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
withreference solution (a) (0.10 per cent);

- UJta1: not more than 15 times the area of the principal
peak in the chromatogram obtained with reference
solution (e) (1.5 pet cent);

- disregard limIt: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications"
Mobile phase Mobile pbase B, mobile phase A (35:65 VW).
Injection Test solution (b) and reference solution (b).

Retention time Nizatidine = 9 min.

Calculate the percentage content of CI2H21N502S2 taking
into account the assigned content of nizatidine CRS.

IMPURITIES
Spedfied impurities A, B, C, D, F, G, HJ J, K.
Other detectable im[>UJ'itks (thefolibwing substances would, if
presen: at a sufficient level, be deteaed by one or other of the tests
in the monograph. Theyare limited by thegeneral a«eptance
cntetion for otherlunspe<1jied impurities and/or by thegeneral
monograph Substances for phannaceutical use (2034). It is
therefore not neussary to identify these impurities for
demonstration of comp/iane<. See also 5.10. Cantrol of impuniies
in substances for phamrauutical use) E, 1.

A. N,N' -dimethyl-z-nitroethene-I, l-diamine,

B. (EZ)-N-methyl-I-(methylsulfanyl)-2-nitroethen-l-amine,

C. (EZ)-N-[2-[[[2-[(dimethylamino)methyl]thiazol-4-yl]
methyl]sullinyl)ethyl)-N'-merhyl-z-nhroethene-Lt­
diamine,

2022

D.2-[[(2-[(dimedlylamino)methyl]thiazol-4-yl]methyl)
sulfanyl] ethanarnine,

E. N-[2-[[[2-[(dimethylamino)methyl]thiazol-4-yl)methyl)
sulfanyl]ethyl)-2-nitroacetamide,

OzN s\ N02

\ ,----! 0N 1
}-NH S~s CH

H,C-NH ~~ ~"

F. (EZ)-N-methyl-N'-[2-[[[4-[[[2-[[(EZ)-I-(methylamino)-2­
nitroethenyl]amino] ethyl)sulfanyl]methyl] thiazol-2-yl)
methyl] sulfanyl]ethyIJ-2-nitroethene-l, l-diamine,

G. N,N'-bis[2-[[[2-[(dimethylamino)methyl]thiazol-4-yl]
methyl] sulfanyl)ethyl)- 2-nitroethene-l, l-diamine,

H.2-(dimethylamino)thioacetamide,

J. N-[2-[[[2-[(dimethylamino)methyl]thiazol-4-yl]methyl]
sulfanyl]ethyl]-N'-methylurea,

J. [2-[(dimethylamino)methyl]thiazol-4-yl]methanol,

K. 3-(methylamino)-5,6-dihydro-2H-l,4-thiazin-2-one oxime.
___________________ PIlE,;
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PhE« _

ASSAY
Liquid chromatography (2.2.29) as described in rhe rest for
related substances with the following modifications:
Detection Spectrophotometer at 290 om.

Injection Test solution and reference solution (a).
Calculate the percentage contentof C23H300" taking into
account the assigned contentof nomegestrol acetale for ID and
assayCRS.

STORAGE
Protected from light.

IMPURITIES
Specified i",puniiM A, B.

- stationary phase: end-capped ocrodecylsilyl silica gelfor
chromatography R (5 urn).

Mobile phase acetonitrile for chromawgraphy R, methanol Rl,
waterfor chromatography R (24:38:38 VIVIr-).

Flow rate 1.3 mUmin.

Detection Spectrophotometer at 245 om and at 290 run.
Injection 10,n.. of the test solutionand reference
solutions (b), (c), (d).

Run time 1.5 times the retention rime of nomegesrrol
acetate.
Identification of impun·ties Use the chromatogram obtained
with reference solution (c) at 245 nrn to identify thepeak
due to impurity A; use the chromatogram obtainedwith
reference solution (d) at 290 run to identify the peakdue to

impurity B.

Relativeretention Withreference to nomegestrol acetate
(retention time = about 17 min): impurity B :::: about O.6j
impurity A = about I. I.
System suitability Reference solution (c) at 245 om:
- peak-w-valfey ratio: minimum 5, where Hp = height above

rhe baseline of rhe peak due ro impurity A and
H; :::: height abovethe baseline of the lowestpoint of me
curve separating this peakfrom the peakdue to
nomegestrol acetate.

Calcalalion ofpercenrage contenrs:
- for each impurity at 245 nm, use me concentration of

impurity A in reference solution (c);
- for each impurity at 290 run) use the concentration of

nornegestrol acetate in reference solution (b).
Limits:
- impurity A at 245 nm: maximum 0.2 per cent;
- impurity B at 290 nm: maximum 0.15 per cent;
- unspedfied impun"ties at 245 nm and at 290 nm: for each

impurity, maximum 0.10 per cent;
- sum of impun·ties other than A at 245 nm and 290 nm:

maximum 0.3 per cent;
- reponing threshold at 245 nm and at 290 nm: 0.05 per cent,

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

A. 6oc-methyl-3,2o-dioxo-19-norpregn-4-en-17-yl acetate,

**** ** ** ****

58652-20-3370.5

CH,

(Ph. Ear. monograph 1551)

Nomegestrol Acetate

Action and use
Progestogen.

DEFINITION
6-Methyl-3,20-dioxo-19-norpregna-4,6-dien-17-yl acetate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in acetone,
soluble in ethanol (96 per cent), practically insoluble in
heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nomegestroi acerate for ID and assayCRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
rhan reference solution Y5 (2.2.2, Merhod 11).

Dissolve 1.0 g in mechylene chloride R and dilute to 10 mL
withthe sante solvent.

Specillc optical rotation (2.2.7)
-64.0 to -60.0 (dried substance),

Dissolve 0.500 g in anhydrous ethanol Rand dilute to
25.0 rnL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in methanol R and dilute to 50.0 mL with the same
solvent.
Reference solution (a) Dissolve 25.0 mg of nomegestrd acerate
for ID and assayCRS in methanolR aod dilute to 50.0 mL
with the same solvent.
Reference solution (b) Dilute 1.0 mL ofrhe rest solution to
100.0 mL with rhe mobile phase. Dilute 1.0 mL of rhis
solution to 10.0 mL with rhe mobile phase.

Reference solution (c) Dissolve 25.0 mg of nomegestrol acerate
imparity A CRS in mechanol R and dilute to 100.0 mL wirh
the same solvent. Dilute 0.25 mL of rhe solution ro 25.0 mL
with reference solution (a).
Reference solution (d) Dissolve the contentsof a vial of
nomegestroi acetate impurity B CRS in I mL of m<Chanol R.

Column:
- size: I:::: 0.25 m, 0 =4.6 mm;
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o
CH,

B. 17-hydroxy-6-methyl-19-norpregna-4,6-diene-3,20-dione
(nomegestrol).

2022

Water (2.5.12)
Maximum 0.5 percent, determined on 2.00 g.
Total ash (2.4.16)
Maximum 0.4 per cent, determined on 1.0 g.

STORAGE
In an airtight container.
___________________ PhE"

____________________ "'E"

Nonoxinol9
(ph. Bur. monograph 1454)

Action and use
Spermatocide.

**** ** ** ****

Noradrenaline Acid Tartrate I
Norepinephrine Acid Tartrate
(Noradrenaline Tamate, Ph. Bur. monograph 0285)

"'E" _
DEFINITION
(1R)-2-Amino-I-(3,4-dihydroxyphenyl)ethanol hydrogen
(2R,3R)-2,3-dihydroxybutanedioate monohydrate.

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
A. Dissolve 2 g in 20 mL of a 5 gIL solution of sodium
metabisu1jite R and make alkaline by addition of ammonia R.
Keep in iced water for 1 h and filter. Reserve the filtrate for
identification test C. Wash the precipitate with3 quantities,
each of 2 mL, of waterR, then with 5 mL of ethanol
(96 perem!! R and finally with 5 mL of methylene chloride R
and dry in vacuo for 3 h. The specific optical rotation (2.2.7)
of the precipitate (noradrenaline base) is -48 to -44,
determined using a 20.0 gIL solution in 0.5 M hydrochloric
acid.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs of noradrenaline base prepared as
described in identification test A.
Comparison Use noradrenaline baseprepared as described
in identification testA from a suitable amount of
noradrenaline tartrate CRS.
C. 0.2 mL of the filtrate obtained in identification test A .
gives reaction (b) of tartrates (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not moreintensely coloured
than reference solution BY, (2.2.2, Mellwd1l).

"'E" _

DEFINITION
a-(4-Nonylphenyl)-<o-hydroxynona(oxyethylene).

Mixture consisting mainly of monononylphenyl ethers of
macrogols corresponding to the Cannula: C9H19C6H4­
[OCHz-CH21.-0H where the average value of n is 9. It may
contain free macrogols.

CHARACTERS
Appearance
Clear, colourless or lightyellow, viscous liquid.

Solubility
Miscible with water, with ethanol (96 per cent) and with
vegetable oils.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison nonoxino/ 9 CRS.
Preparation Film berween sodium chloride R plates.
B. Cloud point (see Tests),

TESTS
Acidity or alkal1n1ty
Boil 1.0 g with 20 mL of carbon dioxide-free waterR for
1 min, with constant stirring. Cool and filter. To 10 mL of
the filtrate, add 0.05 mL of bromotlrymol blue sohuion R1.
Not more than 0.5 mL of 0.01 M hydrochlori< acidor 0.01 M
sodium hydroxide is required to change the colour of the
indicator.
Hydroxyl value (2.5.3, MethodA)
84 to 94.

Cloud point
52 ·C to 58 ·C.

Dissolve 1.0 g in 99 g of water R. Transfer about 30 mL of
thissolution into a test-tube, heat on a water-hath and stir
continuously until me solutionbecomes cloudy. Remove the
test-rube from the water-bath (ensuring that the temperature
does not increase to more than 2°C) and continue to stir.
The cloud point is the temperature at which the solution
becomes sufficiently dear that the entire thermometer bulb is
plainly seen.
Ethylene oxide and dloxan (2.4.25)
Maximwn 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

337.3

Action and use
Alpha-adrenoceptor agonist.

Preparation
Noradrenaline InjectionINorepinephrine Injection

108341-18-0

www.webofpharma.com



2022

Dissolve 0.2 g in waterR and dilute to 10 mL with the same
solvent. Examine the solution immediately.

Related substances
Liquid chromatography (2.2.29). Protect the solutionsjrom air.
Remove oxygen from the mobile phases with nitrogen R
immediatdy before use. Ful up theflasks.

Test soluuOn Dissolve 0.20 g of the substance to be
examined in mobile phase A and dilute to 50 mL with
mobile phase A.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL withmobilephase A.
Reference solution (b) Dissolve 10 mg of the substance to be
examined in 5 mL of 0./ M hydrochloric acid. To I mL of
this solution add 0.1 mL of strong hydrogen peroxide solution R
and expose to UV lightat 254 run for 90 min. Dilute to
10 mL with mobilephase A. The degradation of
noradrenaline produces 2 peaks, one with a relative retention
of about 1.2 (unidentified compound) and the other with a
relative retention of about 1.5 (impurity B). Use this solution
to identify the peak due to impurity B.
Reference solution (c) Dissolve 7.5 mg of noradrenaline
impurity D CRS and 5 mg of noradreualine impurity E CRS in
mobile phase A and dilute to 100 mL with mobile phase A.
Reference solution (d) Dissolve 5 mg of norodreualine
impurity F CRS in mobile phase A and dilute to 10 mL with
mobilephase A. To 1 mLof this solution) add 1 mL of
reference solution (c) and dilute to 20 mL with mobile
phase A.
Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- sta,;onary phase: end-capped monolithic ocradecylsilyl

silicagel for chromatography R;
- temperature: 25°C.
Mobue phase:
- mobJe phaseA: dissolve 0.50 g of sodium heptanesulfonaie R

in water for chromatography R and dilute to 1000 mL with
the same solvent; adjust to pH 2.2 withphosphon"c acid R;

- mobue phase B: dissolve 0.25 g of sodium heptanesulfona" R
in water for chromatography R and dilute to 500 mL with
the same solvent; add 500 mL of auwnitrile for
chromatography R and adjust the apparent pH to 2.4 with
phosphoric acidR;

Time MobUe phase A Moblle phase B Flow rate
(min) (per eent VIJI) (per cent VM (mIJmIn)

0-2.0 98 2 1.5
2.0 - 17.0 98 ---> 70 2 ---> 30 1.5

17"0 - 24.0 70 ---> 50 30 ---> 50 1.5
24.0 ~ 24.1 50 --> 0 50 ...... 100 1.5 --> 4.0
24.1 - 28.0 0 100 4.o
28.0 - 28.1 0--->98 100 --> 2 4.o
28.1 - 30.0 98 2 4.0 --> 1.5

Detection Spectrophotometer at 280 om, except for
impurity F: spectrophotometer at 254 om.
Injection 20 tIL of the test solution and reference
solutions (a), (b) and (d).

Relative retention Withreference to noradrenaline (retention
time = about 3 min): impurity B = about 1.5;
impurity D = about 2.8; impurity E = about 3.0;
impurity F = about 6.9.

Noradrenaline Acid Tartrate 11-429

System mitabi/iry Reference solution (d):
- resolution: minimum 1.5 between the peaksdue to

impurities D and E.
Limits:
- correaion faaon: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B = 0.3;
impurity E =0.3; impurity F =1.5;

- impurity F at 254 tim: not more thanthe area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- impun"ties B, D, Eat 280 nm: for each impurity, not more
than the area of me principal peakin the chromatogram
obtainedwith reference solution (a) (0.1 per cent);

- unspecified impurities at 280 nm: foreach impurity, not
more than the area of the principal peak ln. the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- sum of the impurities at 280 nm and impurity F at 254 nm:
maximum 0.3 per cent;

- disregard limit at 280 nm: 0.5 times the area of the
principal peakin the chromatogram obtained with
reference solution (a) (0.05 per cent).

water (2.5./Z)
4.5 per cent to 5.8 per cent, determined on 0.500 g.

Sulfaled ash (2.4. /4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of anhydrous acetic acid R) heating
gently if necessary. Titratewith 0.1 M perchlon·c acid using
0.1 mL of crystal violet solution R as indicator, until a bluish­
greencolour is obtained.
I mL of 0./ M perdlloric acid is equivalent to 31.93 mg
of C12H I7N09"

STORAGE
In an airtight container or preferably in a sealed tube under
vacuum or under an inertgas, protectedfrom light.

IMPURITIES
Specified impurities B, D, E, F.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
ctitetion for other/unspecified impun·ties andJor by thegeneral
monograph Substances for phannaceutical use (2034). It is
therefore notnecessary to iden#/y these imJnm·ties for
demonstration of compliance. Seealso5.10. Control of impurities
in substances forpharmaceutical use) A, C, G.

if
H, OH H

HO ",,:::::' N,
I ell,

HO -'"

A. 4-[(IR)-I-hydroxy-2-(methylamino)ethyl] benzene-l,2-diol
(adrenaline),

o ,

HO~NH,

HO~

B. 2-amino-I-(3,4-dihydroxyphenyl)ethanone
(noradrenalone),
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____________________ PhEII

PhEII _

It becomes coloured on exposure to airand light.

IDENTIFICATION
A. Specific optical rotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs of noradrenaline base prepared as follows.
Dissolve 2 g in 20 mLof a 5 gILsolution of sodium
metabisulfite R and make alkaline byaddition of ammonia R.
Keep in iced water for 1 h and filter. Wash the precipitate
with 3 quantities, each of 2 mL, of waterR, then with 5 mL
of ethanol (96 perten!! R and finally with 5 mL of methylene
chloride R and dry in vacuo for 3 h.

Comparison Use noradrenaline base prepared as abovefrom
a suitable amount of noradrenaline tartrate CRS.
C. 0.2 mL of solution S (see Tests) gives reaction (a) of
chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.500 g in carbon dioxide-free waterR and dilute [0

25.0 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
man a mixture of 0.2 mL of blueprimary solution, 0.4 mL
of yeUow primary solution, 0.4 mL of red primary solution
and 9 mL of a 13.7 per cenr VIV solution of diluu
hydrochloric add R (2.2.2, MethodII).
Dissolve 0.2 g in carbon dioxide-free waterR and dilute to
10 mL with me same solvent. Examine the solution
immediately.

pH (2.2.3)
3.5 to 4.5 for solution S.

Specific optical rotation (2.2.7)
-37 to --4I (anhydrous substance), determined on solution S.

Related substances
Liquid chromatography (2.2.29). Protect the solutions from air.
Removeoxygen from the mobile phases with nitrogen R
immediautybefore use. Fillup theflasks.
Test solution Dissolve 0.125 g of the substance to be
examinedin mobilephaseA and dilute to 50 mL with
mobile phase A.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solution (b) Dissolve 10 mg of the substance to be
examined in 5 mL of 0.1 M hydrochloric acid. To I mL of
this solution add 0.1 mL of strong hydrogen peroxide solution R
and expose to UV light at 254 nm for 90 min. Dilute to
10 mL with mobile phase A. The degradation of
noradrenaline produces 2 peaks, one with a relative retention
of about 1.2 (unidentified compound) and the other with a
relative retention of about 1.5 (impurity B). Use this solution
to identify the peak due to impurity B.

Reference solution (c) Dissolve 7.5 mg of noradrenaline
impurityD CRS and 5 mg of noradrenaline impurity E CRS in
mobile phase A and dilute to 100 mL with mobile phase A.

Reference solution (d) Dissolve 5 mg of noradrenaline
impuniy F CRS in mobile phase A and dilute to 10 mL with
mobile phase A. To I mL of this solution, add I mL of
reference solution (c) and dilute to 20 mL with mobile
phase A.

Column:
- size: 1= 0.10 ID, 0 = 4.6 nun;

329-56-6205.6

H OH

Hoif""\ NH, . Hel

HO A'

CsH12CINO,

Action and use
Alpha-adrenoceptor agonist.

Noradrenaline Hydrochloride I
Norepinephrine Hydrochloride
(Noradrenaline Hydrochloride, Ph. Eur. monograph
0732)

HO~NH'

HOA./

F. N-benzyl-l-phenylmerhanamine,

E. 2-chloro-I-(3,4-dihydroxyphenyl)ethanone,

o

HO~CI

HO~

D. 4 [(IR)-2-amino-I-methoxyethyl]benzene-1 ,2-diol
(noradrenaline methylether),

C. 4-(2-aminoethyl)benzene-I,2-diol (dopamine),

G.2-(dibenzylamino)-I-(3,4-dihydroxyphenyl)ethanone.

H O-CH3

HO~NH'

HO~

DEFINITION
(1R)-2-Amino-I-(3,4-dihydroxyphenyl)ethanol hydrochloride.

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor brownish-white, crystalline powder.

Solubillty
Very soluble in water, slightly soluble in ethanol
(96 per cent).
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- stationary phase: end-capped monolithic octadecylsilyi
silica gel for chromatography R;

- temperature: 25 "C.

i\tfobi!e phose:
- mobue phaseA: dissolve 0.50 g of sodium heptanesvlfonou R

in waterfor chromatography R and dilute to 1000 mL with
the same solvent; adjust to pH 2.2 with phosphoric acidRj

- moM, phaseB: dissolve 0.25 g of sodium hepumesu/fonale R
in waterfor chromatography R and dilute to 500 mL with
the same solvent; add 500 rnL of acetonitrile for
chromatography R and adjust the apparent pH to 2.4 with
phosphoric acid Rj

Time Mobile phase A Mobile phase B flow rate
(min) (per cent JIll') (per cent JIm (mIJrnIn)

0-2.0 98 2 1.5

2.0 - 17.0 98 -> 70 2 ---> 30 1.5

17.0 _ 24.0 70 ---> 50 30 -> 50 1.5

24.0 - 24.1 50 ---> 0 50 ---> 100 1.5 ....... 4.0

24.1 - 28.0 0 100 4.0

28.0 - 28.1 0 ....... 98 100 ---> 2 4.0

28.1 - 30.0 98 2 4.0 -> 1.5

Detection Spectrophotometer at 280 run, except for
impurity F: spectrophotometer at 254 nm.

Injection 20 J,l1. of the test solution and reference
solutions (a), (h) and (d).

Relatiue retention With reference to noradrenaline (retention
time =about 3 min): impurity B =about 1.5;
impurity D =about 2.8; impurity E =about 3.0;
impurity F =about 6.9:

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities D and E.
Limhs:
- correction foaan: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B = 0.3;
Impurity E =0.3; impurity F =1.5;

- impurityD at 280 nm: not more than 5 times the area of
the principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impun"cy F at 254 nm: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- impurities B, E at 280 nm: for each impurity) not more
than the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- unspecified impurities at 280 nm: for each impurity) not
more than the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- sum of impurities ocher than D at 280 nm: not more than
twice the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.2 per cent);

- sum of the impun·ties at 280 nm and impun·ry F at 254 nm:
maximum 0.7 per cent;

- disregard limit at 280 nm: 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent) determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Noradrenaline Hydrochloride 11-431

ASSAY
In order to avoid overheating in thereaction medium, mix
thoroughly throughout and stop the titration immediauly after the
end-point has been reached.

Dissolve 0.180 g in 50 mL of acetic anhydride R and add
10 mL of anhydrous formic acidR. Titrate with 0.1M
perchlotic acid,determining the end-point potentiometrically
(2.2.211).

I mL of 0.1 M perclJlmic acid is equivalent to 20.56 mg
of C.H.2CINO,.

STORAGE
In an airtight container) or preferably in a sealed tube under
vacuum or under an inert gas, protected from light.

IMPURITIES
Spedfied impurities BJ D, E, F.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimited by the general auepUlnce
cruetion for other/unspecified impun·ties and/or by thegeneral
monograph Substances for pharmaceutical us, (2034). It is
therefore not necessary to identify these impun·ties far
demonstration of compliance. See also 5.10. Control of impun'ties
in substances for pharmaceutical use) A J C, G.

HOifH\OH~,
I CH,

HO ""

A. 4-[(IR)-I-hydroxy-2-(methylamino)ethyl]benzene-I,2-diol
(adrenaline),

o
HO~NH,

HO)l)

B. 2-antino-I-(3,4-dihydroxyphenyl)ethanone
(noradrenalone),

HO~NH2

HO.Jl./

C. 4-(2-aminoethyl)benzene-I,2-diol (dopamine),

H OCH3

HO~NH,

HO)l)

D.4-[(IR)-2-antino-I-methoxyethyl]benzene-I,2-diol
(noradrenaline methyl ether), l

o
HO~CI

Ho)l)

E. 2-cWor<>-I-(3,4-dihydroxyphenyl)ethanone,

F. N-benzyl-I-phenylrnethanamine,

www.webofpharma.com



11-432 Norethisterone 2022

G.2-(dibenzylamino)-I-(3,4-dibydroxyphenyl)ethaoone.
____________________ PhE..

Reference solutioll (b) Dilute 1.0 mL of the test solution to
100.0 mL with a mixture of 40 volumes of waterRand
60 volumes of acetonitrile RI. Dilute 1.0 mL of this solution
to 10.0 mL with a mixture of 40 volumes of waterRand
60 volumes of acetoniuile RI.
Column:
- size: 1= 0.15 m, 0 = 4"6 mrn,
- stationary phase: spherical end-capped lXly/silyl sili<a gelfor

chromatography R (5 um),

Mobile phase:
- mobile phaseA: waterR;
- mobile phaseB: <Ue/Qllini1e Rl;

PhE.. _

DEFINITION
17-Hydroxy-19-nor-17a-pregn-4-en-20-yn-3-one.

Content
98.0 per cent to 101.0 per cent (dried substaoce).

CHARACTERS
Appearance
White or yeUowish-white, crystalline powder.
Solubility
Practically insoluble in water, soluble in methylene chloride,
sparingly soluble in acetoneand in anhydrous ethanol.

IDENTIFICATION
Iofrared absorption spectrophotometry (2.2.24).

Comparison norethisterone CRS.

TESTS
Specific optical rotation (2.2.7)
-32.0 to -37.0 (dried substaoce).

Dissolve 0.250 g iIl~'acetone R and dilute to 25.0 mL with the
samesolvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in a mixture of 40 volumes of water Rand
60 volumes of acetonitrile Rl and dilute to 10.0 mL with the
same mixture of solvents.

Reference solution (a) Dissolve 5 mg of norethiuerone for
system suitability CRS (containing impurities AJ B, C, D, E,
F, G and H) in a mixture of 40 volumes of waterRand
60 volumes of aceumiuile Rl aod dilute to 2.0 mL with the
samemixture of solvents.

Tbn. MobUe phase A Mobile phase B
(mln) (per cent VIJ.I) (per cent V/l?
0-20 63 31

20 - 25 63 --> 20 37 --> 80

25 - 35 20 80

Flow rale 1.0 mUmin.
Detection Variable wavelength spectrophotometer capable of
operating at 254 nm and at210 nm.

Injection 20 ~L.

Identification of impurities Use the chromatogram obtained
with reference solution (a) and the chromatogram supplied
with norethisterone for system suitability CRS to identify the
peaks due to the impurities A, B, CJ D, E, FJ G and H.
Relative retention at 254 11m Whh reference to norethisterone
(retention time = about 10 min): impurity H =about 0.3;
impurity A =about 0.8; impurity B =about 0.9;
impurity G =about 1.5; impurity C (at
210 nm) =about 1.6; impurity D (at 210 nm) =about 1.7;
impurity E =about 2.3; impurity F =about 2.4.

System suitability Reference solution (a) at 254 om:
- resolution: baselineseparation between the peaks due to

impurity B and norethisterone;
- peak-ro-val/ey ratio: minimum 1.2, where Hp =height

above the baseline of the peak due to impurity A and
H; = height above the baseline of the lowestpoint of the
curveseparating this peakfrom the peakdue to
impurity B.

Limits Spectrophotometer at 254 om:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 2.5;
impurity E = 0.7; impurity F = 1.4; impurity H = 1.7;

- impurities E, GJ H: for each impurity, not more than twice
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- impun"lies A, B, F: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0"1 percent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 percent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

68-22-4298.4

CH

/fI

&p
CH

' ; OH

H H
i ;
H H

o '"'"

Action and use
Progestogen.

Preparations
Norethisterone Tablets
Estradiol and Norethisterone Tablets

(Ph. Eur. mOllograph 0234)

Norethisterone
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Limits Spectrophotometer at 210 run:
- impurities C, D: for each impurity, not more than twice

the area of the principal peak in the chromatogram
obtained withreference solution (b) (0.2 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g bydrying in
an oven at 105°C for 3 h.

ASSAY
Dissolve 0.200 g in 40 mL of tetrahydrofuran R. Add 10 rnL
of a 100 gIL solution of silvernitrate R and titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Rinsethe electrode with acetone R
after each titration.
I mL of 0.1 M sodium hydroxide is equivalent to 29.84 mg
of C2oH2602'

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H.

CH
/fI

fiBP
CH3.' OH

H H
i i
H H

Odd

A. 17-hydroxy-19-nor-17IX-pregna-4,6-dien-20-yn-3-one,

Ji813
CH30

. H H
; i
H Ii

o d

B. estr-4-ene~3,17-dione (norandrostenedione),

CH

JiBP
CH, f

OH
H H, ,, ,

H H

o """

Norerhisterone Acetate 11-433

F. 3-ethoXY-19-nor-17IX-pregna-3,5-dien-20-yn-17-01,

~
CH3?H CH

H H

h ~
o d

G. 17-hydroxy-19-norpregn-4-en-20-yn-3-one (17 -epi­
norethisterone),

CH
/fI

DtfP
CH3.' OH

H H

i i
H H

o ,
H' OH

H. 6p,17-dihydroxy-19-nor-17IX-pregn-4-en-20-yn-3-one (6P­
hydroxynorethisterone).

___________________ PhE<I

Norethisterone Acetate
(ph. Bur. monograph 0850)

340.5 51-98-9

C. 17-hydroxy-19-nor-17IX-pregn-5-en-20-yn-3-one,

CH
/fI

CH3 :

DEPOH

o

D. 17-hydroxy-19-nor-17IX-pregn-5(10)-en-2Q-yn-3-one,

CH
/fI

CH3 "
. OH

E. 3-ethynyl-19-nor-17IX-pregna-3,5-dien-20-yn-17-01,

Action and use
Progestogen.

Preparation
Estradiol and Norethisterone Acetate Tablets

PhE" _

DEFINITION
3-0xo-19-nor-17IX-pregn-4-en-20-yn-17-yl acetate.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor yellowish-white, crystalline powder.

Solubility
PracticaUy insoluble in water, freely soluble in methylene
chloride, soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
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Comparison norahisterone cuetate CRS.
If the spectra obtained show differences, dissolve the
substance to he examined and the reference substance
separately in methylene chloride R, evaporate to dryness on a
water-bathand recordnew spectra using the residues.

TESTS
Specific optical rotation (2.2. 7)
-35 to -30 (dried substance).

Dissolve 0.500 g in anhydrous ethanol R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 25.0 mg of the substance to be
examined in mobile phase A and dilute to 10.0 mL with
mobile phase A.

Test solurion (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with mobile phase A.

Reference solution (a) Dissolve the contents of a vial of
norethiuercne acetatefor systemmita/)ih'ty CRS (containing
impuritiesB, C, D, E, F, G and H) in 1.0 mL of mobile
phase A.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.
Reference solution (c) Dissolve 25.0 mg of norahiuerone
a«tate CRS in mobile phase A and dilute to 10.0 mL with
mobile phase A. Dilute 1.0 mL of the solution to 10.0 mL
with mobile phase A.

Columu:
- size: 1= 0.25 m, " = 4.6 rnm;
- suuionatyphase: base-deaaiooud end-eapped actaduy/silyl

sih'ca gelfor chromalOgraphy R (5 urn).

Mobile phase:
- mobile phase A: water for chromatography R, acetonitrile RI

(40:60 VIJI);
- mobile phase E: water for chromalOgraphy R, acetomtrle RI

(10:90 VIJI);

Time MobIle phase A Mobile phase B
(min) (per cent JlIJI) (per cent VII')

0-17 100 0

17 - 20 100 ..... 0 0 ..... 100

20 - 39 0 100

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 run and) for
impurities B and C) at 210 run.
Injection 20 flLof test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatograms supplied
with norethisterone acetate for system sut"tability CRS and the
chromatograms obtainedwith reference solution (a) to
identify the peaks due to impurities B, C) D + G, E, F
andR.

Relativeretention With reference to norethisterone acetate
(retention time = about 12 min): impurity F = about 0.4;
impurities D and G = about 0.6; impurity E = about 0.8;
impurity C = about 1.5; impurityB = about 1.6;
impurity R =about 2.8.

System suitability Referencesolution (a) at 210 run:
- peak-l<HJailey ratio: minimum 2.5, where Hp = height

above the baselineof the peak due to impurity C and
H; = height above the baseline of the lowest point of the

2022

curveseparating this peakfrom the peak due to
impurity B.

Calculation ofpercentage contents:
- correction faaon: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity C = 1.3; impurity F = 1.7;

- for each impurity, use the concentration of norethisterone
acetate in reference solution (b).

Limits:
- impun"ties B, C at 210 nm: for each impurity, maximum

0.3 per cent;
- impurities F, H: for each impurity, maximum 0.3 per cent;
- impuniy E: maximum 0.2 per cent;
- sum of impurities D and G: maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.0 per cent;
- reporting Ihreshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (c).
Calculate the percentagecontent of C22H2SOJ taking into
account the assigned content of norethisrerone acetate CRS.

IMPURITIES
Specified impurities B, C, D, E, F, G, H.
Other delectable impun'ties (thefollowing substances would, if
presem at a sufficiem level, be detected by oneor other of the tests
in themonograph. Theyare limited by thegeneral acceptance
critetion for other/unspecified impumies and/or by thegeneral
monograph Substances for pham.aceutiool use (2034). II is
therefore nOI necessary to idemify these impun"ties for
demonstration of compliance. See also 5.IO. ConlrOl of impun·.es
in substances forpharmaceutical use) A, 1,J.

CH
i#

oBP'H ~H'! OH

H H

o #

A. l7-hydroxy-19-not-17G<-ptegn-4-en-20-yn-3-one
(norethisrerone),

B. 3-oxo-19-nor-17G<-pregn-5(10)-en-20-yn-17-yl acetate,

C. 3-oxo-19-nor-17a-pregn-5-en-20-yn-17-yl acetate,
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o
dfFP

CH' O

H H

~ ~
o -'"

J. estr-4-ene-3,17-dione (norandrostenedione).
_____________________ Phf"

D. 6p-acetyl-3-oxo-19-nor-17e<-pregn-4-en-20-yn-17-yl
acetate,

E. 3,ZD-dioxo-19-nor-17a-pregn-4-en-17-yl acetate,

Norfloxacin
(Ph. Eur. monograph 1248)

Action and use
Fluoroquinolone antibacterial.

Preparation
Norfloxacin Tablets

319.3 70458-96-7

F. 6/l-hydroxy-3-oxo-I9-nor-17e<-pregn-4-en-20-yn-17-yl
acetate,

G. 3,6-dioxo-19-nor-17ct-pregn-4-en-20-yn-17-yl acetate,

H.3-(propan-2-yloxy)-19-nor-17e<-pregna-3,5-dien-20-yn-17­
yl acetate,

I. 3-elhoxy-19-nor-17et-pregna-3,5-dien-20-yn-17-yl acetate,

Phf" _

DEFINITION
1-Ethyl-6-fluoro-4-oxo-7-(piperazin-I-yl)-I>4­
dihydroquinoline-3-carboxylic acid.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or pale yellow, hygroscopic, photosensitive, crystalline
powder.

Solubility
Very slightly soluble in water, slightly soluble in acetone and
in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFlCATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nofioxacinCRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methylene chlcrUk R, evaporate to
dryness in a water-bath at 45 "C, dry in an oven at 105 "C
for about 1 h and record new spectra using the residues.

TESTS
Appearance of solution
Dissolve 0.5 g in a previously filtered 4 gIL solution of sodium
hydroxide R in me/hanoi R and dilute to 50 mL with the sarne
solution. The solution is not more opalescent than reference
suspension IT (2.1.1) and not more intensely coloured than
reference solution B7 (2.1.1, Method II).

Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, waterR adjusted to pH 2.0
with phosphoric acidR (5:95 VIV).
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Test solution Dissolve 20.0 mg of the substance to be
examined in 25 mL of the solvent mixture using sonication,
and dilute to 50.0 mL with the solvent mixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 4 mg of norjioxadnfor system
suitability CRS (containing impurities A, E and H) in 5 mL
of the solvent mixture using sonication, and dilute to 10 mL
with the solvent mixture.

Reference solution (c) Dissolve 4 mg of nofioxadn for peak
identification CRS (containing impurity K) in 5 mL of the
solvent mixture using sonication, and dilute to 10 mL with
the solvent mixture.

Column:
- size: I = 0.25 ill, 0 = 4.6 mrn;
- stationary phase: end-capped antidohexaduylsilyl ,,7ica gelfor

chromatography R (5 ~m);

- temperature: 60°C.

Mobile phase:
- mobile phaseA: waterfor chromatography R adjusted to

pH 2.0 with phosphoric acidR;
- mobile phaseB: acetonitrile R;

Time MobUe phase A MobUe phase B
(min) (per cent V/V) (per cent VIII)

0-5 95 5

5 - 7 95 --> 93
5 _ 7

7 - 10 93 --> 87 1 ...... 13

10 - 15 87 --> 47 13 --> 53

15 -20 47 -i 10 53 -i 90

Flow rate 1.4 mlJrnin.

Detection Spectrophotometer at 265 nm.

Injeaion 20~.

Identification of impun'ties Use the chromatogram supplied
with norfloxacin for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, E and Hi use the
chromatogram supplied with norfloxacin for peak
identification CRS and the chromatogram obtained with
reference solution (c) to identify the peak due to impurity K.

Relativeretention With reference to norfloxacin (retention
time =about II min): impurity K =about 0.6;
impurity E = about 0.97; impurity A :: about 1.5;
impurity H = about 1.6.

System suitabili~ Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurities A and H;
- peak-to-valleyratio: minimum 5.0, where Hp = height

above the baseline of the peak due to impurity E and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
norfloxacin.

Limits:
- impwities E~ K: for each impurity) not more than

1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);
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- unol: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 1.0 per cent) determined on 0.700 g. Use as the
solvent a mixture of 10 mL of anhydrous methanol R and
20 mL of formomide R.

Sulfated ash (2.4. I 4)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.240 g in 80 mL of anhydraus acetic acidR. Titrate
with 0.1 Atfpetcblotic acid) determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchloric add is equivalent to 31.93 mg of
C,oH1sFN,O,.

STOlMGE
In an airtight container) protected from light.

IMPURITIES
Specified impurities. E, K
Otherdetectable impumies (the following substanw would, if
present at a sufficienllevel~ be detected by one Or otherof the tests
in the monograph. They are limiud by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun'ties for
demonstration of romp/ian«. See also 5.10. ConlrOi of impurilres
in st,bscances for pharmaceutical use) A, B~ C, D~ F~ G~ H~

I, J.

(CH'

C'x:JC;lNI I
F "'" Co.H

o

A. 7-chloro-l-ethyl-6-fluoro-4-oxo-l,4-dihydroquinoline-3­
carboxylic acid)

B. 7- [(2-arninoethyl)arnino]-I-ethyl-6-fluoro-4-oxo-l,4­
dihydroquincline-3-carboxylic acid,

C. l-ethyl-4-oxo-6,7-di(piperazin-I-yl)-1,4-dihydroquinoline­
3-carboxylic acid,
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D. l_ethyl_6_fluoro_7_(piperazin_l_yl)quinolin-4(IHl-one,

E. 7-chloro-I-ethyl-4-oxo-6-(piperazin-I-yl)-1,4­
dihydroquinoline-3-carboxylic acid,

Norflurane II-437

J. 6,7-bis [4-(erhoxycarbonytlpiperazin-I-yl]-1-ethyl-4-oxo­
l,4-dihydroquinoline-3-carboxylic acid,

_~ PIlE"

K. 6-fluoro-I-methyl-4-oxo-7-(piperazin-I-yl)-I ,4­
dihydroquinoline-3-carboxylic acid.

PIIElI~ _

F. 6-chloro-I-ethyl-4-oxo-7_(piperazin_I_yl)_I,4­
dihydroquinoline-3-carboxylic acid,

G. l-ethyl-6-fluoro-7-(4_fonnylpiperazin-I-yl)-4-oxo-I,4­

dihydroquinoline-3-carboxylic acid,

Norflurane
(ph. Bur. monograph 2257)

Action and use
General anaesthetic.

102.0

**** ** ** ****

811-97-2

H. 7-[4- (ethoxycarbonyl) piperazin-I-yl)-l-ethyi-6-fluoro-4­
oxo-l,4-dihyd.roquinoline-3-carboxylic acid,

I. 7-chloro-6-[4-(ethoxycarbonYl)piperazin-l-ylj-l-ethyl-4­
oxo_I,4_dihydroquinoline_3_carboxylic acid,

DEFINITION
1,1,1,2-Tettafluomethane (lIFe 134a).

CHARACTERS
Appearance
Clear,colourlessgas, liquidunderpressure.

Solubility
A' 20 'C and at a pressure of 101 kPa, slightly soluble in
water, freely soluble in ethanol (96 per cent).

Reladve density
About 1.23 at 20°C, for the gas in me liquid phase.

bp
About -26 'C.
It is a hygroscopic, non-flammable gas.

IDENTIFICATION
Carry out either testA or test B.
A. Infrared absorption spectrophotometry (2.2.24). Cany out

the rest at acmosphem pressure.
Preparation Dilute the gas to be examined in nitrogen R
(approximately 20:80 VIV depending on the sensitivity of the
spectrophotometer).
Comparison Ph. Bur. reference spectrum of nofiurane.

B. Mass spectrometry (2.2.43).
Results The mass spectrum obtained with the gas £0 be
examined is similar to the mass spectrum of norflurane
shown in Figure 2257.-1.
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mIz

m(Olu) Ion mn HI (Oft) Ion

11.1 (CP]+- 82 2.1 (CFz-CHF]+'

100,0 {CHaF]+- 83 88.2 {CFa-CHaF]+

1.5 (CFa] +-' 100 0.3 (CFrCFt

13.2 [CHF2]+ 10' 0.• [CFrCHFt

7.4 (CF=CHF]+ 102 1.5 (CF3-CH2F)+'

72.9 [eF,)+-

Figure 2257.-1. - Mass spectrum of nor/lurane

TESTS
Acidity
Maximum 0.1 ppm, expressed as HCI.

Transfer 200 mL of deionised waterR previously neutralised
to bromocresol purple solution R to a glass washing bottle filled
with a distribution tube with a sintered-glass disc. Pass 750 g
of the gas to be examined through the water, at a rate of
about 60 Uh. Titrate with 0.02 M sodium hydroxide using
bromocresol purple solution R as indicator until the colour
changes from yellow to bluish-violet. Carry out a blank
titration using delonised waterR.
1 mL of O.OZ M sodium hydroxide is equivalent to 0.729 mg
of HCI.

Non-volatile matter
Maximum 50 ppm.

Carry out the test using a glass double-wall vessel (see
Figure 2257.-2).

Dry the removable part in an oven at 105 ± 2 °C for
30 min. Allow to cool in a desiccator and weigh to the
nearest 0.1 mg. Connect it to the vessel.

Weigh the gas cylinder to the nearest 1 g. Fill the vessel With
about 500 mL of liquefied gas and weigh the gas cylinder
again. Determine me mass of the sample by weight
difference. Using a suitable heating device such as a water­
bam, heat the removable part such that the sample
evaporates in about 2 h. Dry the removable part in an oven
at 105 ± 2 °C for 30 min. Allow to cool in a desiccator and
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70

PI mass of residue, in milligrams;
M mass of sample, in grams.

Figure 2257.-2. - Glass double-waU "",eI
Dimensions in miJ/imetre.s

weigh to the nearest 0.1 mg. Determine the mass of the
residue by weight difference.

Calculate the content of non-volatile matter in the gas using
the following expression:

Determine the concentration (VI))) of non-condensable gases
in the gas to be examined using the calibration curve
obtained with the reference gases.

Related substances
Gas chromatography (2.2.28), equipped with a gas valve
sampling system and a cryogenic unit, coupled with mass
spectrometry (2.2.43).

Gas to beexamined Connect the cylinder to the gas valve
sampling system and sample from the liquid phase. Then
evacuate the loop including the transfer line using a multiway
tap and a vacuum pump. Open the valves of the cylinder and
fill the loop cautiously with the gas to be examined.

Reference gas (a) Prepare a mixture in heliumfor
chromatography R of the impurities expected in the gas to be
examined (see Table 2257.-1) at a concentration of 2-6 ppm
each) always including impurity G.

Referencegas (b) Prepare a mixture ofFC 1318my/c
(impurity S) and FC 13I8myit (impurity 'I) in helium for
chromaUJgraphy R at a combined concentration of
approximately 20 ppm.

Reference gas (c) Prepare a mixture of CFC I 14
(impurity L) and HCC 40 (impurity W) in helium for
chromatography R at a concentration of approximately 1 ppm
each.

Reference gas (d) Prepare a 5-fold dilution of reference gas
(a) in helium for chramarography R.
Column:
- material: fused silica;
- size: 1= 60 m, 0 =0.18 rnm;
- stationary phase: cyanopropy/(3)pheny/(3)nretJu>/(94)

poIysiloxane R (film thickness I um),

Camer gas heliumfor chromarography R.
Flowrate 1.1 mllmin.

Split ratio 1:75.

Temperature:

50
~

I I

I I
I I
I I
I I
I I
I I
I I
I I

l )
"- '--, r-'

10

'"o
~

Detection Mass spectrometer; the following settings were
found to be suitable and are given as examples; if the
detector has different setting parameters) adjust the detector
settings so as to comply with the system suitability criteria:
- ionisation mode: electron impact (70 eV);
- trap CUJTenl: 0.2 rnA;
- mass range: 30-300 Da;
- scan rate: $ 0.2 slscan;
- temperature: ion source: 160°C; transfer line: 200 °C.

Injection 500 ~L.

Identification 0/ impurities Use the reconstructed ion
chromatogram obtained with reference gas (a) and the
information supplied in Table 2257.-1. .

System suilabiJilJ':
- resolution: minimum 1.4 between the peaks due to

FC 1318my/c (impurity S) and FC 1318my/t
(impurity 'I) in the chromatogram obtained with
reference gas (b);

Non-condensable gases
Maximum 1.5 per cent VIV.
Gas chromatography (2.2.28).

Gas UJbeexamined The sample is taken from the vapour
phase maintaining the cylinder in an upright position.
Evacuate the gas loop using a multiway tap and fill cautiously
with the gas to be examined.

Reference gases Mixtures of ambient air in helium for
chromatography R covering a concentration range of
0.5 per cent to 2.0 per cent.

Column:
- material: stainless steel;
- size: 1= 5 m, 0;;;: 2 mm;
- stationary phase: o"Y/JTOfJWnirri/sily/ silica gelfor

chromatography R (150-180 um).

Cartier gas helium fOT chromatography R.

Flowrate 21 mIlmin.

Temperature:
- column: 80°C;
- injection port: 150°C;
- detector: 180°C.

Detection Thermal conductivity.

Injection 150 J.lL loop injector.

Run lime 10 min.

Relative retention With reference to norflurane (retention
time =about 4 min): non-condensable gases == about 0.4.

Column

Injection port

Time
(min)

0-2

2·7.2

7.2 - 14

14-18.7

18.7 - 21.2

Temperature
("C)

-25

-25 -12

-12 15

15 250

250

150
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Table 2257.-1. - Norfiurane impurities: quantification ions and relative retentions

2022

Impurity Code Structure .11, Quantification ion (mla) Relative retention

p CFC 13 CCIFJ 104 69 0.71

QQ HFC 23 CHF, 70 51 0.73

IT HFC 1132a CH2=CF2 64 64 0.71

N CFC 115 CCIF2-CFj 154 85 0.77

D HFC 143a CH)-CF) 84 65169 lr 0.8/

SS HFe32 CHIF: 52 51133'" 0.81

II HFC 1123 CHF=CFz 82 63 0.82

MM HFC 125 CHFrCF] 120 101 0.84

T FC 1318my/t CFrCF=CF·CF) 200 131 0.84

S FC 1318my/c CFrCF=CF-CF) 200 131 0.87

Q CFC 21700 CF)-CCIF-CF) 204 85 0.93

KK HFC 1234yf CH2=CF..cF] 114 114 0.96

RR HFC 245cb CH)-CF1-CF) 134 65 0.98

Norflunme HFCH4a CHlF-CF] 102 83 j

R FC 11581 CBrFrCF) 198 119 1.03

H HFC 1225ytlc CHF=CF·CFj 132 Il3 J./O

E HFC 152a CHrCHF1 66 65 1.11

pp HFC 161 CH)-CH1F 48 33147* 1.11

1 !iFC 1243zf CH 2=CH-CF) 96 96 1.11

IL arc 1234ze CHF=CH-CFj 114 114 1.14

A CFC 12 CCI2Fz 120 85 1.17

C HFC 134 CHFrCHF;l: 102 51/83* 1.21

NN HFC 1336II1721c CF)-CH=CH-CF) 164 95 1.30

GG HCFC 22 CHCIF2 8. 51 t.sz

L CFC 114 CCIF2-CQF2 170 8S 1.63

M CFC 114a CCI2F-CF} 170 101/103* /.64

W HCC40 CHJCI 50 52 1.67

G HCFC 1122 CHCI=CF2 98 98 1.72

DD HCFC 124a CHFrCCIF2 136 101 1.77

B HCFC 124 CHCIF-CFJ 13. 67 1.87

HH HCFC31 CH2CIF 68 68 1.97

Y HCFC 1122a1c CHF=CCIF 98 98 2.03

0 CFC 12Bl CBrCIF2 \64 85 2.08

AA HCFC 113l1t CHCI=CHF 80 80 2.19

00 HFC 152 CH2F-CH2F 6. 33 2.41

FF HCFC 133a CH 2CI-CF,l 118 118 2.47

F CFC 1112a CCh=CF2 132 132 2.74

Z HCFC 113l1c CHCI=CHF 80 80 2.84

J CFC 11 CCIJF 13. lOl 2.97

CC HCFC 123a CHCIF·CCIF2 152 67 3.15

BB HCFC 123 CHCI:rCFJ 152 83 3.18
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2022 Norflurane 11-441

Impurity Code Structure ,1Ir Quantification ion (mlz) Relative retention

K CFC 113 CChF-CCIF2 186 151 1.18

X HCFC 1121/t CHCI=CCIF 114 114 3.25

V HCC30 CH2Ch 84 49 3.29

EE HCFC 132b CCIF2-CH2CI 134 99 3.32

U HeC H2O CHCI=CC12 130 95 3.59

* Depending on the actual chromatographic resohnion and potentially overlapping compounds, it may be necessary to select a different quantification ion.

- signa/-w-noise ratio: minimum 10 each for CFC 114
(impurity L) and RCC 40 (impurity W) in the
chromatogram obtained with reference gas (c).

SeJ«t;vity - co-ehuion Several impurities elute with a
resolution of less than 1; close inspection of the individual
ion traces is necessary to detect and quantify potential
co-eluting compounds; the relative retentions of these
compounds are indicated in italics in Table 2257.-1.

Before assessing the presence of individual impurities in the
reconstructed ion chromatogram, a suitable background
subtraction may be necessary. Two potential sources of
background have to be taken into account: use of cryo­
cooling (liquid carbon dioxide, mlz 44) and possible bleeding
of the column (siloxanes, several ions at mlz greater than
200).

If a peak is observed at a retention time where co-elution is
possible, the identification and quantification are applied. to
each of the co-eluting compounds.

Calculation ojpam per inillion «mtems:
- for impurities A, B, C, D, E, F, G, H and I, use the

concentration of the corresponding impurity in reference
gas (a);

- for the other impurities, use the concentration of
impurity G in reference gas (a);

- for the reporting threshold, use the concentration of
impurity G in reference gas (d).

Limits:
Saturated J'mpurities
- HFC 134 (impurity C): maximum 1000 ppm;
- HFC 1520 (impurity B): maximum 500 ppm;
- CFC 12 (impurity A), HCFC 124 (impurity B): for each

impurity, maximum lOa ppm;
- HFC 1430 (impurity D): maximum 50 ppm.

Unsaturated impurities
- CFC 11120 (impurity F), HCFC 1122 (impurity G),

HFC 1225yelc (impurity H), HFC 1243zf (impurity 1): for
each impurity, maximum 5 ppm.

Other detectable impurities
- othersaturated or unsaturated impuruies or unknow impuruies:

for each impurity, maximum 5 ppm;
- sum oj other detectable impu"iies: maximum 10 ppm.

Total
Maximum 1000 ppm.

Reporting threshold
1 ppm.

Water (2.5.32)
Maximum 10 ppm, determined on 30.0 g. Take care to avoid
uptakeof water by the gas to be examined during the test;
Transfer the gas to be examined in liquid phase from the
inverted steel cylinder to an evacuated sample can.
To transfer the sample, connect a metal tube with fittings at

one end to the cylinder valve, and at the other end to the
needle valve on the sample can.

IMPURITIES
Spedjiedimpurities A, B, C, D, E, F, G, H, 1.

Otherdetectable impurities (the Jollowing substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
crirerion forother/unspecified impwities and/or by the general
monograph Substances forpharmaceutical use (2034). It is
therefore not neassary to identify these impurities for
demonsrration of compliance: See also 5.10. Control of impurities
in substances forpharmaceutical use) J, K, L, M, N, 0, P,
Q, R, S, T, U, V, w:. x, Y, Z, AA, BB, ec, DD, EE, FF,
GG, HH, 11, 11, KK, LL, MM, NN, 00, Pp, QQ, RR, ss.

A. dichlorodifluoromethane (CFC 12 [75-71-8)),

H Cl
)( and en3llliomer

F CF3

B. (2RS)-2-cWoro-l,I,I,2-letraJIuoroethane (HCFC 124
[2837-89-0)),

FlyF
F

C. 1,1,2,2-tetrafluoroethane (HFC 134 [359-35-3)),

D. 1,1,I-trifluoroethane (lIFC 143a [420-46-2)),

)

E. 1,I-difluoroethane (lIFC 152a [75-37-6)),

F

c'0F
Cl

F. 1,I-dicWoro-2,2-difluoroethene (CFC 1112a [79-35-6)),

G.l-cWoro-2,2-difluoroethene (HCFC 1122 [359-10-4)),
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11-442 Norflurane

H. (1Z)-1,2,3,3,3-pentafluoroprop-I-ene (HFC 1225yelc
[5528-43-8]),

1. 3,3,3-trifluoroprop-I--ene (HFC 1243zf [677-21-4]),

J. trichlorofluoromethane (CFC 11 [75-69-4]),

CI Cl

F~CI
F F

K. 1,1,2-trichloro-I,2,2-trifluoroethane (CFC 113 [76-13-1]),

F FC,XxCl
F F

L. 1,2-dichloro-I,I,2,2-tetrafluoroethane (CFC 114 [76-14­
2]),

M.l,1-dichloro-l,2,2,2-tetrafluoroethane (CFC 114a
[374-07-2]),

N. l-chloro-I,I,2,2,2-pentafluoroethane (CFC 115 [76-15­
3]),

O. bromochlorodifluoromethane (CFC 12BI [353-59-3]),

P. chlorotrifluoromethane (CFC 13 (75-72-9]),

Q. 2-chloro-I,I,I,2,3,3,3-hep'afluoropropane (CFC 217ba
[76-18-6]), I,

R. l-bromo-I,I,2,2,2-pentafluoroethane (FC 115BI
[354-55-2]),

S. (2Z)-I,I,I,2,3,4,4,4-oetafluorobut-2-ene (FC 1318my/c
[1516-65-0]),

2022

F

F,C. .J.Y 'CF3
F

T. (2E)-I,1,l,2,3,4,4,4-octaft.uorobut-2-ene (FC 1318my!t
[1516-64-9]),

u. 1,I,2-tricWoroethene (trichloroethylene, HCC 1120
[79-01-6]),

V. dichloromethane (methylene chloride, HCC 30 [75-09­
2J),

W.chloromethane (methyl chloride, HCC 40 [74-87-3]),

X. (E)-1,2-dichloro-I-f1uoroethene (HCFC 11211,),

Y. (Z)+chloro-l,2-difluoroethene (HCFC 1122a1c [359-04­
6]),

('F
el

Z. (Z)-I-chloro-2-f1uoroethene (HCFC 11311c [2268-31-7]),

Cl-.../'F

AA. (E)-I-chloro-2-f1uoroethene (HCFC 1131/t [2268-32­
8]),

BB. 1,I-dichloro-2,2,2-trifluoroethane (HCFC 123 [306-83­
2]),

H Cl

F
X .C1, X andeoanllomer

F F

CC. (2R5)-1 ,2-dichloro-l,1,2-trifluoroethane (HCFC 123a
[354-23-4]),

F

F~CI
F F

DD. l-chloro-l,I,2,2-tetralluoroethane (HCFC 124a
[354-25-6]),
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EE. 1,2-dichloro-1,1-<lifluoroethane (HCFC 132b [1649-08­
7)),

Norgestimate 11-443

55. difluoromethane (HFC 32 [75-10-5)).
__________________~ PIlE"

FF. 2-chloro-I,I,I-trifluoroethane (HCFC 133a [75-88-7)),

CHClF2

Norgestimate
(ph. Bur. monograph /732)

**** ** ** ****

GG. chlorodifluoromethane (HCFC 22 [75-45-6)),

HH. chlorofluoromethane (HCFC 31 [593-70-4)),

F

FJ
. F

11. 1,1,2-trifluoroethene (HFC 1123 [359-11-5)),

JJ. 1,I-difluoroethene (HFC 1132a [75-38-7)),

KK. 2,3,3,3-tetrafluoroprop-I-ene (HFC 1234yf [754-12-1)),

IL. (lE)-1,3,3,3-tetrafluoroprop-1-ene (HFC 1234ze
[1645-83-6)),

MM. 1,1,1,2,2-pentafluoroethane (HFC 125 [354-33-6)),

NN. (2Z)-I,I,I,4,4,4-hexafluorobut-2-ene (HFC 1336mzz1c
[692-49-9)),

F~F

00. 1,2-difluoroethane (HFC 152 [624-72-6]),

~C"""""""F

PP. fluoroethane (HFC 161 [353-36-6]),

QQ. trifluoromethane (HFC 23 [75-46-7)),

X
H3C CF3

RR 1,1,1,2,2-pentafluoropropane (HFC 245cb [1814-88­
6)),

C,,H3INO, 369.5 35/89-28-7

Action and use
Progestogen.

PIlE" _

DEFINITION
(3EZ)-13P-Ethyl-3-(hydroxyimino)-18,19-dinor-17<x-pregn-4­
en-20-yn-17-yl acetate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solublllty
Practically insoluble in water, freely soluble in methylene
chloride, soluble in acetone.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison norgestimate CRS.

TESTS
Specific optical rotation (2.2.7)
+ 42.0 to + 50.0 (dried substance).

Dissolve 0.200 g in methylene chloride R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmixture water R, methanol R (1:4 VIII).

Tesr solution Dissolve 25.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solventmixture.
Reference solution (a) Dilute 2.0 rnL of the test solution to
100.0 rnLwith the solvent mixture. Dilute 1.0 rnL of this
solution to 20.0 mL with the solvent mixture.
Reference solution (b) Dissolve 2 mg of norgestimate for system
suitability CRS (containing impurity A) in 4 rnL of the
solvent mixture. -

Column:
- size: 1= 0.10 m, 0 = 4.6 Dlffij

- stationary phase: spherical end-capped octade<ylsiIyI silica gel
for chromatography R (5 um),

- temperature: 40 ·C.

iWobile phase acetonitrile R, tetrahydrofuran for
chromatography R, waterR (18:22:60 VIVIV).
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11-444 Norgestrel

Fknv rare 1.0 mVmin.

Detection Spectrophotometer at 244 run.

Injection 25 ~L.

Run time Twice the retention time of the (E)-isomer of
norgestimate.

Identification of impurities Use the chromatogram supplied
with norgestimate for system suitabj/ily CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity A.

Relativeretention Wilh reference to the (.E)-isomer of
norgestimate (retention time = about 14 min):
impurity A =about 0.7; (Z}-isomer of
norgestimate e about 0.9.

System suitability Reference solution (b):
- resolution: minimwn 1.5 betweenthe peaksdue to the (E)­

and (Z)-isomers of norgestimate.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of the (Z)-isomer ofnorgestimate by 1.33;
- impun"ty A: not more than twice the sum of the areas of

the peaks due to the (E)- and (Z)-isomers of norgestimate
in the chromatogram obtained with reference solution (a)
(0.2 per cent);

- unspecified impurities: for each impurity, not more than the
sum of the areas of the peaks due to the (E)- and
(Z)-isomers of norgestimate in me chromatogram
obtainedwith reference solution (a) (0.10 per cent);

- total: not more than 3 times the sum of me areas of the
peaks due to the (E)- and (Z}-isomers of norgestimate in
the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the sum of the areas of the peaks
due to the (E)- and (Z)-isomers of norgestimate in the
chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Ratio of (E)- to (Z}-isomers
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injeaion Test solution.
Calculate the (E)- to (Z}-isomer ratio by dividing the area of
the peak due to the (E)-isomer by 1.33 times the area of the
peak due to the (Z}-isomer. The ratio is 1.27 to 1.78.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 0.500 g by drying in
an oven at 105°C for 3 h.

2022

monograph Substances forphormaceuucal use (2034). It is
therefore not neussary to identify these impurities for
demonstration of compliance. Seealso 5.10. Control of impuriues
in substances for phamuueut;cal use) B, C, D.

otW
H' C r

0yCH,
H H

: j °
Ii Ii

o

A. 13~-ethyl-3-oxo-18,19-<1inor-17a-pregn-4-en-20-yn-17-yl
acetate (levcnorgesrrel acetate),

CH

otW
H' C if!

OH
H H

j ~

H H
o 4'

B. 13~-ethyl-17~-hydroxy-18,19-<1inor-17a-pregn-4-en-20­
yn-3-one (levonorgestrel),

otW
H' C IH

OH
H H

Ii H
HO'N d

C. (3E)-13~-ethyl-3-(hydroxyimino)-18,19-dinor-17a-pregn­
4-en-20-yn-17-01 «E)-norelgestromin),

otW
H' C IH

OH
H H

i j
H H

N 4'
I
OH

D. (3Z}-13Il-ethyl-3-(hydroxyimino)-18,19-dinor-17a-pregn­
4-en-20-yn-17-01 «Z}-norelgestromin).

___________________ PhEtr

ASSAY
Dissolve 0.300 g in 40 mL of retrohydrofuran R. Add 10 mL
of a 100 gIL solution of silver nwou R and titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.21J). Rinse the electrode with acerane R
after each titration.
If necessary, after several titrations re-equilibrate the
electrode in water R for 15 min to obtainsharper titration
curves.
I mL of 0.1 M sadium hydroxide is equivalent to 36.95 mg of
CZ,H3 1N 0 3 ·

IMPURITIES
Specified impurities A.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They are limited by the general a,,,,ptance
criterion for otherlunspedfied impurities and/orby the general

Norgestrel
(ph. Eur. monograph 0940)

CH

otW
H' C !OH

H : H ; andenantiomer

H H
o 4'

312.5

Action and use
Progestogen.

Preparation
Norgestrel Tablets

**** ** ** ****

6533-00-2
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2022 Nortriptyline Hydrochloride 11-445

"'E<I _

894-71-3299.8

(ph. Eur. monograph 0941)

Nortriptyline Hydrochloride

DEFINITION
3-( I 0, II-Dihydro-5H-dibenzo[a,d] [7)annulen-5-ylidene)-N­
methylpropan-l-amine hydrochloride.

Content
98.0 per cent to 101.0 percent (dried substance).

CHARACTERS
Appearance
Whiteor almost whitepowder.

Solubility
Sparingly soluble in water, soluble in ethanol (96 per cent)
and in methylene chloride.

IDENTIFICATION
A. Infrared absorption speetrophotometty (2.2.24).

Comparison nortriptyline hydrochloride CRS.
B. Dissolve 20 mg in 2 mL of water R, acidify with I drop of
dilute sulfuric acidR and add I mL of a 6.25 gIL solution of
silver sulfate R. Shake and allow to stand. A curdled, white
precipitate is formed. Centrifuge and washthe precipitate
with 3 quantities, each of I mL, of a 0.5 per cent VIV
solution of sulfuric acid R. Carry out this operation rapidly in
subdued light, disregarding the fact that thesupernatant
solution maynot become perfectly clear. Suspend the
precipitate in waterR and add ammonia R. Shake vigorously
for at least 1 min. The precipitate dissolves easily with the
possible exception of a few large particles whichdissolve
slowly.

TESTS
App~nceofs~utlon

The solution is clear (2.2./) and not moreintensely coloured
than reference solution B, (2.2.2, Method II).
Dissolve 0.5 g in water R withgentle heating and dilute to
25 mL with the same solvent.

Acidity or alkalinity
Dissolve 0.2 g with gentle heating in carbon dioxide-free
water R and dilute to 10 mL with the samesolvent.
Add 0.1 mL of methylred solution Rand 0.2 mL of 0.01 M
sadium hydroxide. The solution is yellow. Add 0.4 mL of
0.01 M hydrochloric acid. The solution is red.

Related substances
Liquid chromatography (2.2.29). Protea thesolutions from
lighr.

Action and use
Monoamine reuptake inhibitor; tricyclic antidepressant.

Preparations
Nortriptyline Capsules

Nortriptyline Tablets

PhE" __~ _

DEFINITION
Norgestrel contains not less than 98.0 per cent and not more
than the equivalent of 1O~.0 per cent of r""-13-ethyl-17­
hydroxy-18,19-dinor-17",-pregn-4-en-~o-yn-3-one,calculated
with reference to the dried substance.

CHARACTERS
A white or almostwhite, crystalline powder, practically
insoluble in water, sparingly soluble in methylene chloride,
slightly soluble in alcohol.

IDENTIFICATION
A. Dissolve 0.5 g in merhylene chloride R and dilute to
J0.0 mL with the same solvent. The angle of optical rotation
(2.2.7) is + 0.05' to -{).05'.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
norgestrel CRS.

TESTS
Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GRas the coating substance.
Test solution Dissolve 0.2 g of the substance to be examined
in merhylene chloride R and dilute to 10 mL with the same
solvent.
Reference solution (a) Dilute 1 mL of the test solution to
10 mL with merhylene chloride R. Dilute I mL of this solution
to 20 mL with methylene chloride R.
Reference solution (b) Dilute 4 mL of reference solution (a)
to 10 mL with methylene chloride R.
Reference solution (c) Dissolve 5 mg of norgestrel CRS and
5 mg of ethinylestradiol CRS in melhyleue chloride R and dilute
to 50 mL with the same solvent.
Apply to the plate 10 J.l.L of each solution. Develop over a
path of 15 em using a mixtureof 20 volumes of ethyl
amate R and 80 volumes of methylene chloride R. Allow the
plate to dry in air, spray with a 100 gIL solutionof
phosphomolybdic acidR in akohd R, heat at 100-105 'C for
15 min and examine immediately. Anyspot in the
chromatogram obtained with the test solution, apart from the
principal spot, is not more intense than the principal spot in
the chromatogram obtained with reference solution (a)
(0.5 per cent) and at most two such spots are more intense
than the spot in the chromatogram obtainedwith reference
solution (b) (0.2 per cent). The test is not valid unless the
chromatogram obtained with reference solution (c) shows
two clearly separated spots.

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying ln. an oven at 105 "C.

Sulfated ash (2.4.14)
Not morethan 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 gin 45 mL of tetrahydrofuran R. Add 10 mL
of a 100 gIL solution of silver nitrate R. After 1 min, titrate
with 0.1 M sodium hydroxide determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

I mL of 0.1 M sodium hydroxide is equivalent to 31.25 mg of
C21H2S02'

STORAGE
Store protected from light.
____________________ "'Elf
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11-446 Nortriptyline Hydrochloride

Tesr solution Dissolve 50.0 mg of the substance to be
examined in the mobilephase and dilute to 25.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve 5.0 mg of
dibenzosubemne CRS (impurity A) in the mobile phase and
dilute 10 100.0 mL with the mobile phase. Dilute 1.0 mL of
the solution to 50.0 mL with the mobile phase.
Reference solution (c) Dissolve 20 mg of
norcydobenzaprine CRS (impurity B) in the mobile phase and
dilute to 100 mL with the mobile phase. Dilute 1 mL of the
solution to 10 mL with the mobile phase.
Reference solution (d) Dissolve 10 mg of nortriptyline for
sysrem suilability CRS (containing impurity D) in the mobile
phase, add 1 mL of reference solution (c) and dilute to

10 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 ;;;; 4.6 mm;
- suuionary phase: spherical end-eappeJ extra-dense bonded

oayIsiJyl silica gelfor chromatography R (5 ~m);

- temperature: 45 "C.
Mobile phose Jl,lix 70 volumes of methanol Rl and
30 volumes of a solution prepared as follows: mix3.25 mL
of retrabutylammonium hydroxide solution (400 giL) R, 0.68 g
of potassium dihydrogen phosphare R and about 900 mL of
waterfor chromatography R, then adjust to pH 7.5 with dilute
phosphoric acidR and dilute to 1000 mL with water for
chromatography R.

FkJwrare 1.0 ml1min.

Detection Spectrophotometer at 220 DID.

InjecuOn 10 ~L.

Run time 3 times the retention time of nortriptyline.
Identification of impuruies Use the chromatogram obtained
with. reference solution (b) to identify the peakdue to
impurity Aj use the chromatogram obtained with reference
solution (c) to identify the peakdue to impurity B; use the
chromatogram suppliedwith nortriptyline for system
suitability CRS and the chromatogram obtainedwith
reference solution (d) 10 identify the peak due 10 impurity D.

Relan"ve retention With reference to nortriptyline (retention
time = about 13 min): impurity A =about 0.5;
impurity D =about 0.8j impurity B =about 0.9.
System suitability Reference solution (d):
- resolution: minimum 1.4 between the peaks due to

impurities D and B; minimum 2.0 between the peaks due
to impurity B and nortriptyline.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity 0 by 1.7;
- impwity D: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cent);

...,.- impun'ty A: not more than the area of the corresponding
peak in the chromatogram obtainedwith reference
solution (b) (0.05 per cent);

- unspecified impurities: for each impurity) not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent),

- total: not more than twice the area of the principal peak in
the chromatogram obtainedwithreference solution (a)
(0.2 per cent);

2022

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 2 h.

Sulfated ash (2.4.14)
Maximum0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 30 mL of ethanol (96 percenO R and add
1.0 mL of 0.1 M hydrochloric acid. Carry out a potentiometric
titration (2.2.20), using 0.1 M sadium hydroxide. Read
the volume added between the 2 pointsof inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent '0 29.98 mg of

C,oH22CIN.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, D.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimired Iry thegeneral acceptance
criterion for other/unspecified impurities andlor Iry thegeneral
monograph Substancesforpharmaceutical use (2034). 1, is
therefore not necessary to identify these impurities for
demonstration of compliance. Seealso5./0. Control of impuniies
in substances forpharmaceutical use) B, E, F, G, H, I, J.

A. 1O,II-dihydro-5H-dibenzo[o,d] [7]annulen-5-one
(dibenzosuberone),

B. 3-(5H-dibenzo[a,d] [7]annulen-5-ylidene)-N­
methylpropan-I-amine (norcyclobenzaprine),

W
~ N~::

OH

-
D. 5-[3-(dimethylamino)propyl]-10,II-dihydro-5H­

dibenzo[a,d] [7]annulen-5-01,
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E. 3-(5H-dibenzo[a,d] [7]annulen-5-ylidene)-N,N­
dimethylprcpan-Lamine (cyclobenzaprine),

F. 3-( 1O,II-dihydro-5H-dibenzo[a,d] [7]annulen-5-ylidene)­
N,N-dimethylpropan-l-amine (amitriptyline),

Noscapine Hydrochloride Hydrate
Noscapine Hydrochloride
(ph. Eur. monograph 0515)

C"H,.CINO"H,O 467.9

Action and use
Opioid receptoragonist; cough suppressant.

**** ** ** ****

G. ethyl N-[3-(10,II-dihydro-5H-dibenzo[a,d][7]annulen-5­
ylidene)propyl]-N-methylcarbamate,

H. 5-prop-2-en-l-ylidene-l0,II-dihydro-5H-dibenzo[a,d] [7]
annulene,

I. 1O,II-dihydro-5H-dibenzo[a,d] [7]annulen-5-o1
(dibenzosubercl),

J. [3-(10,II-dihydro-5H-dibenzo[a,d] [7]annulen-5­
ylidene)propyl)dimethylamine N-oxide (amitriptyline-N­
oxide).

____________________ PhE"

PhE" . _

DEFINITION
(3S)-6,7-Dimethoxy-3-[ (5R)-4-methoxy-6-methyl-5,6,7,8­
terrahydro-I ,3-dioxolo[4,5-g]isoquinolin-5-yl]-2-benzofuran-l
(3H)-one hydrochloride hydrate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder or colourless
crystals, hygroscopic.

Solubility
Freelysoluble in water and in ethanol (96 per cent).
Aqueous solutions are slightly acid; the base may be
precipitated when the solutions areallowed to stand.

mp
About 200 °C, with decomposition.

IDENTIFICATION
First identification: C, E.
Second identification: A, B, D, E.
A. Specific optical rotation (see Tests).

B. Melting point (2.2.14) of the precipitate obtained in
identification test E: 174 °C to 177 °C.

C. Infrared absorption spectrophotometry (2.2.24).

Preparation Examine the precipitate obtained in
identification test E.
Comparison noscapine CRS.
D. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of me substance to he
examined in ethanol (96 per unO R and dilute to 100 mL
with the same solvent.
Reference solution Dissolve 22 mg of noscapine CRS in
acewne Rand dilute to 100 mL with the same solvent.

Plate TLC silicagelplate R.

Mobile phase concentrated ammonia RJ ethanol (96 percent) R,
ace/One R, toluene R (1:3:20:20 VIVIVIJl).

Application I0 ~L.

Development Over 213 of the plate.

Drying In air.
Detection Spray with dilute potassium iodobismuthau
solution R.
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______~ PIlE"

PIlE" _

Noscapine

J28-62-1

N '"
I

413.4

(Ph. Eur. monograph 05J6)

OCH,

OCH,

- sum of impurities other thanA: not more than 5 times the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
2.5 per cent to 65 per cent, determined on 0.200 g by
drying in an oven at 105 DC.

Sulfated ash (2.4.J4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
In order to avoid overheating in the reaction medium, mix
thoroughly throughout and stopthe titration immediately after the
end-point has been reached.

Dissolve 0.400 g in a mixture of 3 mL of anhydrous formic
acidRand 30 mL of acetic anhydride R. Titrate with O.J M
perch/om acid) determining the end-pointpotentiometrically
(2.2.2U).

1 mL of O.J M perchlotic acid is equivalent to 44.99 mg of
C2,H2,ClNO,.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A.

A. 1-[(3,4-dimethoxyphenyl)methyl)-6,7­
dimethoxyisoquinoline (papaverine).

C"H,,NO,

Action and use
Opioid receptor agonist; cough suppressant.

DEFINITION
(3S)-6,7-Dirnethoxy-3-[ (5R)-4-methoxy-6-methyl-5,6,7,8­
tetrahydro-l ,3-dioxolo [4,5-g)isoquinolin-5-yl]isobenzofuran-I
(3H)-one.

Content
99.0 per cent to 101.0 per cent (dried substance).

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtainedwith the
reference solution.
E. Dissolve about 40 mg in a mixture of 2 mLof waterR
and 3 mL of ethanol (96 percenv R and add I mL of diluu
ammonia R2. Heat untildissolution is complete. Allow to
cool, scratching me wallof the rube with a glass rod. Filter.
The filtrate gives reaction (a) of chlorides (2.3. J). Wash the
precipitate with waterR, dryat 100-105 DC and reserve for
identification tests B and C.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution Y. or BY. (2.2.2, MethodJI).
Dissolve 0.5 g in wal<7 R, add 0.3 mL of O.J M hydrochloric
acid and dilute [Q 25 mL with waterR.
pH (2.2.3)
Minimum 3.0.

Dissolve 0.2 g in 10 mL of carbon dioxide-free water R.

Specific optical rotation (2.2.7)
+ 38.5 to + 44.0 (dried substance).

Dissolve 0.500 g in O.OJ M hydrochloric acidand dilute to
25.0 mL with the same acid.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 40.0 mg of the substance to be
examinedIn methanol R, with the aid of ultrasound, and
dilute to 20.0 mL with the.same solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methauol R.
Reference soluticn (b) Dissolve 5.0 mg of papaverine
hydrochloride CRS (impurity A) in the mobile phase and
dilute to 50.0 mL with the mobile phase (solution A). Dilute
1.0 mL of solution A to 10.0 mL with the mobile phase.
Reference solution (c) Dilute 6.0 mL of solution A to
10.0 mL with the test solution.
Column:
- size: 1= 0.125 m, 0 = 4.6 mm;
- stationary phase: cyanosilyl silica gd for chromatography R

(5 I'm).

Mobile phase methanol R, phosphate buffer soluticn pH 6.0 RJ
(35:65 VIV).

Flowrau 1 mUmin.
Detection Spectrophotometer at 240 nm,

Injection 10 1'1-.
Run time 2.5 times the retention timeof noscapine.
Re/ative retention With reference to noscapine (retention
time = about 10 min): impurity A = about 1.3.
System suitability Reference solution (c):
- resolution: minimum 2 between the peaksdue to noscapine

and impurity A.

Limits:
- impurity A: not morethanthe area of the principal peak

in the chromatogram obtained withreference solution (b)
(0.5 per cent);

- any otherimpun·ty: for each impurity, not more than twice
the area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.2 per cent);
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CHARACTERS
Appearance
White or almost white, crystalline powderor colourless
crystals.

Solubility
Practically insoluble in water, soluble in acetone, slightly
soluble in ethanol (96 per cent). It dissolves in strongacids;
on dilution of the acid solutions withwater, the base may be
precipitated.

IDENTIFICATION
First identification: C, E.
Second identification: A, B, D, E.
A. Specificopticalrotation (see Tests).
B. Melting point (2.2. If): 114"C to 111 "C.

C. Infrared absorption spectrophotometry (2.2.2f).

Comparison noscapine CRS.
D. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 mg of the substance to be
examinedin acetone R and dilute to 100 mL with the same
solvent.
Reference solution Dissolve 25 mg of noscaplne CRS in
acetone R and dilute to 100 mL with me same solvent.
Plate TLC silicagei plate R.
Mobile phase concentrated ammonia R, ethanol (96 per emlJ R,
acelOne R, toluene R (1:3:20:20 VIVIVIV).

Application I 0 ~L.

Deuelopmem Over 2/3 of the plate.

Drying In air.

Detection Spray with dilute potassium iadobismuthate
,oIution R.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.
E. To 20 mg add 10 mL of waterR and shake. It does not
dissolve.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intenselycoloured
than reference solution Y. (2.2.2, Metlwd II).

Dissolve 0.2 g in acetoneR and dilute to 10 mL with the
same solvent. Examine immediately afterdissolution.

Specific optical rotation (2.2.7)
+ 42 to + 48 (dried substance).

Dissolve 0.500 ginO. I M hydrochloric acid and dilute to
25.0 mL with the same acid.

Related substances
Liquid chromatography (1.2.29). "

Test solution Dissolve 20.0 mg of me substance to he
examined in 8 mL of methanol R, with the aid of ultrasound,
and dilute to 10.0 mL with the same solvent.
Reference solmien (a) Dilute 1.0 mL of the test solution to
20.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 5 mg ofpapaverine
hydrochloride R in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 1.0 mL of the solution to
10.0 mL with the mobile phase.

Noscapine 11-449

Reference solution (c) Dissolve 1.5 mg of papaverine
hydrochloride R in 10 mL of the test solutionand dilute [0

25 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.6 mm;
- stationary phase: cyanosilyl silica gelfor chromatography R

(5 um).

Mom7e phase methanol RI, phaspha" buffer ,oIution pH 6.0 RI
(350:650 VIV).

Flow rate 1 mUmin.

Detection Spectrophotometer at 240 nID.

I njeaion I0 IlL.
Run time 2.5 times the retention time of noscapine.
Relative retention With reference to noscapine (retention
time= about 10 min): impurity A =about 1.3.
System suitability Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

noscapine and impurity A.
Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.5 per cent);

- any other impun"ty: for each impurity, not more than
0.4 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.2 per cent);

- sumof impurities other thanA: not more than the area of
the principal peakin the chromatogram obtained with
reference solution (a) (0.5 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent}.

Loss on drying (1.1.31)
Maximum 1.0 per cent, determined on 0.500 g by drying in
an oven at 105°C.

Sulfated ash (2.4. If)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 40 mL of anhydrous acetic acid R,
warming gently. Titrate with 0.1 M perchloric acid,
determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 41.34 mg of
C22H23N07.

STORAGE
Protected from light.

IMPURITIES

H,cO

OCH,

OCH,

A. 1-(3,4-dimethoxybenzyl)-6,1-dimethoxyisoquinoline
(papaverine).

___________________ P1>E,.
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Nystatin
(Ph. Bur. monogroph 0517)

926

Action and use
Antifungal.

Preparations
Nystatin Ointment
Nystatin Oral Suspension

Nystatin Vaginal Tablets

Nystatin Tablets

PhE" _

DEFINITION
Antifungal substance obtainedby fermentation usingcertain
strains of Streptomyces nounei as the production micro­
organism. It containsmainly tetraenes, the principal
component being (IS,3R,4R,7R,9R,IIR,15S,16R,17R,18S,
19E,2IE,25E,27E,29E,31 E,33R,35S,36R,37S)-33-[(3-amino­
3,6-dideoXY-fl-n-mannopyranosyl)oxy]-1,3,4,7,9, II,17,37­
oetahydroxy-15,16,18-trimethyl-13-oxo-I4,39­
dioxabicyclo[33.3.1]nonatriacoma-19,21,25,27,29,31­
hexaene-36-carboxylic acid (nystatin AI).

Content
Minimum 4400 IU/mg (dried substance) and minimum
5000 IU/mg (dried substance) if intended for oral
administration.

CHARACTERS
Appearance
Yellow or slightly brownish powder,hygroscopic.

Solubll1ty
Practically insoluble in water, freely solublein
dirnethylformarnide and in dimethyl sulfoxide, slightly soluble
in methanol, practically insoluble in ethanol (96 per cent).

IDENTIFICATION
Firsl identification: B, E.
Second identification: A, C, D.
A. Examine the solution prepared in the test for absorbance
between 220 om and 350 om (2.2.25). The solution shows 4
absorption maxima at 230 om) 291 run) 305 run and
319 nm, and a shoulder at 280 nm. The ratios of the
absorbances at the absorption maxima at 291 om and
319 run to the absorbance at the absorption maximum at
305 om are 0.61 to 0.73 and 0.83 to 0.96, respectively.
The ratioof the absorbance measured at the absorption
maximum at 230 run to that measured at the shoulder at
280 om is 0.83 to 1.25.

2022

B. Infrared absorption spectrophotometry (2.2.24).

Comparison nystatin CRS.

C. To about 2 mg add 0.1 mL of hydrochloric acid R.
A brown colour develops.
D. To about 2 mg add 0.1 mL of ru/fune acidR. A brown
colourdevelops thatbecomes violet on standing.
E. Examine the chromatograms obtained in the test for
composition.
Results The principal peakin the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtainedwith reference
solution (a).

TESTS
Absorbance (2.2.25)
Dissolve 0.10 g in a mixture of 5.0 mLof glacialacetic acid R
and 50 mL of methanol R and dilute to 100.0 mL with
methanol R. Dilute 1.0 mL of the solution to 100.0 mL with
methanol R. Determined at the maximum at 305 nm within
30 min of preparation of the solution, the absorbance is not
less than 0.60.

Composition
Liquid chromatography (2.2.29): use the normalisation
procedure. Cany out the testprotected from light.
Test soiuuon Dissolve 20 mg of the substance to be
examined in dimethyl sui/oxide R and dilute to 50 mL with the
same solvent.

Reference solutian (a) Dissolve 20 mg of nystotin CRS in
dimethyl sulfoxide R and dilute to 50 mL with the same
solvent.

Referenusolution (b) Dissolve 20 mg of the substance to be
examined in 25 mL of methanol R and dilute to 50 mL with
water R. To 10.0 mL of the solution add 2.0 mL of dilure
hydrochloric acid R. Allow to stand at room temperature
fori h.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with dimethyl sulfoxide R. Dilute 1.0.mL of this
solution to 10.0 mL with dimethyl sulfoxide R.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm,
- rtationory phase: base-deactivated end-capped octoduy/silyl

silica gelfor chromatography R (5 um),
- temperature: 30 "C.
Mobile phase:
- mobile phaseA: acetonitrile R, 3.85 gIL solution of

ammonium autare R (29:71 VIV),
- mobile phaseB: 3.85 gIL solution of ammonium acew,te R,

autonilrile R (40:60 VIV),

Tim. MobUe phase A MobUe phase B
(min) (per cent VIl') (per cent VIP)

0-25 tOO 0

25·35 100 -> 0 0---> lOO

35·45 0 tOO
45 - 50 0 ..... 100 100 ---> 0

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 305 run.

Injection 20 ~L

Retention time Nystatin Al = about 14 min.

System suitability Reference solution (b):
- resolution: minimum 3.5 between the 2 principal peaks

(retention time = about 13 min and 19 min).
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Composition:
- nystatin Al: minimum 85.0 per cent)
- any othercompound: maximum 4.0 per cent,
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (c);
disregard any peak with a retention time of less than
2 min.

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
vacuo at 60°C at a pressure not exceeding 0.1 kPa for 3 h.

Sulfated ash (2.4.14)
Maximum 3.5 per cent, determined on 1.0 g.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).
Protect the solutions from light throughout the assay.

Dissolve the substance to be examined and nystatin CRS
separately in dimerhylformamide R and dilute with a mixture
of 5 volwnes of dimethyffomramide Rand 95 volumes of
buffer solution pH 6.0.

STORAGE
In an airtight container, protected from light.

LABELLING
The label states where applicable, that the substance is only
for cutaneous use.
____________________ PIIElI

Octanoic Acid 11-451

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution Ys (2.2.2,
Method Il).

Relative density (2.2.5)
0.909 to 0.912.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution Dissolve 0.10 g of the substance to be
examined in ethyl acetate R and dilute to 10.0 mL with the
same solvent.

Reference solution (a) Dissolve 0.10 g of caprylic acid CRS in
ethyl acetate R and dilute to 10.0 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with emyl ecereze R. Dilute 5.0 mL of this solution
to 50.0 mL with ethyl acetate R.

Column:
- material: fused silica;
- size: 1== 30 ill, 0 = 0.25 nun;
- stationary phase: macragol20000 2-nitrotereph'halate R (film

thickness 0.25 urn).

Carriergas heliumfor chromalOgraphy R.

Flow race 1.5 mUmin.

Splicratio I: I 00.

Temperature:

Octanoic Acid *** Tim. Temperature* ** * (mln) CC)

(Caprylic Acid, Ph. Eur. mcmograph 1401) ***** Column 0-1 100

I - 25 100 -> 220

H3C~COii
25 - 35 220

Injection port 250

Detector 250

CSHI602 144.2 124-07-2

Action and use
Excipient.

PIlE,; _

DEFINITION
Octanoic acid.

Content
99.0 per cent to 100.5 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, colourless or slightly yellowish, oily liquid.

Solubillty
Very slightly soluble in water, very soluble in acetone and in
ethanol (96 per cent). It dissolves in dilute solutions of alkali
hydroxides.

IDENTIFICATION
A. Relative density (see Tests).

B. Examine the chromatograms obtained in the test for
related substances.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).

Detection Flame ionisation.

Injection I ~L.

System suitability Reference solution (b):
- signal-to-noise ratio: minimum 5 for the principal peak.

Limits:
- atry impun'ty: for each impurity, maximum 0.3 per cent;
- total: maximum 0.5 per cent;
- disregard limit: 0.5 times the area of the principal peak in

the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 0.7 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, detennined on 1.0 g.

ASSAY
Dissolve 0.125 g in 25 mL of emanol(96 per cenO R. Titrate
with 0.1 M sodiumhydroxide, determining the end-point
potentiometrically (2.2.211).

I mL of 0.1 M sodium hydroxide is equivalent to 14.42 mg of
CSH1602 •

IMPURITIES

A. hexanoic acid,
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Solubility
Misciblewith water, with ethanol (96 per cent) and with
vegetable oils.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison octoxinol 10 CRS.

Preparation Film between sodium chloride R plates.
B. Cloud point (see Tests).

TESTS
Acidity or a1kalinlty
Boil 1.0 g with 20 mL of carbon dioxide-free waterR for
1 min, with constant stirring. Cool and filter. To 10 mL of
the filtrate, add 0.05 mL of bromol/o>mol blue soiution RI.
Not more than 0.5 mL of 0.01 M hydrochloric acidor 0.01 M
sodium hydroxide is required to change the colourof the
indicator.
Hydroxyl value (2.5.3, Method A)
85 to 101.

Cloud point
63 -c to 70 'C.

Dissolve 1.0 g in 99 g of waterR. Transfer about 30 mL of
this solution to a test-tube, heal on a water-bath and stir
continuously until the solutionbecomes cloudy. Remove the
test-tube from the water-bath (ensuring that the temperature
does not increase more than 2 °C), and continue to stir.
The cloud point is the temperature at which the solution
becomes sufficiently clear that the entire thermometer bulb is
plainly seen.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethyleneoxideand maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 0.5 per cent, determinedon 2.00 g.

Total ash (2.4.16)
Maximum 0.4 per cent, determined on 1.0 g.

STORAGE
In an airtight container,
___~ PhE"

andenantiomer

G. ethyl octanoate,

H. methyl decanoare,

I. undecan-z-cne,

H3C~C02H

H3CJ

D. decanoic acid,

C. nonanoic acid,

H3C~C02H

B. heptanoic acid,

E. 2-propylpentanoic acid (valproic acid),

F. methyl octanoate,

1. 5-butyltetrahydrofuran-2-one (r-hydroxyoetanoic acid
lactone).

____________________ PhE"
Octreotide
(ph. Eur. monograph 2414)

OH
( H

I I X ~CH3
H-o-Phe-Cys-Phe-o-Trp-Lys-Thf-Cys-N" X

H H" OH

Octoxinol 10
(ph. Bur. monograph 1553)

Action and use
Excipient.

1019 83150-76-9
PhE" _

DEFINITION
(J.- [4-( I, 1,3,3-T etramethylbutyl)phenyll-ro-hydroxydeca
(oxyethylene).

Mixture consisting mainlyof mono-octylphenyl ethers of
macrogols corresponding to the formula CsH17C61-Lt­
[OCH2-CH2l.-OH where the average value of n is 10.
It may containfree macrogols.

CHARACTERS
Appearance
Clear, colourlessor light yellow,viscousliquid.

Action and use
Somatostatin analogue; treatment of neuroendocrine tumours
and acromegaly.

PhE" ~__

DEFINITION
D-Phenylalanyl-L-cysteinyl-L-phenylalanyl-I>-tryptophyl-L­
lysyl-L-threonyl-L-cysteinyl-L-threoninolcyclic (2->7)­
disulfide.

Synthetic octapeptide analogue of the natural hormone
somatostatin. It is available as an acetate.
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Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationaryphase: end-copped octadecy/silyl silica gelfor

chromatography compatible with 100per cent aqueous mobile
phases R (5 urn);

- temperature: 40 "C.

Mobilephase:
- mobile phaseA: dissolve 4.5 g of tetramethylammonium

hydroxide R in 800 mL of waterfor chromatography Rand
adjust 10 pH 2.0 with phosphoric add R; dilute to 900 mL
with waterfor chron/atography R and add 100 mL of
acetonitrile Rt,

- mobilephase B: dissolve 4.5 g of tetramethylammonium
hydroxide R in 300 mL Ofwaterfor chromatography Rand
adjust to pH 2.0 with phosphon·c acid R; dilute to 400 mL
with waterfor chron/atography R and add 600 mL of
acetonitrile Rl,

Flow rate 1.8 mUmin.

Detection Spectrophotometer at 210 om.

Injection 20~.

Identification of impurities Use the chromatogram supplied
with oareotide impun·ty mixtureCRS and the chromatogram
obtained with the resolution solution to identify the peaks
due to impurities F and G.

Relative retention With reference to oetreotide (retention
time =about 20 min): impurity A =about 0.76;
impurity B =about 0.89; impurity C =about 0.94;
impurity E =about 1.13; impurity F = about 1.30;
impurity G = about 1.33; impurity H = about 1.66;
impurity I = about 1.88.

System suitability Resolution solution:
- resolution: minimwn 2.0 between the peaks due to

impurities F and G.

Limits:
- unspecified impurities: for each impurity, maximum

0.5 per cent;
- total: maximum 2.0 per cent;
- reporting threshold: 0.1 per cent.

Acetic acid (2.5.34)
5.0 per cent to 12.8 per cent.

Test solution Dissolve 10.0 mg of the substance to be
examined in a mixture of 5 volumes of mobile phase Band
95 volumes of mobile phase A and dilute to 10.0 mL with
the same mixture of mobile phases.

Water (2.5.32)
Maximum 10.0 per cent, determined on 20.0 mg.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution.

Calculate the percentage content of oetreotide
(C49H6~lOOlOS2) taking into account the assigned content
of C•.H.oNIOOIOS, in oareotide CRS.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 "C to 8°C.

Content
95.0 per cent to 103.0 per cent (anhydrous and acetic acid­
free substance).

CHARACTERS
Appearance
White or almost white powder, hygroscopic.

Solubility
Freely soluble in water, in acetic' acid and in methanol.

IDENTIFICATION
Carry out either tests A, B or tests A, C.

A. Examine the chromatograms obtained in the assay.

Results The principal peak in me chromatogram obtained
with the test solution is similar ln. retention time and size to
the principal peak in the chromatogram obtained with the
reference solution.

B. Nuclear magnetic resonance spectrometry (2.2.64).

Preparation 2 mg/mL solution in a mixture of 10 volumes of
deuterated acetic add Rand 90 volumes of deuterium oxide R
containing 30 ~g1mL of deuterated sodium
tn'methylsilylpropionate R.

Comparison 2 mglmL solution of octreotide for NMR
identification CRS in a mixture of 10 volumes of deuteraud
acetic acidR and 90 volumes of deuterium oxide R containing
30 ~g1mL of deuteraudsodium lrimerhy/silylpropionate R.

Operating conditions:
- field strength: minimum 300 MHz;
- temperature: 25 °C.

Results Examine the IH NMR spectrum from 0 10 8 ppm.
The IH NMR spectrum obtained is qualitatively similar to
the IH NMR spectrum obtained with oareotide for NMR
identification CRS.

C. Amino acid analysis (2.2.56). Method I for hydrolysis and
method 1 for analysis are suitable.

Express the content of each amino acid in moles. Calculate
the relative proportions of the amino acids taking 1/4 of the
sum of the number of moles of phenylalanine, threonine and
lysine as equal to I. The values fall within the following
limits: threonine: 0.7 to 1.1; threonino!: 0.7 to 1.2; lysine:
0.9 to 1.3; half-cystine: 1.0 to 2.2; phenylalanine: 1.8 to 2.2.
NO[more than traces of other amino acids are present.

TESTS
Specific optical rotation (2.2.7)
-18.5 to -14.5 (anhydrous and acetic acid-free substance).

Dissolve the substance to be examined in a 1 per cent VIV
solution of gladal acetic acid R to obtain a concentration of
2.0 mglmL.

Related substances
Liquid chromatography (2.2.29): use the nonnalisation
procedure.

Solvent mixture Mix 10 volumes of acetonitrile Rand
90 volumes of water R, then adjust to pH 35 with acetic
acidR.
Test solution Dissolve 10.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution Dissolve the contents of a vial of
octreotide CRS in the solvent mixture to obtain a
concentration of 1.0 mglml.

Resdsuion solution Dissolve the contents of a vial of oareotide
impuritY mixture CRS (containing impurities F and G) in
1.0 mL of the reference solution.

Time
(min)

0- 15

15 - 40

40 - 45

MobUe phase A
(per cent I'M

90 ---> 80

80 ---> 55

55 ..... 30

MobUe phase n
(per cent I'll?

to ---> 20

20 45

45 70

www.webofpharma.com



II-454 Octyl Gallate

LABELLING
The label states the octreotide content (C.19H~1001oS2)'

IMPURITIES
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
csitetion for other/unspecified impurities andlor by the general
monograph Substances for pharmaceutical use (2034). It is
there/ore notnecessary to identify these impurities for
demonstration of compliance. Seealso5.10. Control of impuniits
in substances forpharmaceutical use) A, B, C, H, P, OJ H, 1.

OH
( H

I I X ~CH3
H-o-Phe-Cys-Phe-o-Trp-lys-o-aTIY-Cys-N- X

H H' QH

2022

OH
( H

I I X ~CH3
H-n-Phe-Cys-Phe-p.Trp-Lys- Thr-Cys-~- X

~ H OH
o CH3

H. .N'.5-aceryloctreoride,

OH
( H

H3C I . I X ~CH3
)-p.Phe-eys-Phe-n-Trp-Lys-Thr-Cys-N- X

o H H QH

I. N2
.
I-acetyloctreotide.

______~ 1M"

A. [6-D-allothreonine]octreotide,

OH

<H
I I X ...CH3

H-o-Phe- Cys-Phe -0-Trp-Lys-llv"- o-Cys-~- !\
H OH

B. [7-o-cysteine]octreotide,

OH
( H

I I X ...CH3
H-o-Phe-Cys-Phe-o-Trp-Lys-TIv-Cys-N" X

l!. H H' OH
OH

Oetyl Gallate
(ph. Bur: monograph 2057)

282.3

Action and use
Used in treatment of alcoholdependence.

**** ** *<;»

/034-01-1

C. N L 4-(hydroxymethyl)oetreotide,

OH
( H

Is 5 Is X ...c~
H-D-Phe-Cys-Pha-D-T",-lYS-Thr-Cys-W X

H OH

E. o-phenylalanyl-S-sulfanyl-L-cysteinyl-L-phenylalanyl-D­
tryptophyl-L-lysyl-L-threonyl-L-cysteinyl-L-threoninol cyclic
(2 ~ 7)-trisullide,

CH,
O==(

o
( H

i I x... .CH,
H-D-PIle-Cys-Phe-P.Trp-Lys-Thr-Cys~~· X

H OH

F. Ol.8-acetyloctreotide,

OH
( H

I I X ~CH3
H-o-Phe-o-Cys-Phs-p.Trp-Lys-Ttv"- Cys-~' X

H OH

G. [2-D-cysteine]octreotide,

PhE" _

DEFINlTION
Octyl 3,4,5-trihydroxybenzoate.

Content
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely solublein ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENI1FICATION
A. Melting point (2.2.14).

Determine the melting point of the substance to be
examined. Mix equal parts of the substance to be examined
and octy/gallate CRS and determine the melting point of the
mixture. The difference between themeltingpoints (which
are about 101 0<P) is not greater than2°C.
B. Examine the chromatograms obtained in the test for
impurity A.
Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position,colourand size to
the principal spot in the chromatogram obtained with
reference solution (a).

TESTS
Impurity A
Thin-layer chromatography (2.2.27).

Test solution (aJ Dissolve 0.20 g of the substance to be
examinedin acetone R and dilute to 10 mL with the same
solvent.
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Test solution (b) Dilute 1.0 mL of test solution (a) to 20 mL
with acetone R.
Reference solution (a) Dissolve 10 mg of ocryl gallate CRS in
tUetone Rand dilute to 10 mL with the same solvent.
Reference solution (b) Dissolve 20 mg of gallic acidR in
acetone R and dilute to 20 mL with the same solvent.

Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10 mL with!latene R.

Reference solution (d) Dilute 1.0 mL of reference
solution (b) to 5 mL with test solution (a).

Plate TLC silica gelplate R.
Mobaephase anhydrous formic acid R, ethylformate R,
toluene R (10:40:50 VIVIJI).

Application 5 IJL of test solutions (a) and (b) and reference
solutions (a), (c) and (d).

Development Over 2/3 of the plate.

Drying In airfor 10 min.
Detection Spray witha mixture of 1 volume offerric chwride
solution RI and 9 volumes of ethanol (96 per cent) R.
System suitability Reference solution (d):
- me chromatogram shows 2 dearly separated principal

spots.

Limit Test solution (a):
- impwity A: any spot due to impurity A is not more

intense than the spot in the chromatogram obtained with
reference solution (c) (0.5 per cent).

Chlorides (2.4.4)
Maximum 100 ppm.

To 1.65 g add 50 mL ofwaterR. Shake for 5 min. Filter.
15 mLof the filtrate complies with the test.

Loss on drying (2.2.32)
Maximum 0.5 percent, determined on 1.000 g by drying in
an oven at 70 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in ntethanol R and dilute to 250.0 mL with
the same solvent. Dilute 5.0 mL of the solution 10 200.0 mL
with methanol R. Measure the absorbance (2.2.25) at the
absorption maximum at 275 nm.

Calculate the content of ClsH2205 taking the specific
absorbance to be 387.

STORAGE
In a non-metallic container, protected from light.

IMPURITIES
Specified impuniies A.

Hoyyco,H

HO~
OH

A. 3,4,5-trihydroxybenzoic acid (gallic acid).
___________________ PhEu

Octyldodecanol 11-455

Octyldodecanol
(Ph. Eur. monograph JJ36)

H,C~OH
: H andenanUomer

H,C~

5333-42-6

Acdon and use
Excipient.

PhEu _

DEFINITION
Condensation product of saturated liquid fatty alcohols.

Content
Minimum 90 per cent of (2RS)-2-octyldodecan-I-ol
(C2oH420; Mr298.6), the remainder consisting mainlyof
related alcohols.

CHARACTERS
Appearance
Clear, colourless or yellowish, oily liquid.

Soluhlllty
Practically insoluble in water, miscible with ethanol
(96 per cent).

Relative density
About 0.840.

Refractive index
About 1.455.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in toluene R and dilute to 20 mLwith the same
solvent.
Reference solution Dissolve 0.20 g of octyidodecanal CRS in
toluene R and dilute to 20 mL with the same solvent.
Plate Suitable silica gel plate.

Mabae phase ethyl ace/ate R, toluene R (5:95 VW).
Applicatron 2 ~L.

Deudopmen: Over a path of 12 em.
Drying In air.

Detection Spray with about 7 rnLof a mixture of 1 volume
of a 25 gIL solution of vanalin R in ethanol (96 per cen!J R
and 4 volumes of sulfuric acid R and heal at 130 'C for
5-10 min.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position,colourand size to
the principal spot in the chromatogram obtained with the
reference solution.

TESTS
AcIdity or aIkalinlty
Mix 5.0 g thoroughly for I min with a mixture of 0.1 mL of
bromothymol bluesolution R1, 2 mL of heptane R and 10 mL
of water R. If the aqueous layer is blue, not more than
0.15 mL of 0.01 M hydrochloric acid is required to change the
colourof the indicator to yellow. If the aqueous layeris
yellow, add 0.45 mL of 0.01 M sodium hydroxide and shake
vigorously. After standing to ensure completeseparation, the
aqueous layer is blue.
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11-456 Ofloxacin 2022

__________________ PIIE"

82419-36-1361.4

(Ph. Eur. monograph 1455)

Action and use
Fluoroquinolone antibacterial.

IDENfIFICAnON
A. Infrared absorption spectrophotometry (2.2.24).

Comparison cfioxacinCRS.
B. Optical rotation (see Tests).

TESTS
Optical rotation (2.2.7)
-0.10' to + 0.10'.

Dissolve 0.300 g in a mixture of 10 volumesof methanol R
and 40 volumes of methylene chloride R and dilute to 10.0 mL
with the same mixtureof solvents.

Absorbance (2.2.25)
Maximum 0.25 at 440 om.

Dissolve 0.5 g in a 10.3 gIL solution of hydrochloric acidR
and dilute to 100.0 mL with the same solution.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, waterR (10:60 VIV).

Buffer solution Dissolve 3.08 g of ammonium acetate Rand
5.38 g of sodium perchlorate R in about 900 mL of waterfor
chromatography R. Adjust to pH 2.2 with phosphori< acid R
and dilute to 1000 mL with waterfor chromatography R.
Testsolution Dissolve 20.0 mg of thesubstance to be
examined in the solventmixture and dilute to 50.0 mL with
the solvent mixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference solutiolt (b) Dissolve 5.0 mg of levoj/oxacin
impurity F CRS (ofloxacin impurity A; S-enantiomer) in
42 mL of acetonitrile R and dilute to 250.0 mL with waterR.
Dilute 1.0 mL of this solution to 25.0 mL with the solvent
mixture.

DEFINITION
(3RS)-9-Fluoro-3-methyl-10-(4-methylpipera2in-I-yl)-7-oxo­
2,3-dihydro-7H-pyrido[1,2,3-de] [1,4]benzoxa2ine-6­
carboxylic acid.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
Pale yeUow or brightyellow,crystalline powder.

Solubility
Slightly soluble in water, solublein glacial acetic acid, soluble
or slightly soluble in methylene chloride, slightly soluble in
methanol.

Ofloxacin

PIlE" ~ _

180
ISO -) 280

280

290

300

Temperatui'e
("C)

Time
(min)

0-2

2 - 22

22·52

Optical rotation (2.2.7)
-0.10" to + 0.10°,

Dissolve 2.50 g in ethanol (96 percenV R and dilute to
25 mL with the same solvent.

Hydroxyl value (2.5.3, MethodA)
175 to 190.

Iodine value (2.5.4, MethodA)·
Maximum 8.0.

Peroxide value (2.5.5, MethodA)
Maximum 5.0.

Saponification value (2.5.6)
Maximum 5.0.

Water (2.5.12)
Maximum 0.5 per cent, determined on 2.00 g.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent) determined on 1.0 g.

ASSAY
Gas chromatography (2.2.28).

Internal standard solution Dissolve 0.4 g of tetradeeane R in
hexane R and dilute to 100.0 mLwith the same solvent.

Testsolution Dissolve 0.100 g of the substance to be
examined in the internal standard solution anddilute to
10.0 mL withthe same solution.
Reference solution Dissolve 0.100 g of octykrod«anol CRS in
the internal standard solution and dilute to 10.0 mL with the
same solution.

Column:
- material: fusedsilica;
- size: 1= 60 m, 0 = 0.25 rom;
- stationary phase: phetlyl(5)methyl(95)polysik=ne R (film

thickness 0.25 um),

Carnergas heliumfor chromatography R.
Flow rate 0.68 mIJrnin.
Splti rauo 1:50.

Temperature:

Injection port

Detector

Column

Detection Flame ionisation.
I njeaion 1 ~L.

Calculate the content of C2oH I20 in the substance to be
examined.

STORAGE
Protected from light
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B. (3RS)-9-fluoro-3-methyl-1 0-(4-methylpiperazin-l-yJ)-2,3­
dihydro-7H-pyrido[I,2,3-de][IA)benzoxazin-7-one,

A. (3RS).IJ,10-difluoro-3 -methyl-7-oxo-2,3-dihydro-7H­
pyrido[I,2,3-de)[I,4]benzoxazine-6-earboxylic acid,

C. (3RS)- 3-methyl-l 0-(4-methylpiperazin-I-yl)-7-oxo-2,3­
dihydro-7H-pyrido[I,2,3-de][I A]benzoxazine-6-carboxylic
acid,

D. (3RS)-1 o-fluoro-3-methyl-9-(4-methylpiperazin-I-yl)-7­
oxo-2,3-dihydro-7H-pyrido[I ,2,3-de][1,4] benzoxazine-6­
carboxylic acid,

and eneoucmer

CH ~
3'Nl 0rCH3

~NX:¢
'" I I

F

o

H

°rCH3

F~NI I and enenucrrerrN '" Co,H
,N~ 0H,C

ASSAY
Dissolve 0.300 g in 100 mL of anhydrous acetic acid R"
Titrate with 0.1 Al perchioric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M'perchloric acid is equivalent to 36.14 mg
of C 1sH2QFN304•

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified imp""iies A, D.
Otherdetectable impurities (thefolic-wing substances would, if
present ai a suffici'em level, be detected by one or otherof the tests
in the monograph. They am limitedby lhe general acceptance
criterion for otherlunspedfied impurities and/orby the general
monograph Subseonas for pharmaceutical use (2034). Ir is
therefore not necessary to idemifythese impurities for
demonstration of compliance. See also5.10. Control of impun'ties
in substances forpharmaceutical use) BJ C, E, F.

H

°rCH3FW?' I I and enantiomer

F ~ C02H

o

CH ~
3'Nl 0rCH3

~Nh~) aod enanucmer

V0Co,H
o

Thn, MobUe phase A MobUe phase B
(min) (per cent JIm (per cent VII?

0-' 100 0

5 - 10 lOO ....... 82 0-+ 18

10· 15 82 ..... 40 18 -lo 60

15 - 30 '0 60

Flow rare 1.0 mUmin.

Detection Spectrophotometer at 294 run and, for
impurity A, at 240 nm.

Injection 10 ~L.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A; use the chromatogram obtained with reference
solution (c) to identify the peaks due to impurities D and E.
Relative retention Wiili reference to oftoxacin (retention
time e about 10 min): impurity D ;;:;; about 0.7;
impurity E = about 0.93; impurity A = about 2.8.

System suitability:
- resolution: minimum 2.0 between the peaks due to

impurity E and ofloxacin in the chromatogram obtained
with reference solution (c);

- signal-to-noise ratio: minimum 90 for the principal peak in
the chromatogram obtained with reference solution (a).

Calculation ofpercentage contents:
- correaion factor. multiply the peak area of impurity D by

4.5;
- for impurity A, use the concentration of impurity A in

reference solution (b) and the peak areas recorded at
240 nm;

- for impurities other than A, use the concentration of
ofloxacin in reference solution (a) and the peak areas
recorded at 294 nm.

Limits:
---->!- impun"ty A: maximum 0.2 per cent;
- impwity D: maximum 0"10 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.4 per cent;
- reponing threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.2 per cent, determined on 1.000 g by drying at
105 'C for 4 h.

Sulfated ash (2.4. H)
Maximum 0.1 per cent, determined on 1.0 g.

Reference solution (c) Dissolve 5 mg of ofloxacin
impurity D CRS and 5 mg of ofloxacin impurityE CRS in the
solvent mixture and dilute to 25 mL with the solvent
mixture. Mix 2 mL of the solution and 1 mL of the test
solution and dilute to 50 mL with the solvent mixture. Dilute
1 mL of this solution to 10 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 =. 4.6 mm;
- stationaryphase: end-capped ottade0llsilyl silica gelfor

chromatography R (3 ~m);

- temperature: 38 "C.

Mobilephase:
- mobile phaseA: acetonitrile for chromatography R, buffer

solution (I6:84 VIII);
- molJlle phaseB: methanolRl, acetonioile for

chromatography R, buffer solution (20:30:50 VIVIII);
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Time MobUe phase A MobUe phase B
(min) (per cent JIll? (per cent JIll?
o ~ 10 [00 0

10·20 100 -J 0 0 ..... 100

20 - 25 0 [00

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the lestand reference
solutions immediately before use or keepthem refrigerated and
injea within 20 h of preparation.
Solution A Dissolve 13 g of sodium dodecy/ su/fale R in about
1450 mL of walerR, add 5 mL ofphosphoric acidRand
adjust to pH 2.5 by slowly adding strong sodium hydroxide
solution R. If a precipitate is formed, this precipitate has to be
re-dissolved prior to final pH adjustment. Dilute to 1500 mL
with water R.
Solvent mixture Mix 4 volumes of acetonitrile Rl with
6 volumes of a 37 mgIL solution of sodium edetate R in
solutionA.
Testsolution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mLwith
the solventmixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL withthe solvent mixture.
Reference solution (b) Dissolve4 mg of olonzopine for system
suitalnlity CRS (containing impurities B, C and D) in
10.0 mL of the solventmixture.
Column:
- size: I == 0.25 m, 0 = 4.6 nun;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 35 "C.
Mobae phase:
- mobile phase A: acetonitrile RI, solution A (48:52 VII');
- mobile phase B: solution A, aceumifri/e RI (30:70 VII');

F/qw rale 1.5 mUmin.
Detection Spectrophotometer at 220 run.
Injection 20~

lden'ificaoon of impurilies Use the chromatogram supplied
with olanzapine for system suitability CRS and the
chromatogram obtained withreference solution (b) to
identity the peaks due to impurities B, C and D.

Relative retention Withreference to olanzapine (retention
time == about 13 min): impurity B = about0.3;
impurity D =about 0.9; impurity C =about 1.2.

System sui'ability Reference solution (b):
- resolution: minimum 1.5 between the peaksdue to

impurity D and olanzapine.
Limits:
- coneaion factor. for the calculation of content, multiply the

peak area of impurity B by 0.4;
- impurities B, C, D: for each impurity, not more than

1.5 times the area of the principal peak in the
chromatogram obtained withreference solution (a)
(0.15 per cent);

- unspecified impun"titr: for each impurity, not more than the
area of theprincipal peak in the chromatogram obtained
withreference solution (a) (0.10 percent);

- total: not more than twice the area of the principal peakin
thechromatogram obtained with reference solution (a)
(0.2 per cent);

132539-06-1312.4

(ph. Eur. monograph 2258)

Action and use
Dopamine D2 receptor antagonist; serotonin 5HT2 receptor
antagonist; neuroleptic.

Preparation
Olanzapine Orodispersible Tablets

PhE" ~__~ _

Olanzapine

F. 4- [(3RS) -6-carboxy-9-lIuoro-3-methyl-7-oxo-2,3-dihydro­
7H-pyrido[1,2,3-d,] [I,4]benzoxazin-1O-yl)-I­
methylpiperazine j-cxlde.

E. (3RS)-9-lIuoro-3-methyl-7-oxo-10-(piperazin-l-yl)-2,3­
dihydro-7H-pyrido[1,2,3-<1,] [I .4jbenzoxazine-6-carboxylic
acid,

____________________ PhE"

DEFINITION
2-Methyl-4-(4-methylpiperazin-I-yl)-1OH-thieno [2,3-bJ [1,5]
benzodiazepine.

Content
98.0 per cent to 102.0 per cent (anbydrous substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, slightly soluble in ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison oIanzapine CRS.
If the spectra obtained in the solid stateshow differences)
dissolve the substance to be examined and the reference
substance separately in ethyl acetate RJ evaporate to dryness
and record new spectra using the residues.
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><,0

CO."

221171-18-8

CI-

719

__________________ PhE"

D. l-methyl-4-(2-methyl-1 OH-thieno[2,3-b] [1,5]
benzodiazepin-4-yl)piperazin-I-oxide.

Action and use
Dopamine D2 receptor antagonist; serotonin 5Hr2
receptorantagonist; antipsychotic.

C. 1-(chloromethyl)-I-methyl-4-(2-methyl-l OH-thieno[2,3­
b][I ,5]benzodiazepin-4-yl)piperazin-I-ium chloride,

PhE" _

B. 2-methyl-5,10-dihydro-4H-thieno[2,3-bl [1,5]
benzodiazepin-d-one,

Olanzapine Embonate
Monohydrate
(ph. Bur. monograph 1047)

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase. Dilute 2.0 mL of the solution to 10.0 mL
with the mobilephase.
Reference solution (aJ Dissolve 50.0 mg of olanzapine CRS in
the mobile phase and dilute to 100.0 mL with the mobile
phase. Dilute 2.0 mL of the solution to 10.0 mL with the
mobilephase.
Reference solution (b) Dissolve 10 mg of the substance to be
examined and 1 mg of o/anzapine impurity A CRS in the
mobile phase and dilute to 100.0 mL with the mobile phase.

Column:
- size: 1= 0.15 ill, 0 =4.6 mID;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 11m).

Mobile phase Mix 1 volume of acetonitrile R with 1 volume
of a 6.9 gIL solution of sodiumdihydrogen phosphate
monohydrate R adjusted to pH 2.5 with phosphoric acidRand
containing 12 gIL of sodiumdodecyl sulfate R.
Flow rate I.5 mIlmin,

Duection Spectrophotometer at 260 run.
Inje<tian 20 flL.
Run time 1.2 timesthe retention timeof olanzapine.
Relativeretention With reference to olanzapine (retention
time = about 7 min): impurity A = about 0.8.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and olanzapine.
Calculate the percentage content of Cl7H2oN"4S using the
chromatogram obtainedwithreference solution (a) and the
declared content of olanzapine CRS.

IMPURITIES
Specified impurities B, C, D.

Otherdetectable impuriti£s (the follawing substances wauld, if
present at a sufficient level, bedetected by one orother 0/the tests
in the monograph. Theyare limitedby thegeneral acceptance
cntetion for other/unspecified impun"ties and/or by the general
monograph Substances for pharmaceutical use (2014). It is
therefore notnecessary to identify these impurities jQY
demonstration of compliance. Seealso 5.10. Control olimpun"ties
in substances for phosmacetuical use) A.

A.5-methyl-2-[(2-nilrophenyl)amino]thiophene-3­
carbonitrile,

DEFINITION
2-Methyl-4-(4-methylpiperazin-l-yl)-1OH-thieno[2,3-b]
[I,5]benzodiazepine 4,4'-methylenebis(3­
hydroxyoaphthalene-2-carboxylate) monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
It is producedby methods of manufacture designed to
guarantee the proper hydrate form and it complies, if rested,
with a suitable test thatdemonstrates irs monohydrate nature
(e.g. X-ray powder diffraction (2.9.11)).
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11-460 Olanzapine Embonate Monohydrate

CHARACTERS
Appearance
Yellow, slightly hygroscopic powder.

Solubility
Practically insoluble in water, freely soluble in dimethyl
sulfoxide, very slightly solublein anhydrous ethanol,
practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison olanzapine embonate monohydrate CRS.
B. Water (see Tests).

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the testand reference
solutions immediately before use.
Solution A A 1.15 gIL solution of phosphoric acid R, adjusted
to pH 7.0 using a 330 gIL solution of porassium hydroxide R.
Test solution Dissolve 25.0 mg of the substance to be
examined in 5.0 mL of dimethyl sulfoxide R and dilute to
25.0 mL with mobile phase A.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solution (b) Dissolve 5 mg of o/anzapinefor system
sUliabilliy CRS (containing impurities B and D) in I mL of
dimethylsulfoxide R and dilute to 5 mL with mobile phase A.

Reference solution (c) Dissolve 5 mg of olanzapine embonate
for peak idennlication CRS (containing impurities E and F) in
I mL of dimethyl sulfoxide R' and dilute to 5 mL with mobile
phase A.

Column:
- size: I;;;; 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped extra-dense bonded octaduylsilyl

silica gd for chroma",graphy R (3.5 ~m);

- temperature: 30 "C.
Mobile phase:
- mobile phaseA: methanol R, solution A (40:60 VIV);
- mobile phaseB: solution A, methanol R (30:70 VIV);

Time Mobile phase A MobUe phase B
(min) (per cent VIV) (per cent V/1?

0-5 100 0

5 • 15 100 ...... 0 0 ...... 100

15- 19 0 100

Flow rate 1.0 mIlmin.

Detection Spectrophotometer at 259 om.
AUUJsampler Set at 5°C.

Injection 10 flL.
ldemifiauion of impuniies Use the chromatogram supplied
wirh olanzapine for system suitability CRS and rhe
chromatogram obained with reference solution (b) to identify
the peaksdue to impurities B and D; use the chromatogram
supplied with olanzapine for peak identification CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaks due to embonicacid and impurities E and F.
Relativeretention With reference to oJanzapine (retention
time =about 18 min): embonic acid =about0.2;
impurity E = about 0.3; impurity F = about 0.4;
impurity D =about 0.6; impurity B =about 0.7.
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System suitabiJity Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities D and B.
Calculation of percentage contents:
- coneaionfactor: multiply the peak area of impurity B by

0.7;
- for each impurity, use the concentration of olanzapine

embonate monohydrate in reference solution (a).

Limits:
- impurities B~ E, F: for each impurity, maximum

0.3 per cent;
- unspuified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.4 percent;
- reporting threshold: 0.05 per cent; disregard the peakdue to

embonic add.

Water (2.5.32)
2.4 per cent to 4.0 per cent, determined on 50.0 mg using
the evaporation technique at 200°C.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29).

Solution A A 1.15 gIL solution of phosphoric acidR, adjusted
to pH 7.0 using a 330 gIL solution of potassium hydroxide R.
Test solution Dissolve 25.0 mg of the substance to be
examined in 10.0 mL of dimemy! sulfoxide R and dilute '0
100.0 mL with the mobile phase.

Reference soluwn Dissolve 20.0 mg of olanzapme CRS in
20.0 mL of dimethyl sulfoxide R and dilute to 200.0 mL with
the mobilephase.
Column:
- size: 1= 0.J5 m, «2) = 4.6 mm;
- stationary phase: end-eapped extra-dense bonded oaad<Xy/si1y1

silica gd for chromatography R (3.5 um);
- temperature: 40°C.
Mobile phase Solution A, methanol R (40:60 VIV).

Flow rate 1.2 mIlmin.

Detection Spectrophotometer at 259 nm.

Injection 10 ~L.

Run lime 1.3 times the retention time of olanzapine
(retention time = about 8 min).

Calculate the percentage content of C.oH,oN,O.S taking
into account the assigned contentof C17HwN4S in
olanzapine CRS and a conversion factor of 2.243.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities B, E, F.
Otherdete<table impurities (me following substances would, if
present at a sufficientlevd,bedetected by oneor other of the lesU

in th~ monograph. Theyare limited by thegeneral acceptance
ctitetion for other/unspecified impurities andJor by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not neussaryto identify these impuniies for
demonstration of compliance. See also 5.10. Control of impurities
in subscanas for phannaceutkal use) D.
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CH,

Relative density
About 0.892.

IDENTIFICATION
A. Acid value (see Tests).

B. Iodine value (see Tests).

C. Composition of fatty acids (see Tests).

Margaric acid Maximum 0.2 pee cent for oleic acid of
vegetable origin andmaximum 4.0 per cent for oleic acid of
animal origin.

TESTS
Appearance
The substance to be examined is not moreintensely coloured
thanreference solution Yi or BYt (2.2.2, Method I).

Acid value (2.5.1)
195 to 204, determined on 0.5 g.

Iodine value (2.5.4)
89 to lOS.

Peroxide value (2.5.5)
Maximum 10.0.

Composition of fatty acid.
Gas chromatography (2.4.22, Method C).

Testsolution Prepare as described in the method but
omitting the initial hydrolysis.

Composition of thefatty acidfraction of the subslance:
- myristic acid: maximum 5.0 percent,
- palmitic acid: maximum 16.0 percent,
- pa/mitoleie acid: maximum 8.0 per cent,
- stearic acid: maximum6.0 per cent,
- o~ acid: 65.0 per cent to 88.0 per cent,
- finolek acid: maximum 18.0 percent,
- linolenic acid: maximum 4.0 percent,
- fatty acids of chain length greater than C,s: maximum

4.0 percent.

Total ash (2.4.16)
Maximum 0.1 per cent, determined on 2.00 g.

STORAGE
In an airtight, well-filled container, protected from light.

LABELLING
The labelstates the origin of oleic acid (animal or vegetable).
___________________ PhE"

Oleoyl Macrogolglycerides
(Ph. Eur. monograph 1249)

Acdon and use
Excipient.

co,H

Co,H

Action and use
Excipient.

Oleic Acid
(Ph. Bur. monograph 0799)

H,C

___________________ PhE"

E. 4-[(3-carboxy-2-hydroxynaphthalen-l-yl)methyIJ-3­
hydroxy-6-methylnaphthalene-2-carboxylic acid,

PhE" ~ _

Q~ 0

~ HN~
CH,

D. l-methyl-4-(2-methyl-1 OH-thieno[2,3-bJ[I ,5J
benzodiazepine-4-yl)piperazine I-oxide,

o
I

(N-CH3Q-bN,>N~
HN f'

S
CH,

B. 2-methyl-5, lO-dihydro-4H-thieno[2,3-b] [1,5]
benzodiezepin-f-one,

F. 4-[(3-carboxy-2-hydroxynaphthalen-I-yl)methyl]-3­
hydroxy-7-methylnaphthalene-2-carboxylic acid.

lJ2-SQ-1

DEFINITION
(Z)-Octadec-9-enoic acid (C18H,.0 2; M, 282.5), together
with varying amounts of saturated and otherunsaturated
fatty acids. A suitable antioxidant may be added.

Content
65.0 per cent to 88.0 per cent of C1sH:H 0 2'

CHARACTERS
Appearance
Clear, yellowish or brownish, oily liquid.

Solubility
Practically insoluble in water, miscible with alcoholandwith
methylene chloride.

PhE<I _

DEFINITION
Mixtures of mcncesters, diesters and triesters of glycerol and
monoesters and diesters of macrogols.
They areobtained by partial alcoholysis of an unsaturated oil
mainly containing triglycerides of oleic «9Z)-octadec-9-enoic)
acid,using macrogol with a mean relative molecular mass
between 300 and 400, or by esterification of glycerol and
macrogol with unsaturated fatty acids, or by mixing glycerol
esters and condensates of ethylene oxide with the fatty acids
of this unsaturated oil.
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11-462 Oleoyl Macrogolglycerides

CHARACTERS
Appearance
Amber oily liquid) which may give rise to a deposit after
prolonged periods at 20 "C.

Solubility
Practically insoluble hut dispersible in water) freely soluble in
methylenechloride.

Relative density
About 0.95 at 20 'C.

Refractive index
About 1.47 at 20 'C.

Viscosity
About 35 ml'a-s at 40 'C.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 1.0 g of the substance to he examined
In methylene chloride R and dilute to 20 mL with the same
solvent.

Piau TLC silica gelplate R.
Mobile phase hexaneR, etherR (30:70 VIV).

Appdcation 10 pL.

Development Over a path of 15 em.

Drying In air.

Detection Spray with a 0.1 gIL solution of rhodamine B R in
ethanol (96 per cent) R and examine in ultraviolet light at
365 run.
Results The chromatogram shows a spot due to triglycerides
with an Rp value of about 0.9 (Rl t 1) and spots due to
1,3-diglycerides (R" 0.7), to 1,2-diglycerides (R" 0.6), to
monoglycerides (R, t 0.1) and 10 esters of macrogol (Ru 0).

B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 2.0) determined on 2.0 g.

Hydroxyl value (2.5.3, MerlwdA)
45 to 65) determined on 1.0 g.

Iodine value (2.5.4, Method A)
75 to 95.

Peroxide value (2.5.5, Method A)
Maximum 12.0) determined on 2.0 g.

SaponJlication value (2.5.6)
150 to 170, determined on 2.0 g.

Alkaline impurides
Introduce 5.0 g into a test tube and carefully add a mixture)
neutralised if necessary with 0.01 M hydrochlon'c acid or with
0.01 M sodiumhydroxide, elf0.05 mL of a 0.4 gIL solution of
bromophenol blueR in ethanol (96 per cen!! R, 0.3 mL of
waterRand 10 mL of ethanol (96 per cen') R. Shake and
allow to stand. Not more than 1.0 mL of 0.01 M hydrochloric
acid is required to change the colour of the upper layer to
yellow.

Free glycerol
.Maximum 3.0 per cent.

Dissolve 1.20 g in 25.0 mL of methylene chloride R. Heat if
necessary. After cooling, add 100 mL of waterR. Shake and
add 25.0 mL of period;'; acer;,; acid solu.on R. Shake and allow
to stand for 30 min. Add 40 mL of a 75 gIL solution of
potassium iodide R. Allow to stand for I min. Add I mL of

2022

starch solution R. Titrate the iodine with 0.1 M sodium
thiosulfate. Carry out a blank titration.

1 mL of 0.1 M sodium thiosulfate is equivalent to 2.3 mg of
glycerol.

Composition of fatty acids (2.4.22, MethodA)
Composition of rhefarty-acidfraction of the substance:
- palmitic acid: 4.0 per cent to 9.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: 58.0 per cent to 80.0 per cent;
- linoleic acid: 15.0 per cent to 35.0 per cent;
- linolenic acid: maximum 2.0 per cent;
- arachidic acid: maximum 2.0 per cent,
- eicosenoic acid: maximum 2.0 per cent.

Ethylene oxide and dioxan (2.4.25)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g. Use a mixture
of 30 volumes of anhydrous methanol R and 70 volumes of
methylene chloride R as solvent.

Total ash (2.4.16)
Maximum 0.1 per cent.

STORAGE
Protected from tight.

LABELLING
The label states the type of macrogol used (mean relative
molecular mass) or the number of units of ethylene oxide per
molecule (nominal value).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on charaeuristics that are
recognised as beingrelevant control parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Some of the characrerisrics described in the Fwretionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandawryquality
cmeria. In suchcases" a cross-reference to the tests described in the
mandatorypart is induded in the Functionality-related
characteristics section. Control of the characteristics can rontn"bute
to the quality ofa medicinalproductby improving 'he consistency
of the manufactutingprocess and 'he peiformance of the medicinal
product duringuse. Where control methods are cited, they are
recognised as being suitable for tbepurpose" but othermethods can
alsobe used. W'herever results for a particular characteristic are
reported" the control methodmust be indicated.
Thefollowing characteristics may be relevant for oleoyl
macrogotglycerides used as se{f-emulsijying agents and solubilisers.

Hydroxyl value
(see Tests).

Saponification value
(see Tests).

Composition of fatty acids
(see Tests).
____________________ PhE<I
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Oleyl Alcohol
(Ph. Eur. monograph 2073)

Action and use
Nonionic surfactant.

**** ** ** ****

- stationary phase: methylpolysiloxane R (film thickness I pm).

Carriergas helium forchromatography R.
Flow rale I mUmin.

Sp/itralio I: I I.
Temperature:

_____~ POE"

POE<r ~ _

170

170 ---> 210

2'0

270

280

Temperature
Ie)

Tim,
(min)

0-1

1-9

9 - 65

Injection port

Detector

Column

Virgin Olive Oil

Daeaion Flame ionisation.
Injection I ~L.

Identify the peaks using the chromatogram obtainedwith
reference solution (a).
Relative retention With reference to oleyl alcohol (retention
time = about 30 min): palmityl alcobol = about 0.6; linolenyl
alcohol = about 0.8; linoleyl alcohol = about 0.9; stearyl
alcohol =about 1.1; arachidyl alcobol =about 1.9 (elaidyl
alcobol co-elutes with oleyl alcohol).

System suitability Reference solution (b):
- peak-w-1Jal/ey ratio: minimum 1.2, where Hp = height

above the baseline of the peakdue to linoleyl alcohol and
H", = height above the baseline of the lowest point of the
curveseparating this peakfrom the peak due to oleyl
alcohol.

Limits:
- palmitylalcohol: maximum 8.0 per cent;
- stearyl akohol: maximum 5.0 per cent;
- oleyl akohol (sum of oleyl and elaidyl alcohols): minimum

80.0 per cent;
- linoleyl alcohol: maximum 3.0 per cent;
- linolenyl akohol: maximum 0.5 per cent;
- arachillyl alcohol: maximum 0.3 pet cent.

Olive Oil

(Ph. Bur. monograph 0518)

Preparation
Olive Oil Ear Drops

DEFINITION
Fatty oil obtained by cold expression or othersuitable
mechanical means from the ripe drupes of Olea europaea L.

CHARACTERS
Appearance
Clear,transparent, yeUow or greenish-yellow liquid.

Solubility
Practically insoluble in ethanol (96 percent), miscible with
light petroleum (bp: 50-70 "C).

When cooled, it begins to become cloudyat 10°C and
becomes a butter-like mass at about 0 "C.

Relative density
About 0.913.

DEFINITION
Mixture of unsaturated and saturated long-chain fatty
alcoholsconsistingmainlyof octadec-9-enol (oleyl alcohol
and elaidyl alcohol; C I8H"O; M, 268.5). It may be of
vegetable or animal origin.

CHARACTERS
Appearance
Colourless or light yellow liquid.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Compositionof fatty alcohols (see Tests).

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution B6 (2.2.2.)
Method If).

Refractive index (2.2.6)
1.458 to 1.461, determined at 25 "C.

Cloud point
Maximum 10 "C.

Introduceabout 60 g into a cylindrical flat-bottomed
container, 30-33.5 mm in internal diameter and 115-125 mm
high. Heat to 30°C, cool, and imrnerse the container in iced
water with the surfaces of the water and the sampleat the
same level. Insert a thermometer and, using it as a stirring
rod, begin stirring rapidly and steadily when the temperature
fallsbelow 20°C. Keep the thermometer immersed
throughout the test, and removeand examine the container
at regular intervals. The cloud point is the temperature at
which the immersedportionof the thermometer, positioned
vertically in the centre of the container, is no longer visible
when viewed horizontally through the container and sample.

Acid vaIue (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl vaIue (2.5.3, Method A)
205 to 215.

Saponification vaIue (2.5.6)
Maximum 2.0.

ComposItion of fatty aIcohols
Gas chromatography (2.2.28): use the nonnalisation
procedure.
Testsolution Mix 25 mg of the substance to be examined
with 1.0 mL of methylene chloride R.
Reference soauion (a) Dissolve 25 mg of each of arachidyl
akohol R, Iinolenyl akohol R, lit/oleyl alcohol R, oleylakoholR,
palmirylalcohol Rand sleary! akoholR in methylene chloride R
and dilute to 5 mL with the same solvent. Dilute 1 mL of
this solution to 5 mL with methylene chloride R.
Reference solution (b) Dissolve 10 mg of linoleyl akohol Rand
I g of oleylalcohol R in methylene chloride R and dilute to
40 mL with the same solvent.
Column:
- mauriat; fused silica;
- size: 1= 30 m, 0 = 0.32 mm;

POE" ~_
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IDENTIFICATION
First identificasion: B.

Second identification: A.
A. Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results "The chromatogram obtained is similar to the
corresponding chromatogram shown in Figure 2.3.2.-1.
For certain types of oliveoil, the difference in the size of
spots E and F is less pronounced than in the corresponding
chromatogram shown in Figure 2.3.2.-1.
B. Composition of fatty acida (see Tests).

TESTS
Absorbance (2.2.25)
Maximwn 0.20 at 270 nm. The ratio of the absorbance at
232 run to that at 270 run is greater than 8.

To 1.00 g add cyctohexone R and dilure to 100.0 mL with the
same solvent.
Acid value (2.5.1)
Maximum 2.0) determined on 5.0 g.

Peroxide value (2.5.5, MethodA)
Maximum 20.0.

Unsaponifiable matter
Maximum 1.5 per cent.

Place 5.0 g (m g) in a 150 mL lIask filled with a reflux
condenser. Add 50 mL of 2 M alcoholic potassium hydroxide R
and heat on a water-bath for 1 h, shaking frequently.
Add 50 mL of wa.... R through the top of the condenser,
shake, allow to cool and transfer the contents of the flask to a
separating funnel. Rinse theflaskwith several portions
totalling 50 mL of light petroleum R1 and add the rinsings to
the separating funnel. Shake vigorously for 1 min.Allow to
separate and transfer the aqueous layer to a 2nd separating
funnel. If an emulsion forms, add smaU quantities of ethanol
(96 per cenlj R or a concentrated solution of potassium
hydroxide R. Shake the aqueous layer with 2 quantities, each
of 50 mL, oflight petroleum R1. Combine the light petroleum
layers in a 3rd separating funnel and washwith 3 quantities,
each of 50 mL, of ethanol (50 percent VIVi R. Transfer the
light petroleum layer to a tared 250 mL flask. Rinse the
separating funnel with small quantities of light petroleum R1
and add to the tared flask. Evaporate the light petroleum on
a water-bath and dry the residue at 100-105 "C for 15 min,
keeping the flask horizontal. Allowto cool in a desiccator and
weigh (a g). Repeat the drying forsuccessive periods of
15 minuntil the loss of mass between 2 successive weighings
does not exceed 0.1 percent. Dissolvethe residue in 20 mL
of ethanol (96 percent) R, previously neutralised to 0.1 mL of
bromophenol blue solution R. If necessary, titrate with 0.1 M'
hydrochloric acid (b mL).

Calculate the percentage contentof unsaponifiable matter
using the following expression:

100(a - 0.032b)

m

If O.032b is greater than 5 per cent of a, the test is not valid
and must be repeated.

Composition of fatty acids (2.4.22, Method A)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Compo,"".n of thefatty-acid fraction of theoil:
- saturatedfauy acidsof chain length less than C'6: maximum

0.1 per cent,
- palmitic add: 7.5 per cent to 20.0 percern,
- palmitofeic acid: maximum 3.5 per cent,
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- stearic acid: 0.5 percent to 5.0 per cent;
- okic acidand isomer: 56.0 percent to 85.0 per cent;
- linoleic acid: 3.5 per cent to 20.0 percent,
- linolenic. acid: maximum 1.2 per cent;
- arachidic acid: maximum 0.7 per cent;
- eicosenoic acid: maximum 0.4 per cent,
- behenic acid: maximum 0.2 per cent;
- lignoceric acid: maximum 0.2 per cent.

Sterols (2.4.21, Method B)
Compo,i"on of thesterolfraction of th« oil:
- cholesrerol: maximum 0.5 percent;
- campesteroi: maximum 4.0 percent;
- LJ7-su"gmasterol: maximum 0.5 percent,
- sum of contents of LJ5J23-stigmastadienol, cleroseerol,

P-sitosterol, siwstanolJ LJ5-avenasterol and LJ5J24­

stigmastadienol: minimum 93.0 per cent.
The content of stigmasterol is not greater than that of
campesterol.

Sesame 011
In a ground-glass-stoppered cylinder shake 10 mL for about
1 min with a mixture of 0.5 mL of a 0.35 per cent VIV
solution of furfural R in acetic anhydride Rand 4.5 mL of
acetic anhydride R. Filter through a filter paper impregnated
with acetic anhydride R. To the filtrate add 0.2 mL of sulfuric
acid R. No bluish-green colourdevelops.
Water (2.5.32)
Maximwn 0.1 per cent, determined on 1.00 g.

STORAGE
In a well-tilled container, protected from light,at a
temperature not exceeding 25 "C.
___________________ PIlE..

Refined Olive Oil
(ph. Bur. monograph 1456)
PIlE.. _

DEFINITION
Fatty oil obtained by refining of crude clive oil, obtained by
cold expression or othersuitable mechanical means from the
ripedrupes of Olea europaea L. A suitable antioxidant may be
added.

CHARACTERS
Appearance
Clear, colourless or greenish-yellow transparent liquid.

Solubility
Practically insoluble in ethanol (96 percent), miscible with
light petroleum (bp: 50-70 "C).

Whencooled, it begins to become cloudy at 10°C and
becomes a butter-like mass at about 0 °C.

Reladve density
About 0.913.

IDENTIFICATION
First identification: AJ C.
Second identification: A, B.
A. Acid value (see Tests).

B. Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained is similar to the
corresponding chromatogram shown in Figure 2.3.2.-1.
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_____________________ !'hE"

- arachidic acid: maximum 0.7 per cent;
- eicosenoic add: maximum 0.4 per cent;
- behenic acid: maximum 0.2 per cent;
- Iignocenc acid: maximwn 0.2 per cent.

Sterols (2.4.23, MethodH)
Composition of the s",rol fraction of the oil:
- cholesterol: maximum 05 percent;
- campesterd; maximum 4.0 per cent;
- LJ7-stigmasunol: maximwn 0.5 per cent;
- sumof contents of tJ5J23-sligmasladienol) ckrosterol)

P-sitosterol) silOslanol) L15-avenasterol and Ll5)24­
su"gmastadienoi: minimum 93.0 per cent.

The content of stigmasterol is not greater than that of
campesterol.

Sesame oil
In a ground-glass-stoppered cylinder shake 10 mL for about
I min with a mixture of 0.5 mL of a 0.35 per cent VIV
solution of furfural R in acetic anhydride Rand 4.5 mL of
acetic anhydride R. Filter through a filter paper impregnated
with acetic anhydride R. To the filtrate add 0.2 mL of sulfuric
acid R. No bluish-green colourdevelops.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In a well-filled container, protected from light, at a
temperature not exceeding 25 "C. If intended for use in the
manufacture of parenteral preparations, store underan inert
gas.

LABELLING
The labelstates, where applicable, that thesubstance is
suitable for use in the manufacture of parenteral preparations
and the name of the inert gas.

!'hE" _

DEFINITION
(5-Methyl-z-oxo- I,3-dioxol-4-yl)methyl 4-( I-hydroxy-I­
methylethyl) -2-propyl-l-[[2'- (I H-tetrazol-5-yl)biphenyl-sl-yI]
methyl]-IH-imidazole-5-carboxylate.

Content
91.5 per cent to 102.0 per cent (anhydrous substance).

For certain types of olive oil, the difference in the size of
spots E and F is less pronounced than in the corresponding
chromatogram shown in Figure 2.3.2.-1.
C. Composition of fatty acids (see Tests).

TESTS
Specific absorbance (2.2.25)
Maximum 1.20, determined at the absorption maximum at
210 om.

To 1.00 g add cyclohexane R and dilute '0 100.0 mL with the
same solvent.

Acid value (2.5.1)
Maximum 0.3, determined on 10.0 g.

Peroxide value (2.5.5, MethodA)
Maximum 10.0, or maximwn 5.0 if intendedfor use in the
manufacture of parenteral preparations.

Unsaponifiable matter
Maximum 1.5 per cent:
Place 5.0 g (m g) in a 150 mL flask filled with a reflux
condenser. Add 50 mL of 2 M alcoholic potassium hydroxide R
and heat on a water-bath for I h, shaking frequently.
Add SO mL of water R through the top of the condenser,
shake, allow to cool and transfer the contents of the flask to a
separating funnel. Rinse the flaskwith several portions
totalling 50 mL of lightpetroleum Rl and add the rinsings to
the separating funnel. Shakevigorously for 1 min. Allow to
separate and transfer the aqueous layerto a 2nd separating
funnel. If an emulsion lOnTIsJ add small quantities of ethanol
(96 per cent) R or a concentrated solution of potassium
hydroxide R. Shake the aqueous layer with 2 quantities, each
of 50 mL, of lightpetrokumRl. Combine the light petroleum
layers in a 3rd separating funnel and wash with 3 quantities,
each of 50 mL, of ethanol(50 percent VI,,? R. Transfer the
light petroleum layer '0 a tared 250 mL flask. Rinse the
separating funnel withsmall quantities of light petroleum RJ
and add '0 the flask. Evaporate the light petroleum on a
water-bath and dry the residue at 100-105 "C for 15 min,
keeping the flaskhorizontal. Allow to cool in a desiccator and
weigh (a g). Repeat the drying for successiveperiodsof
15 minuntil the loss of mass between 2 successiveweighings
does not exceed 0.1 per cent. Dissolve the residue in 20 mL
of ethanol (96 per cenV R, previously neutralised '0 0.1 mL of
bromophenol bluesolution R. If necessary, titrate with 0.1 M
hydrochloric acid (b mL).

Calculate the percentage content of unsaponifiable matter
using the following expression:

100(a - 0.032b)

m

If 0.032b is greater than 5 per cent of aJ the test is not valid
and must be repeated.

Alkaline impurities (2.4.19)
It complies with the test.

Composition offatty acids (2.4.22, MethodA)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatty-acidfraction of the oil:
- sanmuedfany acids of chain length less than CJ6: maximum

0.1 per cent;
- palmilic acid: 7.5 per cent to 20.0 per cent;
- palmitoleic add: maximum 3.5 per cent;
- steam acid: 0.5 per cent to 5.0 per cent;
- olei: add and isomer: 56.0 per cent to 85.0 per cent;
- linoleic acid: 3.5 per cent to 20.0 per cent;
- linolenic acid: maximum 1.2 per cent;

Olmesartan Medoxomil
(ph. Bur. monograph 2600)

558.6

Action and use
Angiotensin D (AT1) receptor antagonist.

Preparation
Olmesartan Tablets

144689-63-4
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II-466 Olmesartan Medoxomil

PRODUCTION
As N-nitrosamines are classified as probable human
carcinogens, theirpresence in olmesartan medoxomil should
be avoided or limitedas much as possible. For this reason,
manufacturers of olmesartan medoxomil for human use are
expected to perform an assessment of me riskof
lV-nitrosamine formation and contamination during their
manufacturing process; if this assessment identifies a
potential risk, the manufacturing process should he modified
to minimisecontamination and a controlstrategy
implemented to detect and control N-niU'osamine impurities
in olmesartan medoxomil. The general chapter 2.5.42.
N-Nlirosamlnes in activesubstances is available to assist
manufacturers.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, slightly solublein ethanol
(96 per cent), practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison olmesartan medoxomiJ CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 25 mg of the substance to be
examined in acetonitrile R and dilute to 25.0 mLwith the
same solvent.
Test solution (b) Dissolve 25.0 mg of the substance to be
examined in autotn·tri!e R and dilute to 50.0 mL with the
same solvent.
Reference solution (a) Dissolve 5 mg of olmesartan medoxomil
for system suitability CRS (containing impurities A, Band CJ
in acetonitrile R and dilute to 5 mL with the same solvent.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
50.0 mL with a"umitrileR. Dilute 1.0 mL of this solution to
10.0 mL with "",umitrile R.

Reference solution (c) Dissolve 25.0 mg of olmesanan
medoxomil CRS in a"umitrileR and dilute to 50.0 mL with
the same solvent.
Column:
- size: 1= 0.10 m, 0 ;;;; 4.6 mm;
- stationary phase: end-capped OC/)'Isilyl silica gelfor

chromatography R (3.5 ~mJ;

- temperature: 40 "C.

Mobile phase:
- mobile phaseA: mix. 20 volumes of aatonim7e Rand

80 volumes of a 2.04 gIi. solution of potassium dihydrogen
phosphate R previously adjusted to pH 3.4 with a 1.73 gIL
solution of phosphoric acid Rj

- mobile phase B: mix 20 volumes of a 2.04 gIL solution of
potassium dihydrogen plwsphate R, previously adjusted to
pH 3.4 with a 1.73 gIL solution of plwsplwric acidR, and
80 volumes of acetonitrile Rj

2022

Detection Spectrophotometer at 250 nrn,
Injection 10 ul, of test solution (a) and reference
solutions (a) and (b).

Idendfication of impurities Use the chromatogram supplied
with. olmesartan medoxomil for system suitability CRS and the
chromatogram obtainedwith reference solution (a) to

identify the peaksdue to impurities A, Band C.

Relative retention Withreference to olmesartan medoxomil
(retention time = about 10 min): impurity A = about 0.2j
impurity B = about 0.7; impurity C = about 1.5.

System suitability Reference solution (a):
- resolution: minimum 3.5 between thepeaks due to

impurity Band olmesartan medoxomil.
Limits:
- impurity A: not more than twice the area of the principal

peakin the chromatogram obtained with reference
solution (b) (0.4 per cent);

- impun"ty C:not more than 1.5 times the areaof the
principal peakin the chromatogram obtained with
reference solution (b) (0.3 per cent);

- unspeaJjed impuniies: for each impurity, not more than
0.5 times the area of the principal peakin the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than 3.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.7 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Acetone
Head-space gas chromatography (2.2.28): use the direct
calibration method.
/nremalstandard solution Dilute 1.0 mL of butanol R to
100.0 mL with dimethyl sulfoxide R.

Test solution Dissolve 0.250 g of the substance to be
examined in dimethyl sulfoxUk R, add 2.0 OIL of the internal
standard solution and dilute to 10.0 mL with dimuhyl
sulfoxide R.
Reference solution Dilute 0.50 mL of a"tone R to 200.0 mL
with dimethyl sulfoxide R. Dilute 15.0 mL of the solution to
100.0 mL with dimethyl sulfoxide R. To 25.0 mL of this
solution add 10.0 mL of the internal standard solution and
dilute to 50.0 mL with dimethyl sulfoxide R.
Column:
- material: fused silica;
- size: 1= 30 rn, 0 ;;;; 0.53 mm;
- stationary phase: macrogol 20 000 R (film thickness I urn).
Carrier gas nitrogen for chromatography R or helium for
chromatography R.

Flow rate 4.0 mlJrnin.
Splil ratio 1:5.

Static head-space conditions that may be used:
- equilibrauOn temperature: 80 "C;
- equilibration time: 30 min.

Time
(mln)

0·10

10 ~ 35

35 - 45

FIuw rate 1.0 mllmin.

MobIle phase A
(per cent pm

75

75 ..... 0

o

MobIle phase B
(per cent pm

25

25 ..... 100

100
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6054-98-4346.2

HO~

~ _N'CCCo,NaNaD,C N- I ~

4' OH

Action and use
Aminosalicylate; treatment of ulcerative colitis.

Olsalazine Sodium

____________________ "'E"

D. (5-methyl-2-oxo-I,3-dioxol-4-yl}methyl 4-(I-hydroxy-l­
methylethyl) -2-propyl-l-[[2 '- [(2-triphenylmethyl}-2H­
tetrazol-5-yl] bipbenyl-4-yl]methyl) -I H-imida201e-5­
carboxylate.

C. (5-methyl-2-oxo-I,3-dioxol-4-yl)methyl 4-(1­
methylethenyl}-2-propyl-l-[[2 '-(I H-letra2ol-5-yl)biphenyl­
4-yl]methyl]-IH-imida20le-5-casboxylate,

(Ph. Bur. monograph 1457)

50

50 ---> 180

180

200

200

Temperature
('Cl

Tim.
(min)

5

5·18
18 - 23

Temperature:

Column

Injection port

Detection

Detection Flame ionisation.
Injection I mL
Calculate the contentof acetone, taking its relative density to
be 0.79 at 20 °C.

Limit:
- acetone: maximwn 0.6 per cent.

Water (2.5.32)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfaled ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Mobile phase Mobile phase B, mobile phase A (25:75 VIV).
Injection Test solution (b) and reference solution (c).
Retention time Olmesartan medoxomil ;;;; about 10 min.
Run time 1.5 times the retention time of olmesartan
medoxomil.
Calculatethe percentagecontent OfC2~3oN606 taking into
account the assigned content of olmesanan medoxomi/ CRS.

IMPURITIES
Specified impurities A, C.

Other deteaable impwities (thefollowing substances would, if
present at a sufficient level) bedetected by oneor other of me tests
in the monograph. They are limited by thegeneral acceptance
criterion for otherlunspe<ified impurities andlor ~ thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun·tits for
demonstration of compliance. Seealso 5.10. Control ofimpunii8s
in substances forpharmaceutical use) B) D.

B. 6,6-dimethyl-2-propyl-3- [[2' -( I H-tetra201-5-yl)biphenyl-a­
yl]methyl]-3,6-dihydro-4H-furo[3,4-d]imida201-4-one,

A. 4-( I-hydroxy- j -methylethyl}-2-propyl-I-[[2'-(I H-tetra2ol­
f 5-yl}biphenyl-4-yl]methyl]-IH-imidawle-5-carboxylic acid
,. (olmesartan),

H,C- r-{O
H'CY~I :

CH,

N=N, ,
N~ NH

POE" _

DEFINITION
Disodium 3,3'-dia2enediylbis(6-hydroxybell2oate}.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appeara\lce
Yellow, fine, crystalline powder.

Solubility
Sparingly soluble in water, soluble indimethyl sulfoxide) very
slightly soluble in methanol.

It shows polymorphism (5.9).

IDENTIFICATION
First idendfiouion: B, D.
Second identification: A) C) D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 40.0 mg in 5 mL of O. J M sodium
hydroxide and dilute to 100.0 mL with a 7.8 gIL solution of
sodium dihydrogen phosphate R adjusted to pH 7.2 with strong
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11-468 Olsalazine Sodium

sodium hydroxide solution R (buffer solution). Dilute 2.0 mL
of the solution to 100.0 rnL with the buffer solution.
Spectral range 240 nm to 400 run.

Absorption maxima At 255 nm and 362 om.

Absorbance ratio A:25/A362 = 0.53 [0 0.56.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison olsalazine sodium CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance (0 be
examined in a mixture of 1 volume of dilute ammonia R2 and
4 volumes of ethanol (96 per cent) R and dilute to 10 mL with
the same mixture of solvents.
Reference solution (a) Dissolve 10 mg of o/salazine
sodium CRS in a mixture of 1 volumeof dilute ammonia R2
and 4 volumes of ethanol (96 per cent) R and dilute to 10 mL
with the same mixture of solvents.
Reference solution (b) Dissolve 5 mg of salfosalaeine CRS in
reference solution (a) and dilute to 5 mLwithreference
solution (a).

Plate TLC silica gelF254 plate R.

klobilephase anhydrous fonnie acid R, acetone R, methylene
chloride R (5:50:60 VIVIV).

Application 10 ~L.

DeveJqpmem Overa path,of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 am.
System suiUJbiJity Reference solution (b):

- the chromatogram shows 2 separated spots.
Resuiu The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained withreference
solution (a).

D. To 0.5 g add 2 mL of sulfuric acidR. Progressively heat to
ignition and continue heating untilan almost white or at
most greyish residue is obtained. Carry out me ignition at a
temperature up to 800 ± 50 QC. Dissolve the residue in
10 mL of boiling waterR and filter. 2 mL of the filtrate gives
reaction (a) of sodium (2.3.1).

TESTS
Acetate
Liquid chromatography (2.2.29).

Test solution Dissolve0.125 g of the substance to be
examined in 25.0 mL of waterR and add 1.0 mL of dilute
hydrochlori< acid R. Centrifuge and then lilter the solution
through a 0.45 um lilter and also through an appropriate
filter forremoval of chlorides.
Reference ,olution (a) Dissolve 0.140 g of sodium acetate R,
0.150 g of sodium formate Rand 0.180 g of dipotassium
sulfate R in 100.0 mL of waterR. Dilute 1.0 mL of this
solution to 100.0 mL withwater R.
Reference solution (b) Use suitable amounts of sodium
aatate R to prepare not fewer than 5 reference solutions
containing 10-50 ~glmL of acetate.

Column:
- size: 1 =0.25 m, 0 =9 mrn;
- stationary phase: ion-exclusion resin for chromawgraphy R

with a capacity of about 27 meqlcolurnn.

2022

Suppressor cdunm,

Mobile phase 0.0001 M hydrochloric acid.
Flow rate 0.9 mUrnin.
Daeaion Conductivity detector at 10 us-ern-I.

Injection 0.1 mL.

System suitability Reference solution (a):
- thechromatogram shows 3 separated peaks.
Determine the concentration of acetate in the test solution
using the calibration curve generated by the average of the
readings obtained with the reference solutions. Measure the
peakarea foracetare. Calculate the percentage contentof
acetate using the following expression:

2.6 c
m

c concentration of acetatein me lest solution, in micrograms per
mjllilitre, determined by linear interpolation of the standard
curveforreference solution (b)i

ym mass of sample, in milligrams.

Limit:
- tuelate: maximum 1.0 percent.

Methanesulfonic acid
Liquid chromatography (2.2.29).

Testsolution Dissolve0.25 g of the substance to be
examined in 20 mL of waterR, add 1.0 mL of dilute
hydrochloric acidR and dilute to 25.0 mL with waterR.
Centrifuge and then filter the solution through a 0.45 pm
filter and also through an appropriate filter forremoval of
chlorides.
Reference solution (a) Dissolve 0.25 g of muhanesulfoni<
acidR in 50 mL of water R. Add 0.58 g of sodium acetate R
and 0.08 g of sodium chloride R and dilute to 100.0 mL with
waterR. Dilute 1.0 mL of this solution to 100.0 mL with
water R.
Reference ,olution (b) Dissolve 0.10 g of melhanesulfonic
acidR in waterR and dilute to 100.0 mL with waterR.
Dilute 3.0 mL of this solution to 100.0 mL with waterR.

Precolumn:
- size: 1= 0.035 rn, 0 = 4 mm;
- stationary phase: resin for reversed-phase ion

chromatagraphy R (10 urn).

Column:
- size: 1= 0.25 m, 0 =4 mm;
- stationary phase: resin for reversed-phase ion

chromatography R (10 urn).

Mobile phase Mix 10 volumes of acewnitrile for
chromatography Rand 990 volumes of a solution containing
1.6 gIL of tetrabutylammonium hydroxide Rand 0.053 gIL of
anhydrous sodium carbonate R.
Flow rate 1.0 mUmin.
Detection Conductivity detector at 50 I!S.cm-I.

Injeclion 100 ~L.

System suitability Reference solution (a):
- the chromatogram shows3 separated. peaks.
Limit:
- methanesulfonic acid: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (0.3 percent).

Related substances
Liquid chromatography (2.2.29).
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Test solution Dissolve 20.0 mg of the substance to be
examined in mobile phase A and dilute [0 25.0 mL with
mobile phase A.

Reference solution (0) Dilute 0.5 mL of the test solution (Q

100.0 mL with mobile phase A.

Reference solution (0) Dissolve 20.0 mg of olsalazine sodium
far performance testCRS in mobilephaseA and dilute to
25.0 mL with mobile phase A.

Column:
- size: 1= 0.125 rn, 0 = 4.0 mm;
- stationary phase: octad«yfsilyl silica gelfor chromatagraphy R

(5 Jlm);
- temperature: 30°C.

Mobile phase:
- mobile phaseA: dissolve 2.38 g of tttrabuty/ammonium

hydrogen sulfate Rand 3.6 g of disodium hydrogen phasphate
dihydrate R in 900 mL of waterR, adjust to pH 7.6 with
dilute sodium hydroxide solutitm R and dilute to 1000.0 mL
with waler R, mix 700 mL of this buffer solution with
300 mL of methanol R;

- mobile phase B: dissolve4.75 g of tetrabutylammonium
hydrogen sulfate R and 3.6 g of diwdium hydrogen phosphate
dihydrate R in 900 mL of waterR, adjust to pH 7.6 with
dilutesodium hydroxide solution R and dilute to 1000.0 mL
with water R; mix 350 mL of this buffer solutionwith
650 mL of methanol R;

Thn. MobIle phase A Mobile phase B
(min) (per cent JlIJI) (per cent VIP)

0-15 55 45
IS - 45 55 -> 0 45 -> 100

45 - 50 o ..... 55 100 ..... 45

50 - 65 55 45

Flow rate 1 mUmin.
Detection Spectrophotometer at 360 run.
Injection 20 IlL.
System suitability Reference solution (b):
- the chromatogram is similar to the chromatogram

obtainedwith olsalazine sodium forperfonnance test CRS.
Limits:
- impun'ties A, B, C, D, B, F, G, H, I: for each impurity,

not more than twice the area of theprincipal peakin the
chromatogram obtainedwithreference solution (a)
(1.0 per cent), and not more thanone of the peakshas an
area greater than the area of the principal peak In the
chromatogram obtained with reference solution (a)
(0.5 per cent);

- total: not more than 4 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(2.0 percent);,

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.025 per cent).

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
an oven at 150 "C.

ASSAY
Dissolve 0.100 g in 15 mL of ethy/ene glycol R. Add 40 mL of
dioxan Rand 0.2 mL of a 224 gIL solution of potassium
chloride R. Titrate with 0.1 M hydrochloric acid, determining
the end-point potentiometrically (2.2.20). Carry out a blank
titration.

Olsalazine Sodium 11-469

Correct the volumeconsumed for the content of acetate,
taking the molecular mass of acetate to be 59.0.

I mL of 0.1 M hydrochloric acidis equivaleot to 17.31 mg of
CI4HsNzNaz06'

IMPURITIES
Specified impurities A, B, C, D, E, F, G, H, 1.

H'COD
I N co.a

Ho,e "" N> l(Y ~

~OH

A. 6-hydroxy-6'-methoxy-3,3'-diazenediyldibenzoic acid,

B. 2,6'-dihydroxy-3,3/-diazenediyldibenzoic acid,

HOY")

0 N>NyyCO,H
~OH

C. 2-hydroxy-5-[(4-hydroxyphenyl)diazenyl]benzoic acid,

D. ri-chloro-e'-hydroxy-3,3'-diazenediyldibenzoic acid,

E. 2-hydroxy-5-[[4-hydroxy-3-(sulfoacetyl)phenyl)diazenyl]
benzoic acid,

F. 2'-[(3-carboxy-4-hydroxyphenyl)diazenyl]-4,5'­
dihydroxybiphenyl-3,4'-dicarboxylic acid,

OH

HO,c

HO

HO,c

G.5-[(3-carboxy-4-hydroxyphenyl)diazenyl]-2,4'­
dihydroxybiphenyl-3,3'-dicarboxylic acid,
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II-470 Omega-3-Acid Ethyl Esters 60 2022

PIlE" _

____________________ PIlE"

PRODUCTION
The content of dioxins and dioxin-like PCBs
(polychlorinated biphenyls) is controlled using methodsand
limits in accordance with the requirements set in the
European Union or other applicable regulations.

CHARACTERS
Appearance
Light yellow liquid.

Slight fish-like odour.

Solubility
Practically insoluble in water, verysoluble in acetone, in
ethanol (96 per cent), in heptaneand in methanol.

IDENTIFICATION
A. Examine the chromatograms obtained in the assay
for EPA and DHA ethyl esters.

Results The peaksdue to eicosapentaenoic acid ethyl ester
and docosahexaenoic acidethyl ester in the chromatogram
obtained with test solution (b) aresimilar in retention time to
the corresponding peaks in the chromatograms obtainedwith
reference solutions (al) and (a2)'
B. It complieswith the limits of the assay for totalomega-S­
acid ethyl esters.

TESTS
Absorbance (2.2.25)
Maximum 0.60 at 233 urn.

Dilute 0.300 g to 50.0 rnL with trimemy/pentane R. Dilute
2.0 mL of the solution to 50.0 mL with trimethylpentane R.

Acid value (2.5.1)
Maximum 2.0, determined on 10 g in 50 mL of the
prescribed mixture of solvents.

Anisidlne value (2.5.36)
Maximum 20.0.

Peroxide value (2.5.5, Method A)
Maximum 10.0.

Ollgemers and partial glycerides
Size-exclusion chromatography (2.2.30).

Test solution Dilute 50.0 mg of the substance to be
examined to 10.0 mL with tetrahydro/uran R.
Reference sohuion Dissolve 50 mg of monodocosahexaenoin R,
30 mg of dido<osahexaenoin Rand 20 mg of
tridocosahexaenom R in tetrahydrofuran R and dilute to
100.0 mL with the same solvent.
Column 3 columns to be connected in series:
- size: / = 0.3 m, 0 = 7.8 rom;
- stationary phase: sryrene-divinylbenzene copolymer R (5 prn)

withthe followingpore sizes:
- column 1: 50 run;
- column 2: 10 urn;
- column 3: 5 nID;

- connection sequence: injector - column 1 - column 2 -
column 3 - detector.

Mabile phase tetrahydrofuran R.

Flew rate 0.8 m1Jmin.

Detection Differential refractometer.
Injection 40 111..
SystemsuitabiHty Reference solution:
- elution order. tridoccsahexaenoin,didocosahexaenoin,

rnonodocosahexaenoin;
- resolution: minimum 2.0 between the peaksdue to

didocosahexaenoin and monodocosahexaenoin;

20

40

DHAethyl
esters

25

40

50

50

50

65

60

55

Total omega-3- EPA and DHA EPA ethyl
acid ethyl esters ethyl esters esters

Minimum content (per cent)

DEFINITION
Ethyl esters of alpha-linolenic acid (CI8:3 n-3), moroctic
acid (CI8:4 n-3), eicosatetraenoic acid (C20:4 n-3),
timnodonic (eicosapentaencic) acid (C20:5 n-3; EPA),
heneicosapentaenoic acid (C21:5 0-3), clupanodonic acid
(C22:5 n-3) and cervonic (docosahexaenoic) acid
(C22:6 n-3; DHA). Omega-S-acid ethyl esters 60 are
obtained by transesterification of the body oil obtained from
fish of families such as Bngraulidae, Carangidae, C/upeidae,
Osmeridae, Selmonidae and Swmbridae or from animals of the
class Cephalopoda and subsequent physico-chemical
purification processes, including molecular distillation.
The minimum content of total omega-S-acid ethyl estersand
the minimumcontent of the omega-3-acids EPA and DHA
ethyl esters are indicated in Table 2063.-1.

(ph. Bur. monograph 2063)

Action and use
Lipid-regulating drug.

Omega-3-Acid Ethyl Esters 60

1. 3,3 r- [4-hydroxy-I ,3-phenylenebis(diazenediyl))his(6­
hydroxybenzoic) acid.

H.3,3'-[5-carboxy-4-hydroxy-I,3-phenylenebis(diazenediyl))
bis(6-hydroxybenzoic) acid,

Table 2063.-1

A suitable antioxidant may be added.

www.webofpharma.com



2022 Omega-S-Acid Ethyl Esters 60 11-471

2
ln

16 18 20 22 24 26 28 30 32 34 min

I.oligomm 2. monoglycerides 3. Iarryacid ethylesters

Figure 2063.-1. - Chromatogram for the USt for oligomen and partialg/ywides in omega-l-add ethylesten60
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4
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1
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1; y j)5'1; 17
A ,r
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9.

.'. '.

, I I I I I I I I I I I I I I I I

1. C16:0
2. C18:0
3. CI8:1 0-9

4. CIS:I 0-7
5. C18:2 0-6
6. CIS:3 0-3

7. ClS:4 0-3
8. C20:0
9. C20:1 0-9

9a. C20:1 0-11
10. C20:1 0-7
11. C20:4 0-6

12. C20:4 0-3
13. BPA
14. e22:l n-Il

15. C22:1 11-9
16. C21:5 n-3
17. e22:5 0-6

18. C22:5 0-3
19.DHA

Figure 2063.-2. - Chromatogram for the assays of omega-l-add ethylesters 60
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11-472 Omega-3-Acid Ethyl Esters 90

minimum 1.0 between the peaks due to
tridocosahexaenoin and didocosahexaenoin.

Calculate the percentage content of oligomers plus partial
glycerides using the following expression:

B
A xlOO

A sum of the areas of all me peaks in we chromatogram;
B sum of the areas of the peaks whh a retention time less than the

retention rime of the peaks due to ethyl esters.

The ethyl ester peaks, which may be present in me form of
an unresolved double peak, are identified as the major peaks
in the chromatogram (see Figure 2063.-1).

Limit:
- sum of oligomers and partialglycerides: maximum

7.0 per cent.

ASSAY
EPA and DHA ethyl esters (2.4.29)
For identification of the peaks, see Figure 2063.-2.

Total omega-S-acid ethyl esters (2.4.29)
See Figure 2063.-2.

STORAGE
Under an inert gas, in an airtight container, protected from
light.

LABELLING
The label States:
- the content of total omega-3-acid ethyl esters;
- the content of EPA ethyl.ester and DHA ethyl ester.
_____________________ PhE,;

Omega·3·Acid Ethyl Esters 90
(ph. Bur. monograph 1250)

Action and use
Lipid-regulating drug.

PhE,; _

DEFINITION
Ethyl esters of alpha-linolenic acid (CI8:3 n-3), moroctic
(stearidonic) acid (C18:4 0-3), eicosatetraenoic acid
(C20:4 n-S), timnodonic (eicosapentaenoic) acid
(C20:5 n-3; EPA), heneicosapentaenoic acid (C21:5 n-3),
c1upanodonic (omega-S docosapentaenoic) acid (C22:5 n-3)
and 'cervonic (docosahexaenoic) acid (C22:6 n-3; DBA).
Omega-3-acid ethyl esters 90 ate obtained by
transesterification of the body oil obtained from fish of
families such as Engraryidae, CarangidaeJ C/upeidae,
Osmeridae, Salmonidae and Soombridae or from animals of the
class Cephalopoda and subsequent physico-chemical
purification processes, including urea fractionation followed
by molecular distiUation.

Content
- BPA and DHA elhyl eseers: minimum 80.0 per cent and

maximum 88.2 per cent, with minimum 43.0 per cent
and maximum 49.5 per cent of EPA ethyl esters and
minimwn 34.7 per cent and maximwn 40.3 per cent of
DHA ethyl esters;

- total omega-3-acid ethylester: (corresponding to thesum of the
ethyl esters listed under Definuion): minimum 90 pet cent

A suitable antioxidant may be added.

2022

PRODUCTION
The content of polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans (PCDDIPCDF), dioxin-like
polychlorinated biphenyls (DLPCBs), non-dioxin-like
polychlorinated biphenyls (NDLPCBs; 7PCB) and
polybrominated diphenyl ethers (PBDEs) is controlled using
suitable and validated methods, for example as outlined in
Commission Regulation (EU) No 589/2014, Annex ill, and
In scientific publications of the European Food Safety
Authority [EFSA,201l].

Persistent organic pollutants Maximum content

PoIydJIorinated dibtnzo-p-djorjmand
polychlorinated dlbenzofimJm I pgfg (WHO-TEQu*)
(PCDDIPCDF)*

PolydJforinateJ dlbt1l2D-p-dioxins and
poiydlforin(.lted dibe1lZb!ltrons

5 pglg (WHO-TEQ)
(PCDDIPCDF) (.Ind dio;.in-like
polydi/oriJl(.IW biphellYls (DLPCBsJ*

N()II-dio;.i,,--/ike poIycJllorillated
bipherryb (NDLPCBs; 7PCB) (sum of

60nwg
rongtllm 28, 52, 101, 118, 138, 153
alld 180)*

Polybrominated diphenylellrm
(pBDEJ) (sum of amgenen 28, 47, 3 nglg
49, 99, 100, 153 and 154Y'*

"Commission Regulation (EU) No 589/2014, Annex III.
**EFSA ]of(mal20Ili9(5):2156. [274 pp.].
***WHO-TEQ = 2.3.7.8-Tetrachlorodibenzo-p-dioxin (2.3.7.8·TCDD) toxic
equivalent (fEQ) as agreed by WHO.

Calculate the upper-bound contents on the assumption that
all values of the different congeners below the limit of
quantification are equal to the limit of quantification.

CHARACTERS
Appearance
Light yellow liquid.

Solubility
Practically insoluble in water, very soluble in acetone, in
ethanol (96 per cent), in heptane and in methanol.

IDENTIFICATION
A. Examine the chromatograms obtained in the assay for
EPA and DBA ethyl esters.

Results The peaks due to eicosapentaenoic acid ethyl ester
and docosahexaenoic acid ethyl ester in the chromatogram
obtained with test solution (b) are similarin retention time [0

the corresponding peaks in the chromatograms obtained with
reference solutions (a1) and (a2).

B. It complies with the limits of the assay for total omega-S­
acid ethyl esters.

TESTS
Absorbance (2.2.25)
Maximum 0.55 at 233 om.

Dilute 0.300 g to 50.0 mL with tn'melhylpentane R. Dilute
2.0 mL of the solution to 50.0 mL with trimelhylpetltane R.

Acid value (2.5.1)
Maximum 2.0, determined on 10 g in 50 mL of the
prescribed mixture of solvents.

Anlsldlne value (2.5.36)
Maximum 20.0.

Peroxide value (2.5.5, MethodB)
Maximum 10.0.
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Unidentified fatty acid ethyl esters (2.4.29)
Identify the peaks in the chromatogram obtained with test
solution (b) in the assay, using Figure 1250.-2, integrating up
to 1.3 times the retention time of DHA ethyl ester. Disregard
any peak with an area less than 0.05 per cent of the total
area.
Calculate the percentage content of the fatty acid ethyl ester
corresponding to the largest single unidentified peak, using
the following expression:

2

J

100xB

A

A sum of the areas of aU peaks. excluding those due to solvents,
butylhydroxytoluene and the internal standard;

B area of the largest single unidentified peak, excluding these due
to solvents, burylhydroxytoluene and lhe internal standard.

Calculate me percentage content of total unidentified fatty
acid ethyl esters, using the following expression: (

100_100XC
A

C sum of the areas of the peaks due to ethyl esters identified in
Figure 1250.-2.

'iliiiij'iil'ii'II'·"ji'llj"ii

16 18 20 22 24 26 28 30 32 34 36 min

B
A x 100

Calculate the percentage content of oligomers using the
following expression:

2. ethyl estersl.oligomers

Figure 1250.-1. - Chromawgramfor the test for o/igomen in
omega-l-acid ethylesters 90: spiked sample

A sum of the areas of all the peaks in the chromatognlIIlj
B sum of the areas of the peaks with a retention time less than the

retention time of the peaks due to ethyl esters.

The ethyl ester peaks, which may be present in the fonn of
an unresolved double peak, are identified as the major peaks
in the chromatogram (see Figure 1250.-1).

Where the result obtained exceeds the limit due to the
presence of monoglycerides, the following procedure is
carried out.

Test solution Weigh 50.0 mg of the substance to be
examined into a quam tube. Add 1.5 mL of a 20 gIL
solution of sodium hydroxide R in methanol R, cover with
nitrogen R, cap tightly with a polytetrafhroroethylene-lined
cap, mix and heat on a water-bath for 7 min. Allow to cool.
Add 2 mL of boron tridzloride-methano/ solution R, covet with
nitrogen R, cap tightly, mix and heat on a water-bam for
30 min. Cool to 40-50 'C, add 1 mL of trimethylpentane R,
cap and shake vigorously for at least 30 s. Immediately add
5 mL of saturated sodium chloride solution R, cover with
nitrogen R, cap and shake thoroughly for at least 15 s.

Limits:
- fauy acidethylester corresponding to the largest single

unidentified peak: maximum 0.5 per cent;
- totalunidentified fatty acidethylesters: maximum

2 per cent.

Cholesterol (2.4.32)
Maximum 3.0 mg/g.

Oligomers
Size-exclusion chromatography (2.2.3fJ).

Test solution Dilute 50.0 mg of the substance (0 be
examined '0 10.0 mL with tetrahydrofuran R.
Reference solution Dissolve 50 mg of monodocosahexaenoin R,
30 mg of didocosahexaetWin Rand 20 mg of
tridocosahexaenoin R in tetrahydrofuran R and dilute to
100.0 mL with the same solvent.

Column 3 columns to be connected in series:
- size: 1== 0.3 m, 0 == 7.8 mm;
- stationary phase: styrene-divinylbenzene copolymer R (5 um)

with the following pore sizes:
- cdumn 1: 50 nm;
- column 2: 10 run;
- column 3: 5 nm;

- connection sequence: iniector - column 1 - colwnn 2 -
column 3 - detector.

Mobile phase tetrahydrofuran R.
Flow rate 0.8 mUmin.

Run time 38 min.
Deteaion Differential refractometer.

InjiXtion 40 ~L.

System su;cabl1iry Reference solution:
- elution order. tridocosahexaenoin, dldocosahexaenoin,

monodocosahexaenoin;
- resolution: minimum 2.0 between the peaks due to

didocosahexaenoin and monodocosahexaenoin;
minimum 1.0 between the peaks due to
tridocosahexaenoin and didocosahexaenoin.
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Falty acid Fatty acid Fatty acid Fatty acid

1. C14:0 0.278 8. CIS:3 n-6 0.557 15. C20;3 n-6 0.720 22. C21:5 ,.·3 0.889

2. Phyranic acid 0.416 9. CIS:3 n-4 0.574 16. C20:4 n-6 0.136 23. C22:4"..6 0.917

3. C16:3 n-4 0.431 10. CIS:3 n-3 0.585 17. Furan acid 7 0.744 24. Furan acid 10 0.922

4. C16:4 n·) 0.468 II. CIS:4 n-3 0.608 18. C20:4 n-3 0.777 25. C22:5 n-6 0.939

5. C18:0 0.488 12. CIS:4 n-I 0.618 19. Funm acid 8 0.783 26. Furan acid II 0.963

6. C18:1 n-9 0.501 13. Furan acid 5 0.691 20. EPA 0.796 21. C22:5 n-3 0.977

7. C18:2 11-6 0.535 14. C19:5 0.710 21. Funm acid 9 0.867 28.DHA 1.000

29. C24:6 1.183

r: rtlacive relmn(m with re/erma U) DHA ethyltstu (ttunrioll rime = abou'23 mill).

Figure 1250.-2. - Chromatogram far the assay of omega-3-aeid ethyl esters 90 and the testfar unidentified fau;y acidethyleuen

Transfer the upper layer to a separate rube. Shake the
methanol layer once more with 1 mL of trimethylpentane R.
Wash the combined trimethylpentane extracts with
2 quantities, each of 1 mL, of water R. Carefully evaporate
the solvent under a current of nitrogen R then add 10.0 mL
of tetrahydrofuran R to the residue. Add a small amount of
anhydrous sodiumsulfateR and filter.

Calculate the percentage content of oligomers using the
following expression:

11
A x100

A sum of me areas of all me peaks in me chromatogram;
H' sum of me areas of the peaks with a retention time less than the

retention time of the peaks due to methyl esters.

Limit:
- oligomen: maximum 1.0 per cent.

ASSAY
EPA and DHA ethyl esters (2.4.29)
For identification of the peaks, see Figure 1250.-2.

Total omega-Seactd ethyl esters (2.4.29)
See Figure 1250.-2.

STORAGE
Under an inert gas, in an airtight container, protected from
light.

Omega-3-Marine Triglycerides
(Omega-3-Acid Trig/y<erides, Ph. Eur. monograph
1352)

Action and use
Lipid-regulating drug.

""E" _

DEFINITION
Mixture of mono-, di- and triesters of omega-3 acids with
glycerol, containing mainly triesters and obtained either by
esterification of concentrated and purified omega-3 acids with
glycerol or by transestetilication of the omega-3 acid ethyl
esters, with glycerol. The origin of the omega-3 acids is the
body oilobtained from fish of families such as Engraulidae,
Carangidae, Clupeidae, Osmeridae, SaJmanidae and Scombtidae
or from animals of the class Cephalopoda. The omega-3 acids
are identified as the following acids: a~ha-linolenic acid
(CI8:3 0-3), moroctic acid (CI8:4 0-3), eicosatetraenoic acid
(C20:4 n-3), timnodonic (eicosapentaenoic) acid (C20:5 n-3;
EPA), heneicosapentaenoic acid (C21:5 0-3), clupanodonic
acid (C22:5 n-3) and cervonic (docosahexaenoic) acid '
(C22:6 n-3; DHA).

Content
- sum of the contents of the omega-3 acids EPA ond DBA,

expressed as tn"glycerides: minimwn 45 per cent;
_____________________ ""E"

www.webofpharma.com



2022 Omega-3-Marine Triglycerides 11-475

mV
2

120

3

100

80

60

40

4

12°T--- ~~

min464440 42383634323026 282422

0~fT]lllT]llTT]lmnn1)llllifllTIT1imrrrrmmrTTTTTTTmrmlTlllJ1TT11TllmmrnmnTlT1TllmmrrmmfTllTTTfTllTTTfTllTTTlTTIT1llTTlT1lmmrmmrTTTTm=

I. oligomer.;; 2. triglyccrides 3. diglycerides 4. monoglycerides 5. ethyl esters and free
fatty acids

Figure 1352.-1. - Chromatogram for the testfor oligomer<, triglycerides, ethyl esters andfree farty acids in omega-3 acids triglymides

- total omega-3 acidt} expressed as rn"glycerides: minimum
60 per cent.

A suitable antioxidant may be added.

PRODUCTION
The content of dioxins and dioxin-like PCBs
(polychlorinated biphenyls) is controlled using methods and
limits in accordance with the requirements set in the
European Union or other applicable regulations.

CHARACTERS
Appearance
Pale yellow liquid.

Solubility
Practically insoluble in water, very soluble in acetone and in
heptane, slightly soluble in anhydrous ethanol.

IDENTIFICATION
Examine the chromatograms obtained in the assay for EPA
and DHA.

Results The peaks due to eicosapentaenoic acidmethyl ester
and docosahexaenoic acid methyl esterin the chromatogram
obtained with test solution (b) are similar in retention time to
the corresponding peaks in the chromatograms obtained with
reference solutions (al) and (a2).

TESTS
Absorbance (2.2.25)
Maximwn 0.70 at 233 om.
Dilute 0.300 g to 50.0 mL with trimethylpenlane R. Dilute
2.0 mL of the solution to 50.0 mL with trimethylpenlane R.

Acid value (2.5.1)
Maximwn 3.0, determined on 10.0 g in 50 mL of the
prescribed mixture of solvents.

Anisidine value (2.5.36)
Maximwn 20.0.

Peroxide value (2.5.5, Method A)
Maximwn 5.0.

Oligomers, trlglycerides, ethyl esters and &ee fatty
acids
Size-exclusion chromatography (2.2.30).

Test solution Dilute 50.0 mg of the substance to be
examined to 10.0 mL with tetrahydrofnran R.
Reference solution Dissolve 50 mg of monodocosahexaenoin RJ

30 mg of didoaxahexaenom R and 20 mg of
tndocosahexaenoin R in tetrahydrofuran R and dilute to
100.0 mL with the same solvent.

Column 3 columns to be connected in series:
- size: 1= 0.3 m, 0 = 7.8 nun;
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18 25

2

6 10

5

16
24

3 7 13

1 4 11 17 20
22

8

I wi . J .A..I .Jh4 ••1,5 1Jk1 ~3 26
A LJJ

, ,
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 min

1. C14:0
2. C16:0

3. C16:1 8·7

4. C16:4 0-1
5. C18:0

6. CIS:l 0-9

7. CIS:l 0-7
8. C18:2 0-6
9. CIS:) 0-3

10. CIS:4 0-3
II, C20:0

12. C20:1 0-11

13. C20:1 0-9
(4. C20:1 0-7
15. C20:2 0-6

16. C20:4 0-6
17. e20:4 0-]

18. I!PA

19. C22:0
20. e22:1 n-II
21. e22:1 0-9

22. e21:5 n-3
23. e22:5 0-6
24. e22:5 0-3

25.DHA
26. C24: I 0-9

Figure 1352.-2. - Chromatogram for the assays of omega-3 acids in omega-3 acids trig/y<erides

oligomers using the following expression:

B
- x 100
A

Calculate the percentage content of ethyl esters and Cree fatty
acids using the following expression:

C
Ii x 100

sum of the areas of all the peaks in the chromatogram;
(sum of the) area(s) of the peak(s) due ro triglycerides.

Calculate the percentage content of triglycerides using the
following expression:

A sum of the areas of all the peaks in the chromatogram;
B area of the peak with a retention time less than the retention

time of the peak due to the triglycerides.

A
G

- stationary phase: styrene-divinylbenune ropoIymer R (5 J1lIl)
with the following pore sizes:
- column 1: 50 nm;
- column 2: 10 nm,
- column 3: 5 nm;

- conneaion sequence: injector - column 1 - column 2 -
column 3 - detector.

Mobile phase tetrahydro/uran R.

Flaw rate 0.8 mllrnin.
Detection Differential refractometer.

Injection 40 ~L.

Systemsuitability Reference solution:
- elution order: tridocosahexaenoin, didocosahexaenoin,

monodocosahexaenoin;
- resolution: minimwn 2.0 between the peaks due to

didocosahexaenoin and monodocosahexaenoin; minimwn
1.0 between the peaks due to tridocosahexaenoin and
didocosahexaenoin.

Identify the peaks using the chromatogram.shown in
Figure 1352.-1. Calculate the percentage content of
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____________________~PhE"

PhE" _

Appearance of solution
Solution S is clear (2.2.1).

impurities F and G
Maximum 350 ppm for the sum of the contents.

The absorbance (2.2.25) of solution S determined at 440 om
is not greater than 0.10.

Related substances
liquid chromatography (2.2.29). Prepare the solutions
immediauly before use.

Test solution Dissolve 3 mg of the substance to be examined
in the mobile phase and dilute to 25.0 mL with the mobile
phase.

Reference solution (oj Dissolve I mg of omeprazole CRS and
I mg of omeptazole impurily D CRS in the mobile phase and
dilute to 10 mL with the mobile phase.

Reference solution (b) Dilute 1.0 m.L of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 3 mg of omeprazole for peak
identijiration CRS (containing impurity E) in the mobile
phase and dilute to 20 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.6 rom;
- stationary phase: octy/si!YI silica gelfor chromatography R

(5 um).

Mobile phase Mix 27 volumes of acetonilrile R and
73 volumes of a 1.4 gIL solution of disodium hydrogen
phosphate doderahydrate R previously adjusted to pH 7.6 with
phosphone acid R.
Flow rate I mUmin.
Detection Spectrophotometer at 280 nrn.

Jujution 40 1'1-.
Run time 5 times me retention time of omeprazole.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity D; use the chromatogram supplied with omeprazole
for peak identifiauion CRS and the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity E.
Relativeretention With reference to omeprazole (retention
time =about 9 min): impurity E = about 0.6;
impurity D =about 0.8.

System suiUlbi/ity Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurity D and omeprazole, if necessary, adjust the pH of
the aqueous part of the mobile phase or the concentration
of acetoniuile R; an increase in me pH will improve the
resolution.

Limits:
- impurities D, E: for each impurity, not more than

1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- unspecified impurities: for each impurity) not more than me
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- Mud: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

**** ** •• •*••

7359Q.58-6

and enanliomer

345.4

sum of the areas of all the peaks in the chromatogram;
(sum of the) area(s) of the peak(s) due [0 ethyl esters and free
farry acids.

A
D

Omeprazole
(ph. Eur. monograph 0942)

DEFINITION
5-Methoxy-2-[(RS)-[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl)sulfinyl]-IH-benzimidazole.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARAGrERS
Appearance
White or almost white powder.

Solubility
Very slightly soluble in water, soluble in methylene chloride,
sparingly soluble in ethanol (96 per cent) and in methanol.
It dissolves in dilute solutions of alkali hydroxides.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison omeprazole CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R) evaporate to dryness and
record new spectra using the residues.

TESTS
Solution S
Dissolve 0.50 g in methylene chloride R and dilute to 25 mL
with the same solvent.

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

Preparations
Omeprazole Gastro-resistant Tablets

Omeprazole Oral Suspension

Limits:
- oligomers: maximum 3.0 per cent;
- tng!ycen"des: minimum 50.0 per cent;
- ethyl esters andfree fatly acids: maximum 5.0 per cent.

ASSAY
EPA and DBA (2.4.29)
For identification of the peaks, see Figure 1352.-2.

Total omega-3 acids (2.4.29)
See Figure 1352.-2.

STORAGE
Under an inert gas, in a well-filled, airtight container,
protected from light.
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Loss on drying (2.2.32)
Maximwn 0.2 per cent, determined on 1.000 g by drying in
vacuo at 60°C at a pressure not exceeding 0.1 kPa for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 10 mL of water Rand
40 mL of ethanol (96 pe- cen!i R. Titrate with 0.1 M sodium
hydroxide, determining the end-point potentiometrically
(2.2.211).

1 mL of 0.1 M sodium hydroxide is equivalent to 34.54 mg
of C17Hl9N303S.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8°C.

IMPURITIES
Specified impuriries D, B, F, G.
Other detutable impurities (the folk>wing ,ubstances W<JUfd, if
present at a suffiaentlevel, be detected by one or other of the rests
in the monograph. They are limited by thegeneral a«epuma
criterion for otherhmspedfied impurities and/or by thegen...af
monograph Sub,tances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmauutical use) A, B, C, H, 1.

A. 5-methoxy-IH-benzimidazole-2-thiol,

---r\.-H,CO '----< _NH CH,
NAs~ andenanUomer

" Io N d CH,

B. 2-[(RS)-[(3,5-dimethylpyridin-2-yl)methyl)suifinyl]-5­
rnethoxy-lH-benzimidazole,

2022

E. 4-methoxy-2-[[(RS)-(5-methoxy-lH-benzimidazol-2-yl)
suifinyl)methyl]-3,5-dimethylpyridine I-oxide,

F. 8-methoxy-I,3-dimethyl-I2-thioxopyrido
[1',2':3,4] imidazo[I,2-a]benzimidazol-2(12H)-one,

G. 9-methoxy-I,3-dimethyl-12-thioxopyrido
[1',2' :3,4]imidazo[l,2-a]benzimidazol-2(l2H)-one,

---r\.-H,CO '----< _NH CH,
NASl):CI andenanlk>mer

"o N d CH,

H.2-[(RS)-[(4-<:bloro-3,5-dimethylpyridin-2-yl)methyl)
suifinyl]-5-methoxy-IH-benzimidazole,

I. 4-methoxy-2-[[(5-methoxy-lH-benzimidazol-2-yl)sulfonyl)
methyl]-3,5-dimethylpyridine I-oxide.

____________________ ""EII

C. 5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfanyl]-IH-benzimidazole (ufiprezole),

H'CO-Q:.xS;D::'OCH,
.. I
00 N # CH,

Omeprazole Magnesium
(Ph. Bur. monograph 2374)

713 95382-33-5

D.5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfonyl]-IH-benzimidazole (omepmzole sulfone),

Acdon and use
Proton pump inhibitor; treatment of peptic ulcer disease.

""Ell _

DEFINITION
Magnesium bis[5-methoxy-2-[(RS)-[(4-methoxy-3,5­
dimethylpyridin-2-yl)methyI]sulfinyl]-I H-benzimidazol-l-ide].
It contains a variable quantity of water.
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Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Veryslightly soluble in water, sparingly soluble in methanol,
practically insoluble in heptane.

IDENTIFICATION
Carry out either tests A, B, C or tests A, B, D.

A. Optical rotation (2.2.7): -<l.IO' to + 0.10'.

Dissolve 0.250 g in methanol R and dilute to 25.0 mL with
the same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison omeprazo/e magnesium CRS.
C. Atontic absorption spectrometry (2.2.23) as described in
the test for magnesium.

The test solution shows the'absorption maximum at
285.2 nm.

D. Igniteabout 0.5 g of the substance to be examined
according to the procedure for the sulfated ash test (2.4.14).
Dissolve the residue in 10 mL of water R. 2 mL of this
solution gives the reaction of magnesiwn (2.3.1).

TESTS
Absorbance (2.2.25)
Maximum 0.10 at 440 nm.

Dissolve 0.500 g in methanol R and dilute to 25.0 mLwith
me same solvent. Filterjhe solution through a membrane
filter (nominal pore size 0.45 um).

Related substances
liquid chromatography (2.2.29): use the normalisation
procedure. Prepare the solutions immediately before use.
Test solution Dissolve 3.5 mg of the substance to be
examinedin the mobile phase and dilute to 25.0 mL with
the mobilephase.
Reference solution (a) Dissolve I mg of omeprazole CRS and
I mg of omeprazole impurity D CRS in the mobile phase and
dilute to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 3 mg of omeprazole for peak
identification CRS (containing impurity B) in the mobile
phase and dilute to 20.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Column:
- size: 1= 0.125 ill, QJ = 4.6 mrn;
- stationary phase: octylsi!Yl silica gelfor chromarography R

(5 urn),

Mobile phase Mix 27 volumes of acetonitTue R and
73 volumes of a 1.4 gIL solution of disodium hydrogen
phosphate dodecahydrate R previously adjusted to pH 7.6 with
phosphoric acid R. '

F/uw rate 1 rnUmin.
Detection Spectrophotometer at 280 nm.

Injection 40 "L.
Rut, time 5 times the retention time of omeprazole.
Identification of impurities:
- use the chromatogram suppliedwith omeprazole for peak

identification CRS and the chromatogram obtained with
reference solution (b) to identify the peakdue to
impurity E;

Omeprazole Magnesium 11-479

- use the chromatogram obtained withreference
solution (a) to identify Ute peakdue to impurity D.

Relative retention With reference to omeprazole (retention
time =about 9 min): impurity E =about 0.6,
impurity D =about 0.8.

System suit{lbility Reference solution (a):
- resolution: minimum 3.0 between the peaksdue to

impurity D and omeprazole; if necessary, adjust the pH of
the aqueous part of the mobile phase or its proportion of
acetonitrile; an increase in the pH will improve the
resolution.

Limits:
- impm;ties D, E: for each impurity, maximum 0.1 per cent;
- unspecified imputities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
-r-r- disregard limit: half the area of the principal peak in the

chromatogram obtained with reference solution (c)
(0.05 per cent).

Magnesium
3.30 per cent to 3.55 per cent (anhydrous substance).
Atontic absorption spectrometry (2.2.23, Method I).

Test solution Dissolve 0.250 gin 20.0 mL of a 103 gIL
solution of hydro<hloric acid R by slow addition of the acid
and dilute to 100.0 mL with water R. Dilute 10.0 mL of the
solution to 200.0 mL with water R. To 10.0 mL of this
solution add 4 mL of lanthanum chloride solution R and dilute
to 100.0 mL with water R.
Reference solutions Prepare the reference solutionsusing
magnesium standard solurion (J000 ppm Mg) R, dilutingwith a
mixture of I mL of a 103 gIL solution of hydrochloric acidR
and 1000.0 mL of waterR.
W01Jelengrh 285.2 nm.

Water (2.5.12)
7.0 per cent to 10.0 per cent, determined on 0.200 g.

ASSAY
liquid chromatography (2.2.29).

BufferpH 11.0 Mix II mL of a 95.0 gIL solution of
trisodium phosphate dodecahydrate Rand 22 mL of a 179.1 gIL
solution of disodium hydrogen phosphate dodecahydrate R.
Dilute to 100.0 mL with waterR.

Test solution Dissolve 10.0 mgof the substance to be
examined in about 10 mL of methanol R. Add 10 mL of
buffer pH 11.0 and dilute to 200.0 mL with waterR.
Reference solution Dissolve 10.0 mg of omeprazole CRS in
about 10 mL of methanol R. Add 10 mL of buffer pH 11.0
and dilute to 200.0 mL with water R.
Column:
- size: 1= 0.125 m, 0 = 4 mmj
- stationary phase: octy/sllyI silica gelfor chromatography R

(5 pm).

Mobile phase Mix 35 volumes of a",ronitrile Rand
65 volumes of a 1.4 gIL solution of disodium hydrogen
phosphate dodwlhydrate R previously adjusted to pH 7.6 with
phosphoric acidR.
Flow rate I mllmin.
Deuction Spectrophotometer at 280 om.

Injection 20 "L.
Run time 1.5 times the retention time of omeprazole.
Retenrion time Omeprazole = about 4 min.
Calculate the percentage content of C34H36MgN606S2 from
the declared contentof omeprazole CRS.
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II-480 Omeprazole Sodium 2022

Action and use
Proton pump inhibitor; treatment of peptic ulcer disease.

1 g of omeprazole is equivalent to 1.032 g of omeprazole
magnesium.

STORAGE
In an airtight container, protectedfrom light.

IMPURITIES
Specified impurities D, B.

Otherdetectable impurities (thefoUowing substances would, if
present at a sufficient levd, bedetected by oneor other of the tests
in the manograph. They arelimited by the general ae<ePtance
criterion for other/unspecified impurities and/orby thegeneral
monograph Substances for pharmaceutical use (2034). II is
therefore not n«essary to identify these impurities for
demonstration of compliance. Seealso5.10. Control of impumies
in substances for pharmaceutical use) A, B, C.

Omeprazole Sodium
(ph. Bur. monograph 1032)

H3CO-QN" CH3

Na J.-.. UOCH3N S -e •

"ON"""
andenantiomer CH3

385.4

H20

95510-70-6

A. 5-methoxy-IH-benzimidazole-2-thiol,

B. 2-[(RS)-[(3,5-dimethylpyridin-2-yl)methyl]sulfinyl]-5­
melhoxy-IH-benzimidazole,

C.5-methoxy-2-[[(4-methoxy-3,5-<1imethylpyridin-2-yl)
methyl]sulfanyl]-IH-benzimidazole,

H3CO-QNH CH,

NJ.-..S66:OCH3
11\\ I
00 N ~

CH3

D.5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfonyl]-IH-benzimidazole,

H3CO-Q#NH CH,

J.-.. n OCH
'N ~ I

o ...... N .#
andenantiomer 0 CH3

E. 4-methoxy-2-[[(RS)-(5-methoxy-IH-benzimidazol-2-yl)
sulfinyl]methyl]-3,5-dimethylpyridine I-oxide.

____________________ Pl>E~

PhE" _

DEFINITION
Sodium 5-methoxy-2-[(RS)-[(4-methoxy-3,5­
dimethylpyridin-2-yl)methyl]sulfinyl]-IH-benzimidazole
monohydrate.

Content
98.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freelysoluble in water and in ethanol (96 per cent), soluble
in propylene glycol, very sligbdy soluble in methylene
chloride.

IDENTIFICATION
A. Optical rotation (2.2.7): -0.10' to + 0.10', determined on
solution S.
B. Infrared absorption spectrophotometty (2.2.24).

Preparation Dissolve 0.50 g of the substance to be examined
in 1.50 mL of waterR, add 3.0 mL of methanol R and stir;
while stirring, adjust to pH 8-9 by adding, dropwise, dilure
acetic acid R (about 0.4 mL)i continue stirring until
crystallisation and isolate thecrystalline precipitate by
filtration; washwith 5 mL of waterR, then 2 mL of
methanol R, and dry in vacuo at 40 DC for 30 min.

Comparison omeprazole CRS.

If the spectra obtained in the solid state show differences,
dissolvethe crystalline precipitate and the reference substance
separately in methanol R, evaporate to dryness and record
new spectra using the residues.
C. Ignite 1 g and cool. Add 1 mL of water R to the residue
and neutralise withhydrochfon'c acid R. Filterand dilute the
filtrate to 4 mL with waterR. 0.1 rnL of the solution gives
reaction (h) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.50 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) andnot more intensely coloured
thanreference solution B6 (2.2.2, MethodII).

pH (2.2.3)
10.3 to 11.3 for solution S.

Related substances
Liquid chromatography (2.2.29). Prepare ,o/ulions immediately
before use.
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Test solution Dissolve 3 mg of the substance to be examined
in the mobile phase and dilute to 25.0 ml, with the mobile
phase.
Reference solution (a) Dissolve 1 mg of omeprazole CRS and
I mg of omepmzole impuniy D CRS in the mobile phase and
dilute to 10.0 mL with the mobile phase.

Reference solution (b) Dilute 1.0 ml, of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 3 mg of omeprazole for fJMk
identification CRS (containing impurity E) in the mobile
phase and dilute to 25.0 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.6 mrn;
- stationary phase: octylsi/yl silica gelfor chroma"'graphy R

(5 urn).

Mohaephase Mix 27 volumes of ace",nitrile Rand
73 volumes of a 1.4 gIL solution of disodium hydrogen
phosphate dodecahydrate R, previously adjusted to pH 7.6 with
phosphoric acidR.
Flow rate 1 mIlmin.
Detection Spectrophotometer at 280 nm.

Injection 40~.

Run time 5 times the retention time of omeprazole.
Idemificadon of impurities Use the chromatogram supplied
with omeprazole for fJMh identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity E; use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity D. .

Relativeretendon With reference to omeprazole (retention
lime = about 9 min): impurity E = about 0.6;
impurity 0 = about 0.8.

Sys",m suitabaity Reference solution (a):
- resolution: minimwn 3.0 between the peaksdue to

impurity D and omeprazole; if necessary adjust the pH of
the aqueous partof the mobile phaseor the concentration
of acetonitrile R; an increase in the pH will improve the
resolution.

Limits:
- impurities D, E: for each impurity, not more than

1.5 times the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in me chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtainedwithreference solution (b)
(0.5 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Water (2.5.12)
4.5 per cent to 10.0 per cent, determined on 0.300 g.

ASSAY
Dissolve 0.300 g in 50 rnl, of waterR. Titrate with 0.1 M
hydrochloric acid,determining the end-pointpotentiometrically
(2.2.20).

I ml, of 0.1 M hydrochloric acidcorresponds to 36.74 mg
of C17HlSN,NaO,S.

Omeprazole Sodium 11-481

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities D, E.

Otherdetectable impurities (thefollowing substances uxndd, if
present at a sufficiemlevd, be detected by oneorother of the tests
in the monograph. They are limited by thegeneral acceptance
en-tenon for othethmspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). 11 is
therefore not necessary W h/enlify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) A, B, G.

A. 5-methoxy-IH-benzimidawle-2-thiol,

B. 2-[(RS)-[(3,5-dimethylpyridin-2-yl)methyl]sulfinyl]-5­
methoxy-lH-benzimidazole,

C.5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfanyl]-IH-benzimidazole (ufiprazole),

D.5-methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)
methyl]sulfonyl]-IH-benzimidazole (omeprazole-sulfone),

E. 4-methoxy-2-[[(RS)-(5-methoxy-IH-benzimidazol-2-yl)
sulfinyl] methyl]-3,5-dimethylpyridine L-oxide.

____________________ Ph,,,
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II-482 Ondansetron Hydrochloride Dihydrate 2022

""Ell ~ _

Action and use
Serotonin 5-HT3 antagonist; treatment of nausea and
vomiting.
Preparations
Ondansetron Injection

Ondansetron Tablets

DEFINlTION
(3RS)-9-Methyl-3-[(2-methyl-IH-imidazol-I-yl)methyl]­
1,2,3,9-tttrahydro-4H-carbazoI4-one hydrochloride
dihydrate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Sparingly soluble in water, soluble in methanol, sparingly
soluble in ethanol (96 per cent), slightly soluble in methylene
chloride.

Retardation factors Impurity A = about 0.3;
impurity B =about 0.4; ondansetron :::: about 0.6.
Systemsuitability The chromatogram obtained with
reference solution (a) shows 3 clearly separated spots.
Limit:
- impuniy B: any spot corresponding to impurity B in the

chromatogram obtained withthe test solution is not more
intense than the principal spot in the chromatogram
obtained withreference solution (b) (0.4 percent).

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 50.0 mg of the substance to be
examined in themobile phaseand dilute to 100.0 mL with
the mobilephase.
Test solution (b) Dissolve 90.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobilephase.Dilute 10.0 mL of the solutionto
100.0 mL with the mobile phase.

Reference solution (a) Dilute 2.0 mL of test solution (a) to
100.0 mL with the mobile pbase. Dilute 10.0 mL of this
solutionto 100.0 mL with the mobile phase.
Reference solution (b) Dissolve5.0 mg of ondansetron
impurily E CRS and 5 mg of ondansetron impurily A CRS in
the mobile phase and dilute to 100.0 mL with the mobile
phase.
Reference solution (c) Dissolve 5 mg of ondansetron far LC
system suitability CRS (containing impurities C and D) in the
mobile phase and dilute to 10 mL with the mobile phase.

Reference solution (d) Dissolve 5,0 mg of ondansetron
impurity D CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 1.0 mL of the solution 10

100.0 mL with the mobile phase.

Reference solution (e) Dissolve 90.0 mg of ondansetron
hydrochloride dihYdrare CRS in the mobile phase and dilute to
100.0 mL with the mobile phase. Dilute 10.0 mL of the
solution to 100.0 mLwith the mobilephase.
Reference solution (j) Dissolve 5.0 mg of ondansetron
impuniy F CRS and 5 mg of ondansetron impurity G CRS in
the mobile phase and dilute to 100.0 mL with the mobile
phase.
Reference solution (g) To 1.0 mL of reference solution (b)
add 1.0 mL of reference solution (I) and dilute to 100.0 mL
with the mobile phase.
Column:
- size: 1= 0.25 m)0 = 4.6 mm;
- stationary phase: cyano,ilyl silica gelfor chromatography R

(5 urn).

Mobile phase Mix 20 volumes of aceumitrile R) and
80 volumes of a 2.8 gIL solution of sodium dihydrogen
phosphare monohydrate R previously adjusted to pH 5.4 with a
40 gIL solution of sodium hYdroxide R.
Flow rale 1.5 mUmin.
Detection Spectrophotometer at 216 nm.
lnjecu"on 20 ilL of test solution (a) and reference
solutions (a), (b), (c), (d), (I) and (g).

Run time 1.5 times the retention time of ondansetron.
Identification of impurities:
- use the chromatogram supplied withondansetron for LC

system suitability CRS and the chromatogram obtained
with reference solution (c) to identify thepeaks due to
impurities C andD;

**** ** ** ****

103639..1)4..9

, HCl , 21<,0

365.9

H,C

~
N I H,C

... H ~N
_ -N I

o "-
andenanUomer

Ondansetron Hydrochloride
Dihydrate
(ph. Eur. monograph 2016)

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ondansetron hydrochloride dihydrare CRS.
B. It gives reaction (a) of chlorides (2.3.1).

TESTS
ImpurityB
Thin-layer chromatography (2.2.27).

Solvem mixture concentrated ammonia R, ethanol
(96 per cenv R, methanol R (0.5:100:100 VIV/V).

Test solution Dissolve 0.125 g of the substance to be
examined in the solvent mixture and diluteto 10.0 mL with
the solventmixture.
Reference solution (a) Dissolve 12.5 mg of ondansetron far
TLC sysrem suitabilily CRS (containing impurities A and B) in
the solventIIlixtuie and dilute to 1.0 mL with the solvent
mixture.
Reference solution (b) Dilute I mL of the test solution to
100 mL with the solvent mixture. Dilute 4.0 mL of this
solution to 10.0 mL with the solventmixture.
Plare TLC silica gelF254 p1are R.

Mobile phase concentrated ammonia R, methanol R) ethyl
autare R, methylene chloride R (2:40:50:90 VIVIVIV).

AppiU:ation 20]1L.

Development Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
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2022 Ondansetron Hydrochloride Dihydrate 11-483

E. IH-imidazole,

H,C

~N
N-.".J

A. (3RS)-3-[(dimethylamino)methyl]-9-methyl-I,2,3,9­
tetrahydro-4H-carbazol-4-one,

~N

HN~

H,C,

~",N I ,H CH and enantiomer
'I " 3

'~N
~ ,

o CH3

c9Y:
H

HC
, "' I ... H 3A- N andenanliomer

_ -N I
o \P'

B. 6,6'-methylenebis[(3RS)-9-methyl-3-[(2-methyl-IH­
imidazol-I-yl)methyl]-I,2,3,9-tetrabydro-4H-carbazol-4­
one],

C. 9-methyl-l,2 J3J9-tetrahydro-4H-carbazol-4-oneJ

D.9-methyl-3-methylene-I,2,3,9-tetrahydro-4H-carbazol-4­
one,

F. 2-methyl-IH-imidazole,

G. (3RS)-3-[(IH-imidazol-I-yl)methyl]-9-methyl-I,2,3,9­
tetrabydro-4H-catbazol-4-one (C-desmethylondansetron),

- use the chromatogram obtained with reference
solution (b) to identify the peaks due to impurities A
and B;

- use the chromatogram obtained. with reference solution (0
to identify the peaks due to impurities F and G.

Relativeretention With reference to cndansetron (retention
time =about 18 min): impurity E =about 0.17;
impurity F =about 0.20 (E and F may coelute);
impurity C = about 0.35; impurity D = about 0.45;
impurity A =about 0.80; impurity G =about 0.89 (A and G
may coelute or be inverted).
System suitability Referencesolution (c):
- resolution: minimum2.5 between the peaks due to

impurities C and D.
Limits:
- cotreaion factor: for the calculation of content, multiply the

peak area of impurity C by 0.6;
- impun"ty C: not more than the area of the principal peak

in the chromatogram obtainedwith reference solution (a)
(0.2 pet cent);

- impun"ty D: not more than 15 times the area of the
principal peakin the chromatogram obtainedwith
reference solution (d) (0.15 per cent);

- sum of impumies A and G: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);

- sumof impurities E and F: not more than the sum of the
areas of the corresponding peaks in the chromatogram
obtainedwith reference solution (g) (0.2 per cent);

- unspecified impurities: for each impurity) not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total: maximum 0.4 per cent;
- disregard limir. 0.25 times the area of the principal peakin

the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Water (2.5.11)
9.0 per cent to 10.5 per cent, determined on 0.200 g.

Suilllted ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
relatedsubstances with the following modification.
Injection Test solution (b) and reference solution (e).
Calculate the percentage content of ClsH20ClNJO from the
declared content of ondonsetron hydrochloride dihydra.. CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impun·ties A, B, C, D, BJ F, G.
Other detectable impur;.., (the/oI10wing substances would, if
present at a sufficient level, be detected by one or other of the tau
in the monograph. Theyare limited by thegeneral aeupulnu
criterion for otherhmspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance; See also 5.10. Control of impun·'"
in substances for pharmaceutical use) H.

H. (3RS)- 3-[(2-methyl-IH-imidazol-I-yl)methyl]-1,2,3,9­
tetrahydro-4H-carbazol-4-one (N-desmethylondanserron).

____________________ PIIEfI
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11-484 Orciprenaline Sulfate 2022

PhE" _

Mobile phase ammonia R, waterR) aldehyde-free methanol R
(1.5:10:90 VIVII').

Application 2 ~L.

Development Over 213 of the plate.

Drying In air.
Detection Spray with a 10 gILsolutionof potassium
permanganate R.
Systemntt"tability Reference solution (b):

- the chromatogram shows 2 clearly separated principal
spots"

Results The principal spot in the chromatogram obtained
with the test solution is similar in position) colourand size to
the principal spot in the chromatogram obtained with
reference solution (a).
D. Dissolve about 20 mg in 2 mL of ethanol (96 per cent) R.
Add 2 mL of a I gIL solution of dichloroquinonechlorimide R
in ethanol(96 percen!! R and I mL of sodium carbonate
solution R. A violet colouris produced) turning to brown.
E. It gives reaction (a) of sulfates (2.3.1).

TESTS
Solution S
Dissolve 2.0 g in carbon dioxide-free water R and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodIf).

pH (2.2.3)
4.0 to 5.5 for solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20 mg of the substance to be
examined in the mobilephaseand dilute to 20 mL with the
mobile phase.
Reference solutUm (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile pbase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 2 mg of orciprenaline for system
suitaln1ity CRS (containing impurities A and B) in 2.0 mL of
the mobile phase.

Column:
- size: ,; 0.125 m, 0 ; 4.0 mm;
- suuionatyphase: spherical end-capped oc<ade<ylsi/yl silica gel

for chromawgrapfty R (5 urn);
- temperature: 45 'C.
Mobile phase Dissolve 9.1 g of potassium dihydrogen
phosphate R and 4.6 g of sodium octanesu/fonate R in waterR,
adjust to pH 4.0 with dilute phosphoric acid R and dilute to
1000 mL with waterR. Add 140 mL of acetonitrile R.
Flow rate 1.5 mUmin.

Detection Spectrophotometer at 280 run.
Injection 10 1'1-.
Run time Twice the retention time of oreiprenaline.
Identification of impuniies Use the chromatogram supplied
with orciprenaline for system suitability CRS and the
chromatogram obtainedwithreference solution (b) to
identify the peaks due to impurities A and B.

Re/atifJe retention With reference to orciprenaline (retention
time = about 7 min): impurity A = about0.9;
impurity B ; about 1.3.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 betweenthe peaksdue to

impurity A and orciprenaline.

5874-97-5520.6

Orciprenaline Sulphate

(ph. Eur. monograph 1033)

Action and use
Betaj-adrenoceptor agonist; bronchodilator.

DEFINITION
Bis[5-[(1RS)-I-hydroxy-2-[(I-methylethyl)amino]
ethyl]benzene-I,3-diol] sulfate.

Content
·98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

Solubility
Freelysoluble in water, slightly solublein ethanol
(96 per cent), practically insolnble in methylene chloride.

IDENTIFICATION
First identification: B, E.
Second identification: A.. C.. D, E.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg in a 0.04 per cent VIV
solution of hydrochloric acidR and dilute to 50.0 mL with the
same solution. Dilute 5.0 mL of this solution to 50.0 mL
with a 0.04 per cent VIV solution of hydrochloric acidR.
Spectral range 240-350 om.
AbsorptUm maximum At 278 om.
Specific absorbance at theabsorption maximum 68.5 to 76.0
(anhydrous substance).

B. Infrared absorption spectrophotometry (2.2.24).·

Comparison orciprenaline sulfate CRS.

If the spectra obtainedshow differences, dissolve separately,
with heating, 50 mg of the substance to be examined and
50 mg of the reference substance, in the minimum volumeof
warer R. Add 10 mL of acewne R and centrifuge. Dry the
precipitates at 40 °C under reduced pressure for 3 hand
record new spectra using the residues.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in ethanol(96 per cen!! R and dilute to 10 mL with
the same solvent.
Reference solution (a) Dissolve 10 mg of orciprmaline
sulfa" CRS in ethanol (96 percent) R and dilute to 10 mL
with the same solvent.
Reference solution (b) Dissolve 10 mg of orciprenaline
su/fa" CRS and 10 mg of salbutamol CRS in ethanol
(96 per cen!! R and dilute to 10 mL with the same solvent.

Plate TLC silica gel G plate R.

Orciprenaline Sulfate
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2022 Orphenadrine Citrate II-485

~ POE<r

4682-36-4

CC:o,H
(OH
Co,H

461.5

Action and use
Anticholinergic.

PilE<r _

DEFINITION
(RS)-N,N-Dimethyl-2-[(2-methylphenyl)
phenylmethoxy]ethanamine dihydrogen 2-hydroxypropane­
1,2,3-tricarboxylate.

Content
98.5 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent).

mp
About 137°C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison orphenadrme citrate CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and its absorbance (2.2.25) at
436 nm has a maximum of 0.050.

Dissolve 1.0 g in a 3.6 per cent VIV solution of hydrochloric
acid R in ethanol (96 percent) R and dilute to 10.0 mL with
the same acid solution.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

o

HO~~yCH'
Y CH3

OH

(ph. Eur. monograph 1759)

C. 3-hydroxy-5-[(I RS)-I-hydroxy-2-[(I-methylethyl)
amino]ethyIJcyclohex-2-enone.

Orphenadrine Citrate

B. 1-(3,5-dihydroxypbenyl)-2-[(I-methylethyl)
amino]ethanone,

H-, OH H

HOT" CH,I Y andenanliomerCH,
o

Limits:
- C01TeClwn factor: for the calculation of content, multiply the

peak area of impurity B by 0.3;
- impurities A, B: for each impurity, not more than the area

of the principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Phenone
Maximum 0.1 per cent.

Dissolve 0.50 g in a 0.04 per cent VIV solution of hydrochloric
acid R and dilute to 25.0 mL with me same solution.
The absorbance (2.2.25) of the solution measured at 328 nm
is not greater than 0.16.

Iron (2.4.9)
Maximum 20 ppm.

The residue obtained in the test for sulfated ash complies
with the test. Prepare the reference solution using iron
standardsoluti.. (2 ppm Fe) R.

Water (2.5.12)
Maximwn 2.0 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent..determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 5 mL of anhydrous formic acidR and add
30 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchlotic acid using 0.1 mL of crystal violetsolution R as
indicator.
I mL of 0.1 M perchlmi< acid is equivalent to 52.06 mg
of C:nH,oNzO,oS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B.
Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be defected by oneor other of thetests
in the monograph. They are limited by thegeneral acceptance
criterion for othetiunspecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5. JO. Control of impun·ties
in substances forpharmaceutical use) C.

HO¢H.OH
I " H andenanliomer"'" yC a

OH CH3

A. (4RS)-2-(I-methylethyl)-I,2,3,4-tetrahydroisoquinoline­
4,6,8-triol,

www.webofpharma.com



11-486 Orphenadrine Citrate

Test solution Dissolve 0.500 g of the substance to be
examined in waterR and dilute to 50 mL with the same
solvent. Add 2 mL of concentrated ammonia R and shake with
3 quantities, each of J0 mL, of toluene R. To the combined
upper layers add anhydrous sodium sulfate R, shake} filter and
evaporate the filtrate by suitable means, at a temperature not
exceeding 50 DC. Take up the residue with toluene Rand
dilute to 20.0 rnL with the same solvent.

Reference solution (a) Dissolve 30 mg of orpbenadtine
citrate CRS and 30 mg of orphenadrine impurity E CRS in
20 mL of waterR. Add 1 mL of concentrated ammonia Rand
shake with 3 quantities, each of 5 ml., of tduene R. To me
combined upper layers add anhydrous sodium sulfau R, shake,
filter and evaporate the filtrate by suitable means, at a
temperature not exceeding SO DC. Take up the residue with
toluene R and dilute to 20.0 mL with the same solvent.

Reference solution (b) Dissolve the contents of a vial of
orphenadrine for peak identification CRS (containing impurities
A, B, C, D and F) in 1.0 mL of toluene R.
Column:
- size: 1= 60 m, 0 = 0.32 mm;
- suuionaty phase: pheny/(5)merhy/(95)polysi/oxane R (film

thickness 1.0 um).

Cornergas helium for chromatography R.
Flow rate I mUmin.

Split ratio 1:25.

Temperature:
- column: 240 "C;
- injection part and detector: 290 °C.

Detection Flame ionisation-.

Injection 2 ~L.

Run time 1.3 limes the retention time of orphenadrine.

Identification of impun'ties Use the chromatogram supplied
with orphenadrine for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, D and F.
Use the chromatogram obtained with reference solution (3)
to identify the peak due to impurity E.

Relativeretention With reference to orphenadrine (retention
time =about 13 min): impurity B =about 0.5;
impurity A = about 0.6; impurity D = about 0.8;
impurity C = about 0.9; impurity E = about 0.98j
impurity F = about 1.1.

System suitability Reference solution (a):
- resolution: minimum of 1.5 between the peaks due to

impurity E and orphenadrine.

Limits:
- impurities A, B, C, D, E, F: for each impurity, not more

than 0.3 per cent;
- unspecified impumies: for each impurity, not more than

0.10 per cent;
- total: maximum 1.0 per cent;
- disregard limit: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

Sulfated ash (2.4.14;
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 50 mL of anhydrous acetic acid R. Thrate
with 0.1 1\{ perchlotic acid, determining the end-point
potentiomettically (2.2.20).

2022

1 mL of 0.1 M perchioric acid is equivalent to 46.15 mg of
C24H31NOa.

STORAGE
Protected from light. If the substance is sterile, store in a
sterile, airtight, tamper-evident container, protected from
light.

IMPURITIES
Specified impurities A, B, C, D, E, F.

&:- H
,/ and enantlomer

",.. I OH

~ CH3

A. (RS)-(2-methylphenyl)phenylmethanol
(2-methylbenzhydrol),

B. (2-methylphenyl)phenylmethanone
(2-methylbenzophenone),

J1H and enanDome,

-?'" : ~NH2
I a

~ CH3

C. (RS)-2-[(2-methylphenyl)phenylmethoxy]ethanamine,

D.2-(diphenylmethoxy)-N,N-dimethylethanamine
(diphenhydramine),

:}

' H CH3," N
: I o~ 'CH, and enensomer

CH,

E. (RS)-N,N-dimethyl-2-[(3-methylphenyl)
phenylmethoxy)ethanamine (meta-methylbenzyl isomer),

F. (Rs)-N,N-dimethyl-2-[(4-methylphenyl)
phenylmethoxy]ethanamine (para-methylbenzyl isomer).

____________________ PhE"

J
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2022 Orphenadrine Hydrochloride II-487

Column:
- size: 1= 60 m, " = 0.32 mm;
- stationary phase: phenyl(5)melhy/(95)polysiloxarre R (film

thickness 1.0 um).

Carrier gas helium for chromatography R.
Flow rate 1 mUmin.
Split ratio 1:25.

Temperature:
- column: 240 "C;
- inj«u·on port and detector; 290°C.

Detection Flame ionisation.
bijection 2 ~L.

Run time 1.3 times the retention timeof orphenadrine.
Identification of impun·u·es Use the chromatogram supplied
with orphenadrine forpeak identification CRS and the
chromatogram obtained withreference solution (b) to
identify the peaks due to impurities A, B, C) D and F.
Use the chromatogram obtained with reference solution (a)
to identify the peakdue to impurity E.
Relativeretention With reference to orphenadrine (retention
time = about 13 min): impurity B = about0.5j
impurity A = about0.6; impurity D = about O.8j
impurity C =about 0.9; impurity E =about 0.98;
impurity F =about 1.1.
System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity E and orphenadrine.

Limits:
- impurities A, B, C, D, E, F: for each impurity) not more

than0.3 per cent;
- unspecified impun·ties: for each impurity) not more than

0.10 percent;
- total: not more than 1.0 per cent;
- disregard limit. 0.05 percent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

Sulfated ash (2.4.11)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.250 gin 50 mL of aceti: anhydride R. Titrate with
0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchloric acidis equivalent to 30.59 mg of
CI8H2.CINO.

STORAGE
Protected from light. If the substance is sterile, store in a
sterile, airtight) tamper-evident container, protected from
light.

IMPURITIES
Specified impun·ties A, B, C, D, B, F.

A. (RS)-(2-methylphenyl)phenylmethanol
(2-methylbenzhydrol),

341-69-5

andenanliomer • Hel

305.9

Action and use
Anticholinergic.

Preparation
Orphenadrine Hydrochloride Tablets

P/>E" _

(ph. Eur. monograph 1760)

Orphenadrine Hydrochloride

DEFINITION
(RS)-N,N-Dimethyl-2-[(2-methylphenyl)
phenylmethoxy]ethanamine hydrochloride.

Content
98.5 per cent ro 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Freelysoluble in water and in ethanol (96 percent).

mp
About 160 °C.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.21).

Comparison orpnenadmu hydrochloride CRS.
B. Ir gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and its absorbance (2.2.25) at
436 nm has a maximum of 0.050.
Dissolve 0.70 g in ethanol (96 percenll R and dilute to
10.0 mL with the same solvent.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Test solution Dissolve 0.300 g of the substance to be
examined in water R and dilute to 50 Il)L with the same
solvent. Add 2 mL of concentrated ammonia R andshake with
3 quantities, each of 10 mL, of toluene R.To the combined
upper layers add anhydrous sodium sulfate R, shake, filter and
evaporate the filtrate by suitable means, at a temperature not
exceeding 50 °C. Take up the residue with toluene R and
dilute to 20.0 mL with the same solvent.
Reference SolUtiOIl (a) Dissolve 20 mg of orphenadrine
hydrochloride CRS and 20 mg of orphenadnne impurity E CRS
in 20 mL of water R. Add 1 mL of concentrated ammonia R
and shake with 3 quantities, each of 5 mL, of toluene R.
To the combined upper layers add anhydrous sodium sulfate R,
shake, filter and evaporate the filtrate by suitable means,at a
temperature not exceeding50°C. Take up the residue with
toluene R and dilute to 20.0 mL with the same solvent.
Reference solution (b) Dissolve the contents of a vial of
orphenadrine for peak identification CRS (containing impurities
A, B, C, D and F) in 1.0 mL of toluene R.
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II-488 Oseltamivir Phosphate 2022

Impurity B
Liquid chromatography (2.2.29) coupled with mass
spectrometry (2.2.43).

Testsdution Dissolve0.100 g of the substance to be
examined in water for chromatography R and dilute to
10.0 mL withthe samesolvent.
Reference solution (a) Dissolve 2.5 mg of oseltamivir
impurity B CRS in 5.0 mL of anhydrous ethanol R and dilute
to 50.0 mL with water for chromawgraphy R. Dilute 2.0 mL
of the solution to 100.0 mL with water for chromatography R.
Reference solution (b) Dissolve 50.0 mg of osdramivir
phosphate (impun'ty B-free) CRS in reference solution (a) and
dilute to 5.0 mL with the samesolution.
Column:
- size: I =0.05 m, 0 =3.0 mm;
- srationary phase: end-eapped oaadc<ylsilyl silica gelfor

chromatography R (5 ~m);

- temperature: 40 "C.

Mobil, phase Mix 10 volumes of a 1.54 gIL solution of
ammonium aetUJle R in waterfor chromatography R,
30 volumes of acetonitrile Rl and 60 volumes of water for
chromatography R.
Flowrate 1.5 mUmin .
Post-colwnn split ratio Use a split ratio suitable for the mass
detector (e.g. 1:3).

Detection:
- mass detector: the following settings have been found' to

be suitable and aregivenas examples; if the detector has
different settingparameters, adjust the detector settings so
as to comply with the system suitability criterion:
- ionisation: ESI-positive;
- detection mlz: 356.2i
- dwell: 580 ms;

Phfur _

DEFINITION
Ethyl (3R,4R,5S)-4-acetamido-5-amino-3-(I­
ethylpropoxy)cyc1ohex-l-ene-J-carboxylate phosphate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water and in methanol, practically insoluble
in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
A. Specific optical rotation (see Tens).

B. Infrared absorption spectrophotometry (2.2.2f).
Comparison oseltamivir phosphate (impurity B-free) CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in methanol R, evaporate to dryness and record
new spectra using the residues.
C. Dissolve 200 mg in 10 mL of water R. It gives
reaction (b) of phosphates (2.1.1).

TESTS
Specific optical rotation (2.2.7)
-30.7 to -32.6 (anhydrous substance), measured at 25 ·C.

Dissolve 0.50 g in water R and dilute to 50.0 mL with the
samesolvent.

**** ** ** ****

204255-11-8

. H:?O..

410.4

C. (RS)-2-[(2-methylphenyl)phenylmethoxy]ethanamine,

B. (2-methylphenyl)phenybnethanone
(2-methylbenzophenone),

:j- H CIi,. ,
,. I . O~N""CH3 andenantiomer

"'- .
CH,

D.2-(diphenylmethoxy)-N,N-dimethylethanamine
(diphenhydramine),

E. (RS)-N,N-dimethyl-2-[(3-methylphenyl)
phenylmethoxy]ethanamine (meta-methylbenxyl isomer),

F. (RS)-N,N-dimethyl-2-[(4-methylphenyl)
phenylmethoxy]ethanamine (para-methylbenxyl isomer).

~ Phfur

Oseltamivir Phosphate
(ph. Eur. monograph 1422)

Action and use
Treatment of influenza.

Preparation
Paediatric Osehamivir OralSolution
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2022 Oseltamivir Phosphate II-489

Detection Flame ionisation.

[nj", ..on 1 ~L.

Relative retention With reference to oseltamivir phosphate
(retention time = about 10 min): impurity H " about 0.5.

System suitability Reference solution:
- repwtability: maximum relative standard deviation of

5 per cent for the peak due to impurity H after
6 injections.

- gain EMV: 1;
- fragmentator voltage: 120 Vi
- gas temperature: 350 °Cj
- drying gas flow: 13 Lrmin,
- nebuliser pressure: 345 kPa;
- capillary voltage (Vcap): 3 kV.

Injection 1 ~L of the test solution and reference solution (b).

Run time 3 min.

Systemsuitability Reference solution (b):
- repeatability: maximum relative standard deviation of

15 per cent determined on 6 injections.

Limit:
- impurity B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (100 ppm).

Impurity H
Gas chromatography (2.2.28).

Silylatwnreagent Mix 1.0 mL of chwrotrimethylsilane R,
2.0 mL of hexamethyfdisr7azane Rand 10.0 mL of anhydrous
pyridine R.
Test solution Introduce 15.0 rng of the substance to be
examined into a 2 mL vial and add 1.0 mL of the silylation
reagent. Close the vial, shake and heat at 60°C for 20 min.
Centrifuge and discard me precipitate.

Reference solution Introduce 15.0 mg of oseltamivir
impwity H CRS into a 2 mL vial and add 1.0 mL of
anhydrous pyn"dine R. Close the vial and shake (solution A).
(Note: impurity H is hygroscopic.) Introduce 15.0 mg of the
substance to be examined inro another 2 mL vial and add
1.0 mL of the silylatlon-reagenr. Close the vial, shake and
heat at 60°C for 20 min. Centrifuge and discard the
precipitate (solution B). Introduce 10.0 ~L of solution A and
10.0 fJL of solution B into a volumetric flask and dilute to
10.0 mL with anhydrous pyridine R.
Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 mm;
- stationary phase: melhyfpolysifoxane R (film thickness

0.25 IUO).

Carrier gas helium for chromatography R.
FliJw rate 1.2 mlzmln.

Split ratio 1:50.

Temperature:

Column

Injection port

Detector

Ttm.
(min)

0-2
2 - II
II - 21

Temperature
("C)

180
180 -+ 250

250

260

260

Limit:
- impurity H: not more than J.5 times the area of the

corresponding peak in the chromatogram obtained with
the reference solution (0.15 per cent).

Related substances
liquid chromatography (2.2.29).

Solvent mixture. acetonitrile Rl, methanol R2, waterfor
chromatography R (135:245:620 VIVIV).
Ten solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 5 mg of oseltamif);r
impun·ty A CRS and 5.0 mg of oseltamivir impurity C CRS in
the solvent mixture and dilute [0 50.0 mL with the solvent
mixture. Dilute 1.0 mL of the solution to 10.0 mL with the
solvent mixture.

Reference solution (c) Dissolve 50.0 mg of oseftamivir
phosphate (impurityB-free). CRS in the solvent mixture and
dilute to 50.0 mL with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octy/si/yl silica gelfor

chromaUJgraphy R (5 pm);
- temperature: 50 "C.

Mobile phase .Mix 135 volumes of aceton;m7e Rl,
245 volumes of methanol R2 and 620 volumes of a 6.8 gIL
solution of potassium dihydrogen phosphate R in waterfor
chromatography R, adjusted to pH 6.0 with aiM potassium
hydroxide solution prepared from potassium hydroxide R.
Flow rate 1.2 mUmin.
Detection Spectrophotometer at 207 nrn.

Jryution 15 ilL of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of oseltamivir phosphate.

Relativeretention With reference [0 oseltamivir phosphate
(retention time =about 17 min): impurity A =about 0.16j
impurity C = about 0.17.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities A and C.

Limits:
- impun·ty C: not more than 0.3 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- unspecified impuruies: for each impurity, not more than Ute
area of the principal peak in the chromatogram.obtained
with reference solution (a) (0010 per cent);

- total: not more than 7 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.7 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 g.

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (c).
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II-490 Ouabain

Calculate the percentage content of Cl()I~HN208Pfrom the
declared content of oseltamwir phosphate (impun"ty B-
free) CRS.

STORAGE
Protected from light.

IMPURITIES
Spedfiedimpurities B, C, H.
Otherdetectable impurities (thefo1k>wing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in themonograph. Theyare limited by thegeneral acceptance
critetion for other/unspecified impurities and/orby thegen=1
monograph Subs",nces for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, D, E, E G.

A. (3R,4R,5S)-5-acetamido-4-amino-3-(I­
ethylpropoxy)cyclohex-I-ene-I-carboxylic acid,

2022

F. ethyl (3R,4R,5S)-4-acetamido-5-amino-3-(I­
methylpropoxy)cyciohex-I-ene-l-carboxylate,

G. ethyl (3R,4R,5S)-5-acetamido-4-amino-3-(I-ethylpropoxy)
cyclohex-l-ene-l-carboxylate,

H. tributylphosphane oxide.
_________________~_PhE"

Ouabain
(Ph. Eur. monograph 0048)

PhE" ~_-_~---------_

B. ethyl (IR,2R,3S,4R,5S)-4-acetamido-5-amino-2-azido­
3(I-ethylpropoxy)cyclohexanecarboxylate,

C. (3R,4R,5S)-4-acetamido-5-amino-3-(I­
ethylpropoxy)cyciohex-I-ene-I-carboxylic acid,

H'0:°1 :
~H

OH OH

OH

729

°

• 81<,0

11018-89-6

D. ethyl -l-acetamido-d-hydrcxybenzoate,

E. methyl (3R,4R,5S)-4-acetamido-5-amino-3-(I­
ethylpropoxy)cyc1ohex-l-ene-l-carboxylate,

DEFINITION
3P-[(6-Deoxy-«-L-mannopyranosyl)oxy]-1 jl,5, II", 14,19­
pentahydroxy-5p,14fl-card-20(22)-enolide oetahydrate.

Content
96.0 per cent to 104.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Sparingly soluble in water and in anhydrous ethanol,
practically insoluble in ethyl acetate.

IDENTIFICATION
A. Examine the chromatograms obtained in the test for
relatedsubstances. The principal spot in the chromatogram
obtained with the test solution is similar in position, colour
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2022 Oxacillin Sodium Monohydrate 11-491

PIIE<r _

____________________ PIIE<r

Oxacillin Sodium Monohydrate

7240-18-2441.4

(ph. Eur. Monograph 2260)

Action and use
Penicillin antibacterial.

STORAGE
Protected from light.

Alkaloids and strophanthin-K
To 5.0 mL of solution S add 0.5 mL of a 100 gIL solution
of tannic acid R. No precipitate is formed,

Water (2.5.12)
18.0 per cent to 22.0 per cent, determined on 0.100 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Testschuion Dissolve 40.0 mg in ethanol (96 percen!! Rand
dilute to 50.0 mL with the same solvent. Dilute 5.0 mL of
the solution to 100.0 mL with ethanol (96 percen!! R.
Reference solution Dissolve40.0 mg of ouabain CRS in
ethanol (96 per cen!! R and dilute to 50.0 mL with the same
solvent. Dilute 5.0 mL oCthe solution to 100.0 mL with
ethanol (96 per cent) R.
To 5.0 mL of each solution add 3.0 mL of alkah·ne sodium
picrate solution R, allow to stand protected from bright light
for 30 min and measure the absorbance (2.2.25) of both
solutions at the absorption maximum at 495 nm using as the
compensation liquid a mixture of 3.0 mL of alkaline sodium
picrate solution Rand 5.0 mL of ethanol (96 pereen!! R
prepared at the same time.
Calculate the percentage contentof ~9H44012 from the
absorbances measured and the concentrations of the
solutions.

DEFINITION
Sodium (2S,5R,6R)-3,3-dimethyl-6-[[(5-memyl-3­
phenylisoxazol-4-yl)carbonyl]amino]-7-oxo-4-thia-I ­
azabicyclo[3.2.0]heptane-2-<:arboxylate monohydrate.

Semi-synthetic product derived froma fermentation product.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, solublein methanol, practically
insoluble in methylene chloride.

and size to the spot in the chromatogram obtained with
reference solution (a).

B. Dissolve 2 mg to 3 mg in 2 mL of sulfuric acidR; a pink
colour develops which quickly changes to red. The solution
shows green fluorescence in ultraviolet light.
C. Dissolve about 1 mg in 1 mL of din;trobenzene solUlion R
and add 0.2 mL of dilute sodium hydroxide solution R.
An intense blue colour develops.

D. Dissolve 0.1 ginS mL of a ISO gIL solution of su/furie
add R and boil for a few minutes. The solutionbecomes
yellow and turbid. Filter and add to the filtrate 5 mL of a
120 gIL solution of sodium hydroxide Rand 3 mL of cupri­
tartaric solution R. Heat. A red precipitate is formed.

TESTS
Solution S
Dissolve 0.20 g in 15 mL of water R, heating on a water­
bath. Allow to cool and dilute to 20.0 mL with waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

Specific optical rotation (2.2.7)
-33 to -30 (anhydrous substance), determined on solution S.

Related substances
Thin-layer chromatography (2.2.27).

Solvent mixture water R, chloroform R, methanol R
(16:50:50 V1V1J1).

Testsolution Dissolve a quantity of me substance to be
examinedcorresponding to 20 mg of me anhydrous
substance in 1.0 mL of the solventmixture.
Reference solution (a) Dissolve a quantity of ouabain CRS
corresponding to 20 mg of the anhydrous substance in
1.0 mL of the solventmixture.
Rejerenu solutian (b) Dissolve a quantity of ouabainCRS
corresponding to 10 mg of the anhydrous substance in the
solvent mixture and dilute to 25 mL with the solvent
mixture.
Reference solutUm (c) Dilute 2.5 mL of reference solution (b)
to 10 mL with the solventmixture.
Plate TLC silicagelG plate R.

Mobilephase waterR, dimethylsulfoxide R, methanol R,
chloroform R (4:15:15:70 V1V1VIJI); homogenise the mixture
before use.
Applieatian 5 ~L.

Development Overa pathof 13 em.
Drying Immediately at 140 °C for 30 min Ina ventilated
oven.
Detection Allow to cool, spray with akohol~ solution of
su/fum acidR and heat at 140°C for IS min.

System su;tabUit~

- the principal spot in the chromatogram obtained with the
test solution and the principal spot in the chromatogram
obtainedwith reference solution (a) migrate overa
distancesufficient. to give unequivocal separation of the
secondary spots;

- the chromatogram obtained withreference solution (c)
shows a clearly visiblespot.

Limit:
- any impurity: any spot in the chromatogram obtained with

the test solution, apart: from the principal spot, is not
more intense than the spot in the chromatogram obtained
with reference solution (b) (2.0 per cent).
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II-492 Oxacillin Sodium Monohydrate

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.2<1).

Comparison oxacillin sodium monohydrate CRS.
B. It gives reaction (a) of sodium (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and its absorbance (2.2.25) at
430 nm is not greater than 0.10.

Dissolve 2.50 g in waterR and dilute to 25.0 mL with the
same solvent.

pH (2.2.3)
4.5 to 7.5.

Dissolve0.30 g in carbon dioxide-free waterR anddilute to
10 mL with the same solvent.

Specific optical rotation (2.2.7)
+ 196 to + 212 (anhydrous substance).

Dissolve 0.250 g in water R and dilute to 25.0 mL with the
same solvent.

Ilelated subst~ces

Liquid chromatography (2.2.29).

Test solution (a) Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Test solution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with the mobile phase.

Reference solution (a) Dissolve 50.0 rng of oxacillin sodium
monohydrate CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute 5.0 mL of the solution to
50.0 mL with the mobile pliase.

Reference solUlion (b) Dilute 5.0 mL of test solution (b) to
50.0 mL with the mobile phase.

Reference solution (c) Dissolve 5 mg of doxacillin sodium CRS
(impurity E) and 5 mg of oxacillin sodium monohydrate CRS in
the mobile phase and dilute to 50.0 mL with the mobile
phase.
Reference solurion (d) In order to prepare impurities B
and D in situ,dissolve 25 mg of the substance to be
examined in 1 mL of 0.05 M sodium hydroxide, aUow to stand
for 3 min, then dilute to 100 mL with themobile phase.
Inject immediately.
Reference solution (e) Dissolve 5 mg of oxacillin forpeq.k
identification CRS (containing impurities E, F, G, I andD in
5 mL of the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: oetode<y/silyl silica gelfor chromawgraphy R

(5 urn).

Mobae phase Mix 25 volumes of naumitrileRand
75 volumes ofa f.7 WL solution of potassium dihydrogen
phosphate R previously adjusted to pH 5.0 with daute sodium
hydroxide solution R.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 225 run.
Injection 20 ~L of test solution (a) and reference
solutions (b), (c), (d) and (e).

Run time 7 times the retention time of oxacillin.
Identifiauion of impwitles:
- in the chromatogram obtained with reference solution (d),

the 2 principal peaks eluting before the main peak are due
to impurities Band D respectively;

2022

- use the chromatogram supplied with oxacillin for peak
identification CRS and the chromatogram obtained with
reference solution (e) to identify the peaks due to
impurities E, F, G, I and J.

Rekuiee retention With reference to oxacillin (retention
time = about 5 min): impurity A = about 0.3; impurity B
(isomer 1) ::: about 0.4; impurity B (isomer 2) ::: about 0.5;
impurity C ::: about 0,65,; impurity D
(2 epimera) =about 0.9; impurity E =about 1.5;
impurity F::: about 1.9j impurity G ::: about 2.1;
impurity I = about 3.8; impurity J = about 5.8.

System suitability:
- resolution: minimum 2.5 between thepeaks due to

oxacillin and impurity E in the chromatogram obtained
with reference solution (c);

- the chromatogram obtained withreference solution (e) is
similar to the chromatogram supplied with oxaakin for
peak identification CRS.

Limits:
- impun·t.y B: for the sum of the areas of the 2 isomerpeaks,

not more man 1.5 times the area of theprincipal peakin
the chromatogram obtained with reference solution (b)
(1.5 per cent);

- impun'cy E: not more than the area of the principal peakin
the chromatogram obtained withreference solution (b)
(1.0 per cent);

- impurities D (sumof the 2 epimen), F, G, I, J: for each
impurity) not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.5 percent);

- atryotherimpun'ty: for each impurity, not morethan
0.5 times the area of the principal peakin the
chromatogram obtainedwith reference solution(b)
(0.5 per cent);

- wtal: not more than 3 times the area of the principal peak
in the chromatogram obtainedwith reference solution (b)
(3.0 per cent);

- disregard limit: 0.05 times the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Ethyl acetate and butyl acetate
Head-space gas chromatography (2.2.28).

Test solution Dissolve 0.200 g of the substance to be
examined in 6.0 mL of waterR,

Reference solution Dissolve 83 mg of butylautate R and
83 mg of ethyl natate R in waterR and dilute to 250.0 mL
with the same solvent. Use 6.0 mL of this solution.
Close the'Vials immediately with a rubber membrane stopper
coatedwilh polyletrajluoroethylene and secured wilh an
aluminium crimped cap. Mix to obtain a homogeneous solution.

Column:
- material: fused silica;
- size: I:::: 50 ID, 0 :::: 0.32 mm;
- srarionary phase: methylpolysiloxane R (Iilm thickness 5 pm).

Caniergas heliumfor chromatography R.

Flow rate 2 mUmin.

Static head-space conditions tho: may be used:
- equilibrarion lemperature: 80°C;
- equilibration time: 60 min;
- transfer-line temperature: 140 °C;
- pressurisation time: 30 s.
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Temperature:

Column

Injection port

Detector

Tim.
(min)

0-6

6 - 16
16 - 18

Temperature
CC)
70

70 ..... 220

220

140

250
C. 5-melhyl-3-phenylisoxazole-4-carboxylic acid,

Detection Harne ionisation.
Retention time Ethyl acetate =about 10 min; butyl
acetate = about 15.5 min.

Limiu:
- butyl acetate: maximum 1.0 per cent;
- ethylacetate: maximum 1.0 per cent.

N,N-Dlmethylaniline (2.4.26, Method B)
Maximum 20 ppm.

2-Ethylhexanolc acid (2.4;28)
Maximum 0.8 per cent.

Water (2.5.12)
3.5 per cent to 5.0 per cent, determined on 0.300 g.
Bacterial endotoxin. (2.6.14)
Less than 0.20 IU/mgJ if intended foruse in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with ~e following modification.
Injection Test solution (b) and reference solution (a).
Calculate the percentage content of C1.,I{.sN,NaO,S laking
into account the assigned contentof oxacillin sodium
monohydrate CRS.

IMPURITIES
Specified impun"ues B, D, E, F, G, I, J.
Otherdeuaable impmiues (thefollowing substances would, if
present at a sufficient level, bedetected by one or other of the tests
in the manograph. They are limited by thegenerol acceptance
criterion for otherlunspeafied impurities and/or by thegeneral
monograph Substances for pharmaautical use (2014). It is
therefore not neassary to identify these impun"lies for
demonstration of complianee. See also 5.10. ConlrOi of impurities
in substances forpharmaceutical use) A, G.

o Xc"",
H2N++:S><:

H H

A. (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo [3.2.0)heplane-2-carboxylic acid
(6-aminopenicillanic acid),

B. (4S)-2- [carboxy[[(5-methyl-3-phenylisoxazol-4-yl)
carbonyl)amino)methyl]-5,5-dimethylthiazolidine-4­
carboxylic acid (penicilloic acids of oxacillin),

D. (2RS,4S)-5,5-dimethyl-2-[[[(5-methyl-3-phenylisoxazol-4­
yl)carbonyl] amino] methyl] thiazolicline-4-carboxylie acid
(penilloic acids of oxacillin),

E. (2S,5R,6R)-6-[[[3-(2-chlorophenyl)-5-methylisoxazol-4-yl)
carbonyl]amino]-3,3-climethyl-7-oxo-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylic acid (cloxacillin),

{:-

O
Ho -, SH

0"- ~ ..t+);~~:
H H

CH, 0

F. (2R,5R,6R)-3,3-<iimethyl-6-[[(5-methyl-3-phenylisoxazol­
4-yl)carbonyl] amino]-7-oxo-4-thia-l-azabicyclo[3.2.0)
heptane-2-carborhioic acid (thiooxaciUin),

G. (2S,5R,6R)-6-[[[3-(chlorophenyl)-5-methylisoxazol-4-yl]
carbonyl]amino)-3,3-climethyl-7-oxo-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylic acid (cloxacillin isomer),

°'t-~XC~:3

~
0 ~ ..t-t- ><CH,

~ 0 ..HHHS
N- N CH3

o #' ~--H-~CH'
H H

CH3 0

I. (2S,5R,6R)-6-[[(2S,5R,6R)-3,3-climethyl-6-[[(5-methyl-3­
phenylisoxazol-4-yl)carbonyl] aminoJ-7-oxo-4- thia-L.
azabicyclo[3.2.0]heptane-2-carbonyl]amino)-3,3-dimethyl­
7-oxo-4-thia-l-azabicyclo[3.2.0) heptane-2-carboxylic acid
(6-APA oxacillin amide),
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Dissolve 0.250 g in waterR and dilute to 50.0 mL with the
same solvent.

Impurity D
Liquid chromatography (2.2.29).

TestsolUlIlm Dissolve 30 mg of the substance to be
examined in methanol Rand diJute 10 50.0 mL with the same
solvent.
Reference solution (a) Dissolve 5 mg of o;wliplatin
impurity D CRS in methanol R and dilute to 100.0 mL with
the same solvent.
Reference solutioll (b) Dilute 15.0 mL of reference
solution (a) to 50.0 mL with methanol R.
Reference solution (c) Dissolve 75 mg of the substance to be
examined in methanol R and dilute to 100.0 mL with the
same solvent.
Reference sohnion (d) Dilute 5.0 mL of reference solution (c)
to 100.0 mL with methanol R.
Reference solurion (e) To 40 mL of reference solution (c)
add 1.0 mL of reference solution (b) and dilute to 50.0 mL
with methanol R.
Reference solution (f) To 4.0 mL of reference solution (a)
add 5.0 mL of reference solution (d) and dilute to 50.0 mL
with methanol R.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: celluWse den"a,i"eof silica gelfor chiral

separation R;
- temperature: 40 "C.

Mob.e phase anhydrous ethanol R, methanol R (30:70 VIV).
Flow rate 0.3 mUmin.
Detection Spectrophotometer at 254 nm.
Inj«tion 20 J.lL of the test solutionand reference
solutions (e) and (I).

Run time Twice the retention timeof oxaliplatin.
Retention time Oxaliplatin = about 14 min;
impurity D = about 16 min.
System suitability.
- resolution: minimum 1.5 between the peaksdue to

oxaliplatin and impurity D in the chromatogram obtained
withreference solution (0;

- signal-to-noise ratio: minimwn 10 for the peak due to
impurity D in the chromatogram obtained withreference
solution (e).

Limit:
- impun'cy D: not more than 3 times the difference between

the heights of the peaks due to impurity D in the
chromatograms obtainedwith reference solution (e) and
the test solution (0.15 per cent).

Related substances
iA. Impurity A. Liquid chromatography (2.2.29). Use vigorous
shaking and very briefsonication to dissolve the substance to be
examined. Iniea the test solution within 20 min of preparation.
Testsolution Dissolve 0.100 g of the substance to be
examined in waterR and dilute [0 50.0 mL with the same
solvent.
Reference solution (a) Dissolve 14.0 mg of oxalic add R
(impurity A) in waterR and dilute to 250.0 mL with the
same solvent.
Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 200.0 mL with waterR.
Reference solution (,) Dissolve 12.5 mg of sodium nitrate R in
water R and dilute to 250.0 mL with the same solvent. Dilute

61825-94-3397.3

Action and use
Platinum-containing cytotoxic.

(Ph. Eur. monograph 2017)

~
~ j H. GO,H

N- HWY-~CH3
, H ><
oJ N SCH3H~: 0 "::.(C02H

CH3 a o~ )-~ ... )<.CH3

~--H-s CH3

H H

PhE" _

Oxaliplatin

J. (2S,5R,6R)-6-[[(2R)-[(2R,4S)-4-carboxy-5,5­
dimethylthiawlidin-2-yl)[[(5-methyl-3-phenylisoxazol-4-yl)
carbonyl)amino]acetyl)amino]-3,3-dimethyl-7-oxo-4-thia­
l-azabicyclo[3.2.0)heptane-2-carboxylic acid (ozolaroide
of 6-APA dimer).

DEFINITION
(SP-4-2)-[(IR,2R)-Cyclohexane-I,2-diamine-<'N,N']
[eth anedioato-<'O,0'(2-)]platinum.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite} crystalline powder.

Solubility
Slightly soluble in water, very slightly soluble in methanol,
practically insoluble in anhydrous ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison oxaliplatin CRS.
B. Specific optical rotation (see Tests).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).
Dissolve 0.10 g in waterR and dilute to 50 mL with the
same solvent.

Acidity
Dissolve 0.10 g in carbon dioxide-free water R, dilute to 50 mL
with the sarne solvent and add 0.5 mL of phenolphthalein
solution RI. The solution is colourless. Not more than
0.60 mL of 0.01 M sodium hydroxide is required to change
the colourof the indicator to pink.

Specific optical rotation (2.2.7)
+ 74.5 to + 78.0 (dried substance).
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a mixture of 2.0 mL of this solution and 25.0 mL of
reference solution (a) to 100.0 mL with water R.
Column:

- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped oCladecylsily/

SIlica gelfor chromotography R (5 urn);
- temperature: 40°C.

lrlobiJe phase Mix 20 volumes of acetonitrile Rl and
80 volumes of a solution prepared as follows: to 10 rnL of a
320 gIL solution of tetrabutylammonium hydroxide R add
1.36 g oi potassium dihydrogen phosphate R, dilute to 1000 mL
with waterfor chromalOgraphy R and adjust to pH 6.0 with
phosphoric acid R.
Flow rate 2 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 20 J1L of the test solution and reference
solutions (b) and (c).

Run time Twice the retention time of impurity A.
Retention times Nitrate = about 2.7 min;
impurity A = about 4.7 min.
SystemsuitabiJily:

- resolution: minimum 9 between the peaksdue to

nitrate and impurity A in the chromatogram obtained
with reference solution (c);

- signal-to-noise ratio: minimum 10 for the peakdue to
impurity A in the chromatogram obtainedwith
reference solution (b).

Limit:
- impun"ty A: not more than 3 times the area of the

principal peak ill the chromatogram obtainedwith
reference solution (b) (0.15 per cent).

B. Impurity B. Liquid chromatography (2.2.29). Use vigorous
shaking and very bn"ef sanitation to dissolve thesubstance to be
examined. Iniea the test solution within20 min of preparation.
Use suitable polypropylene containers for thepreparation and
injection of all solutions. Glass pj'penes may be used for diluting
solutions.

Testsolution Dissolve 0.100 g of the substance to be
examined in water R and dilute to 50.0 mLwith the same
solvent.
Reference solution (a) Add 5.0 mg of oxaliplatin
impurityB CRS to 25 mL of methanolR and dilute to
100.0 mL with waterR. Sonicate for about 1.5 h until
dissolved (solution A). Dilute 3.0 mL of solution A to
200.0 mL with waterR.

Reference solution (b) In order to prepare impurity E in situ,
adjust 50.0 mL of solution A to pH 6.0 with a 0.2 gIL
solution of sodium hydroxide R, heat at 70 "C for 4 hand
allow to cool.
Column:

- size: I::::: 0.25 rnJ 0 ::::: 4.6 mm;
- stationary phase: base-deactitJated end-eapped octadecylsilyl

silica gelfor chromatography R (5 urn);
- temperature: 40 "C.

Mobile phase l'v!ix20 volumes of acetonitrtle RI and
80 volumes of a solution prepared as follows: dissolve 1.36 g
of potassium dihydrogen phosphate Rand 1 g of sodium
heptanesu!fonate R in 1000 mL of waterfor chromatography R
and adjust to pH 3.0 ± 0.05 with phosphoric acidR.

Flow rate 2.0 mUmin.
Detection Spectrophotometer at 215 om.
Injection 20 1'1..
Run time 2.5 times the retention time of impurity B.

Oxaliplatin II-495

Retention time Impurity B = about 4.3 min;
impurity E == about 6.4 min.
Systemsuitability:

- resolution: minimum 7 between the peaksdue to
impurities B and E in the chromatogram obtained
with reference solution (b);

- signal-to-noise ratio: minimum 10 for the peakdue to
impurity B in the chromatogram obtained with
reference solution (a).

Limit:
- impurity B: not more than4 times the area of the

principal peakin the chromatogram obtainedwith
reference solution (a) (0.15 per cent).

C. Impurity C and otherrelated substances. liquid
chromatography (2.2.29). Use vigorous shakingand very bn'e/
sonication to dissolve thesubstance to be examined. Inject the test
solution within 20 min 0/preparation.
Testsolution (a) Dissolve 0.100 g of the substance to be
examined In water R and dilute (0 50.0 mLwith the same
solvent.
Test solution (b) Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 500.0 mL with the same
solvent.
Reference solution (a) Dissolve 5.0 mg of oxaliplatin CRS and
5.0 mg of oxaliplatin impurityC CRS in waterR and dilute to
50.0 mL with the same solvent.
Reference solution (b) Dilute 1.0 mL of teference solution (a)
to 100.0 mL with water R.

Reference solution (c) Dissolve 25.0 mg of oxaliplatin CRS in
water R and dilute to 250.0 rnLwith the same solvent.
Reference solution (d) Dissolve 5.0 mg of
dithlorodiaminocj'dohexaneplar.inum CRS in reference
solution (c) and dilute to 50.0 rnLwithreference
solution (c).

Reference solwion (e) Dilute 5 mL of reference solution (d)
to 50.0 mL with waterR.

Reference solution (f) To 0.100 g of the substance to be
examined add 1.5mL of reference solution (a) and dilute to
50.0 mL with waterR.

Column:
- size: I = 0.25 m, (2') == 4.6 mm;
- stationary phase: end-capped octodecylsilyl silica gelfor

chromatography R (5 urn);
- temperature; 40 °C.

Mobile phase Mix 1 volume of acetonitrile RI and
99 volumes of a solution prepared as follows: dilute 0.6 mL
of dilutephosphoric acidR in 1000 mL of waterfor
chromatography R and adjust to pH 3.0 with either sodium
hydroxide solution R or phosphoric acidR.
Fh>w rate 1.2 mUmin.

Detection Spectrophotometer at 210 nm.
Injection 10 J.lL of test solution (a) and reference
solutions (b), (e) and (I).

Run time 3 times the retention time of oxaliplatin.
Retention time Impurity C == about4.4 min;
dichlorodiaminocyclohexaneplatinum = about 6.9 min;
oxaliplatin = about 8.0 min.
System suitability:

- resolution: minimum 2.0 between the peaks due to
dichlorodiaminocyc1ohexaneplatinum and oxaliplatin
in the chromatogram obtained with reference
solution (e);
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D. (SP-4-2)-[(IS,2S)-eyclohexane-l,2-diamine-i'N,N'j
[ethanedioato-K'O,O'(2-))platinum (S,S-enantiomer of
oxaliplatin),

E. (SP-4-2)-di-~-oxidobis[(IR,2R)-cyclohexane-I,2-d.iamine­

I K'N,2K'N'ldiplatinwn
(diaquodiaminocyclohexaneplatinwn dimer).

B. (SP-4-2)-diaqua [( IR,2R)-cyclohexane-I,2-diamine-i'N,
N']platinum (diaquodiaminocyclohexaneplatinwn;
supplied as dinirrare),

C. (OC-6-33)-[(IR,2R)-cyclohexane-I,2-diamine-K'N,N'1
[ethanedioato-K'O,O'(2-)]dihydroxidoplatinwn,

C"H IIC1N,O,

(Ph. Bur. monograph 0778)

- signal-to-noise ratio: minimum 50 for the peak due to
impurity C and minimum 10 for the peakdue to
oxaliplatin in the chromatogram obtained with
reference solution (b).

Limits:
- impun"ty C: not more chan 0.5 times the areaof the

peak due [0 impurity C in the chromatogram obtained
with reference solution (I) (0.15 per cent);

- unspecified impurities: for each impurity) not more than
twice the area of the peakdue to oxaliplatin in the
chromatogram obtainedwith reference solution (b)
(0.10 per cent);

- sum of unspecified impuruies: not more than3 times the
areaof the peak due to oxalipIatin in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- disregard limit: the area of the peakdue to oxaliplatin
in the chromatogram obtained with reference
solution (b) (0.05 per cent); disregard any peak with a
retention time less than 2 min.

D. Sum of impurities other than D: maximum 0.30 per cent.

Loss on drying (2.2.31)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 2 h.

Bacterial endotoxin. (2.6.14)
Less than 1.0 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.f.2V) as described in the test for
impurity C and other relatedsubstances with the following
modifications.
Inj",tion 20 1'1. of test solution (b) and reference
solutions (c) and (d).

System suitability:
- resolution: minimum 2.0 between me peaks due to

dichlorodiaminocyc1ohexanepJatinum andoxaliplatin in
the chromatogram obtainedwith reference solution (d);

- repeatability: reference solution (c).

Calculate the percentage content of oxaliplatin using the
chromatogram obtained with reference solution (c).

IMPURITIES
Spedfied impurities A, B, C, D.

Other detectable impuniies (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of u.. /<SIS

in themonograph. They are limited by thegeneral ac<eptanre
cruetion for otherhmspecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these ;mpun"tits for
demonstration of compliance. Seealso 5.10. Control of impun'ties
in substances for pharmaceutical use) B.

A. oxalic acid,

Action and use
Benzodiazepine.

Preparadon
Oxazepam Tablets

PhE" ~ _

DEFINITION
(3RS)-7-Chloro-3-hydroxy-5-phenyl-1 ,3-dihydro-2H-I,4­
benzodiazepin-2-one.

Content
99.0 per cent to 101.0 per cent (dried substance).
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CHARACTERS
Appearance
\Vhite or almost white, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison oxazepam CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutiom
immediately before use.

Test solution Dissolve 40.0 mg of the substance (0 be
examined in 25 mL of a mixture of equal volumes of
acetonitrile R and water R and dilute to 50.0 mL with the
same mixture of solvents.

Reference solution (a) Dilute 1.0 mL of the (est solution to
100.0 mL with a mixture of equal volumes of acetonitrile R
and water R. Dilute 2.0 mL of this solution to 10.0 mL with
a mixture of equal volumes of acetonitrile Rand waur R.
Reference solution (b) Dissolve the contents of a vial of
oxazepam for peak identification CRS (containing
impurities A, B, C J D and E) in 1.0 mL of the test solution.

Column:
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn) resistant to bases up to pH I I.
Mobile phase:
- mobile phase A: dissolve 3.48 g of dipotassium hydrogen

plwsphale R in 900 mL of waterR, adjust to pH 10.5 with
a 40 gIL solution of sodium hydroxide R and dilute to
1000 mL with water R;

- mobile phaseB: acetonitrile R;

Time Mobile phase A MobIle phase B
(min) (per cent V/V,l (per cent VlJI)

0·4 75 25
4 - 34 75 ..... 25 25 ..... 75

34 - 45 25 75
45 - 50 25 ..... 75 75 ..... 25

50·60 75 25

Flow rau 1.0 mUmin.

Detection Spectrophotometer at 235 nm.

Injection i 0 JIL.
Identification of impun'cies Use the chromatogram obtained
with reference solution (b) and the chromatogram supplied
with oxazepam for peak identification CRS to identify the peaks
due to impurities A, B, CJ D and E.

Relativeretention With reference to oxazepam (retention
time = about 15 min): impurity E = about 0.7;
impurity A = about 0.8; impurity B =about 1.2;
impurity C = about 1.4; impurity D = about 2.0.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities E and A.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A =4.0;
impurity B = I.l;

Oxazepam II-497

- impurities AJ BJ CJ DJ E: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.2 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0. IO per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(1.0 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on dryIng (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C at a pressure not exceeding 0.7 kPa.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 10 mL of anhydrous acetic
add Rand 90 mL of acetic anhydride R. Titrate with 0.1 M
perchkmc acid, determining the end-point potentiometrically
(2.2.21l).

I mL of 0.1 M perehloric add is equivalent to 28.67 mg
of CI5HIIClN202'

STORAGE
Protected from light.

IMPURITIES
Specifiedimpun'ties A, B, C, D, E.

~>:
CI~ NH 0 and eR8nliomer

f' , H

~

A. (5RS)-7-<:hloro-5-phenyl-4,5-dihYdro-lH-i,4­
benzodiazepine-2,3-dione,

B. (3RS)-7-chloro-2-oxo-5-phenyl-2,3-dihydro-lH-i,4­
benzodiazepin-3-yl acetate,

C. 6-chloro-4-phenylquinazoline-2-<:arbaldehyde,
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D. (2-amino-5-chlorophenyl)phenylmethanone,

Tlme MobUe phase A MobUe phsse B
(min) (per cent VIJo') (per cent VIJo')

0-10 6. ••
10 - 20 60 -> 5 40 ---> 95

20 - 27 5 95

Solution B 1.8 gIL solution of sodium edeuue R in a mixture
of equal volumes of the phosphate buffersolution and
water R.
Test solution (a) Dissolve 50.0 mg of the substance to be
examined in 25 mL of acetonitrile R, sonicate for 10 min, cool
to room temperature and dilute to 50.0 mL with solution A.
Test solution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with the solvent mixture.
Reference solution (a) Dissolve the contents of a vial of
oxcarbazepine impuniy mixture CRS (impurities A, B, I and K)
in 0.5 mL of acetonitrile R and dilute to 1.0 mLwith
solution A.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with me solventmixture.
Reference solution (c) Dissolve 50.0 mg of oxcarbazepine CRS
in 25 mL of acetonitrile RJ sonicate for 10 min) cool to room
temperature and dilute to 50.0 mLwith solution A. Dilute
5.0 mL of this solution to 50.0 mLwith me solvent mixture.
Column:
- size: I:::: 0.25 m, 0 :::: 4.6 mm;
- stasionaty phase: phenylhexylsilyl s~i<a gelfor

chromatography R (5 urn),
- temperature: 40 "C.
Mobile phase:
- mobile phase A: acetonitrile R, solution B, tenuhydrofuran R,

waterR (5:10:10:75 VIVIVI11);
- mobile phase B: solution B, tetrahydrofuran RJ water RJ

acetonitrile R (10:10:20:60 VIVIVI11);

28721-07-5252.3

(Ph. Eur. monograph 2577)

Oxcarbazepine

____________________ PhE"

B. 7-chloro-S-phenyl-I ,3-dihydro-2H-l,4-benzodiazepin-2­
one 4-oxide.

~
NH2

'" I 0a

I""
-<"

Action and use
Antiepileptic.

PhE" _

DEFINITION
10-Oxo-lO,II-dihydro-5H-dibenzo[bJ)azepine-5­
carboxamide.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or faintly orange, crystalline powder.

Solubility
Practically insoluble in Water and in ethanol (96 per cent),
slightly soluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison oxcatbazepine CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Cany OUI the leSt protected
from light.
Solventmixture aceronitrile R, solution A (50:50 VW).

Phosphate buffer solution Dissolve 0.54 g of potassium
dihydrogen phosphate R and 8.9 g of disodium hydrogen
phosphate dihydrate R in 1.0 L of waterR.
Solution A 1.8 gIL solution of ascorbic add R.

Flow rate 1.0 mlJmin.

Deteaion Spectrophotometer at 240 nm.

Injection 10 IJ.L of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with oxcarbozepine impwitymixture CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, BJ I and K.
Relative retention With reference to oxcarbazepine (retention
time =about 6 min): impurity I =about 0.8;
impurity A :::: about l.3j impurities K and L == about l.4j
impurity B =about 1.6.

System su;Ulbility Reference solution (a):
- peak-w""'Ualley ratio: minimum4.0, whereHp = height

above the baselineof the peakdue to impurities K and L
and Btl :::: height above the baseline of the lowest point of
the curve separating this peakfrom the peak due to
impurity A.

Calculation of percentage contents:
- for each impurity, use the concentration of oxcarbazepine

in reference solution (b).
Limits:
- impuriues B, 1: for each impurity, maximum 0.1 per cent;
- sum of impurities K and L: maximum 0.1 per cent;
- unspecified impurities: foreach impurity, maximum

0.05 per cent;
- total: maximum 0.5 per cent;
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E. 5H-dibenzo[bJ]azepine,

D.5H-dibenzo[bJ]azepine-IO,II-dione,

- reporting threshold: 0.03 percent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatograpby (2.2.29) as described in the test for
related substances with the following modifications.
Mobile phase:

Time MobUe phase A MobUe phase B
(min) (per cent JlIJI) (per cent VII")

" - 7 6" 4"
7-' 60 ~ 5 40 --> 95

8 - 13 5 '5

o

Injection Test solution (b) and reference solution (c).
Calculate the percentage content OfC15H12N202 taking into
account the assigned contentof oxcarbazepine GRS.

IMPURITIES
Specified impun",;es B, I, K, L
Otherdeteaable impurities (thefolWwing substances would, if
present at a suffident level) be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for otherlunspedfied impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary UJ identify these impuruies for
demonstration of compliance. Seealso 5.10. Control of impun"lies
in substances forpharmaceutical use) A) CJ D, E, F) G,
H,M.

F. IQ-methoxy-5H-dibenzo[bJ] azepine-5-carbonyl chloride,

A. 5H-dibenzo[bJ]azepine-5-carboxamide (carbamazeplne),

G.5-ethyl-lQ-methoxy-5H-dibenzo[bJ]azepine,

H. 10-methoxy-5H-dibenzo[bJ]azepine,

1. 10, ll-dioxo-I0,II-<1ihydro-5H-dibenzo[bJ]azepine-5­
carboxamide,

o

B. lO-methoxy-5H-dibenzo[bJ]azepine-5-carb"xamide (10­
methoxycarbamazepine),

C. 5,II-dihydro-lOH-dibenzo[bJ] azepin-I O-one,

K. N-formyl-IO-oxo-I0, II-dihydro-5H-dibenzo[bJ]azepine-5­
carbcxamide,
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160

160 ..... 240

240

240 ..... 160

280

280

Temperature
rq

Time
(mln)

0-4

4 - 12

12 ~ 21

21 ~ 30

Iniection port

Detector

Column

Detection Flame ionisation.
Injection I l'1-.
Relative retention With reference to oxeladin (retention
time =about 13 min): impurity A =about 0.2;
impurity B = aboutO.4j impurity C = about 0.8;
impurity D = about 0.9.

System suitability Reference solution (a):
- resolution: minimum 10 between the peaks due to

impurity D and oxeladin.

Limits:
- impurity C: maximum 0.2 per cent;
- impup,ty D: maximum 0.3 per cent;

Dissolve2.0 g inwater R and dilute to 10.0 mL with the
same solvent.
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure. Prepare the solutions immediately before use.
Test solution Dissolve0.500 g of the substance to be
examined in waterR anddilute to 50 mL with the same
solvent. Add 1 mL of a 10.3 gIL solution of hydrochloric
acid R and shakewith 3 quantities, eachof 10 ml., of
methylene chloride R. Combine the lower layers. Add 5 mL of
concenmued ammonia R to the aqueous layer and shake with
3 quantities, each of 10 mL, of methylene chluride R. Combine
the lower layers with the lowerlayers obtained previously,
add anhydrous sodium sulfau R, shake, filter and evaporate the
filtrate by suitable meansat a temperature not exceeding
30 DC. Take up the residue with methylene chloride Rand
dilute to 20.0 mL with the samesolvent.
Reference solution (a) Dissolve 5 mg of oxeladin
impurity D CRS in 10 mL of warer R, add 0.5 mL of
concentrated ammonia R and shake with 3 quantities, each of
2 ml., of methylene chloride R. To the combined lower layers,
add 0.2 mL of the test solution and dilute to 10.0 mL with
methylene chloride R.
Reference solution (b) Dilute 1.0 mL of the lest solution to
100.0 mL with methylene chloride R. Dilute 1.0 mL of this
solution to 20.0 mL with methylene chloride R.
Reference solution (c) Dissolve 5 mg of oxeladm
impurity C CRS in 10 mL of water R, add 0.5 mL of
concentrated ammonia R and shake with 3 quantities) each of
2 ml., of methylene chloride R. Combine the lower layers and
dilute to 10 mL with methylene chloride R.
Column:
- maten'al: fused silica;
- size: 1== 25 ID, (2) == 0.32 mmj
- srarionary phase: phenyl(5)methy/(95)polysiloxane R (film

thickness 0.4 urn).

Carnergas helium for chromatography R.
Flowrate 1.0 mUmin; adjust the flow rate if necessary to
obtain a retention time of about 13 min foroxeladin.
Split ratio 1:15.
Temperature:

52432-71-1527.6

Action and use
Cough suppressant.

(ph. Eur. monograph 1761)

Oxeladin Hydrogen Citrate

M.I 0-[[(1O-oxo-I0,II-dihydro-5H-dibenzo[bJl azepin-5-yl)
carbonyl]amino]-5H-dibenzo[bJlazepine-5-carboxamide.

____________________ PI>E.r

Pl>E.r ~ _

L. N-acetyl-IO-oxo-10,II-dihydro-5H-dibenzo[bJlazepine-5­
carboxamide,

DEFINITION
2-[2-(Diethylamino)ethoxy]ethyl 2-ethyl-2-phenylbutanoate
dihydrogen 2-hydroxypropane-I,2,3-tticarboxylate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white,crystalline powder.
Solubility
Freely soluble in water, slightly soluble or very slightly
soluble in ethylacetate.
It shows polymorphism (5.9).

IDENflFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison oxeladin hydrogen citrate CRS.
If the spectra obtained in the solidstate show differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record. new spectra using the residues.

TESTS
Appearance of solution
The solution is clear (2.2.1) andnot moreintensely coloured
thanreference solution Y6 (2.2.2, l\1ethod /1).
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DEFINITION
Oxetacalne is 2,2'-(2-hydroxyethylimino)bis[N-(a,ct:­
dimethylphenethyl)-N-methylacelamide]. It contains not less
than 99.0% and not more than 100.5% of C2sH.uN303'
calculated with reference to the dried substance.

126-27-6467.6

Action and use
Local anaesthetic.

Oxetacaine

CHARACTERISTICS
A white or almost white powder.

Practically insoluble in water, freely soluble in methanol;
soluble in ethyl acetate.

IDENTIFICATION
The infrared absorption spearum, Appendix II A, is concordant
with the reference spectrum of oxetacaine (RS 254).

TESTS
Melting point
100°C to 104°C, Appendix V A.

Related substances
Carry out the method for thin-layer chromatography,
Appendix ill AI using the following solutions in ethyl tuetate.

(I) 10.0% wlv of the substance being examined.

(2) Dilute I volume of solution (I) to 200 volumes.

(3) Dilute I volume of solution (2) to 5 volumes.

CHROMATOGRAPHIC CONDITIONS

(a) Use a silica gel 60 precoated plate (Merck plates are
suitable).

(b) Use the mobile phase as described below.

(c) Apply 5 ~L of each solution.
(d) Develop the plate to 15 em.

(e) After removal of the plate, dry it in a current of warm air
and spray liberally with a solution containing 6% w/v of
ammonium thiocyanate and 2% wlv of coba/t(lI) chloride.
Carefully remove excess solution by applying filter paper to
the plate and allow the plate to dry in air for 10 minutes or
until spots appear.

MOBILE PHASE

1 volume of IBM ammonia, 20 volumes of absolute ethanol
and 79 volumes of toluene.

LIMITS

In the chromatogram obtained with solution (I):

any secondary spot is not more intense than the spot in the
chromatogram obtained with solution (2) (0.5%);

not more than one secondary spot is more intense than the
spot in the chromatogram obtained with solution (3) (0.1%).

Loss on drying
When dried at 60DC at a pressure nor exceeding 0.7 kPa for
4 hours, loses not more than 0.5% of its weight. Use I g.

HO/"'.y°~N"CH,

l.CH'

- Q1U' otherimpurity: for each impurity, maximum
0.1 per cent;

- total: maximum J.O per cent;
- disregard limit: me area of the principal peak in the

chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60°C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) detennined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchlom acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 AI perch/aric acid is equivalent to 52.76 mg
of C26H.IlNO IO•

IMPURITIES
Specified impurities C, D.

Otherdeteaable impurities (the following substances would, if
present at a sufficient level, be deuced by oneor other of the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for otherlumpedfied impurities and/orby thegeneral
monograph Substances for phannaautical use (2034). It is
therefore not necessary to identify these impun"cies for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) A, B.

~
(

CH3
I 0

# O~N.............-CH3

CH3
CH3

A. 2-[2-(diethylamino)ethoxy)ethanol,

C. 2-(diethylamino)ethyl 2-ethyl-2-phenylbutanoate,

B. 2-ethyJ-2-phenylbutanoic acid,

D. 2-[2-(diethylamino)ethoxy]ethyl (2RSj-2-phenylbutanoate.
_____________________ I'IIEII
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PhE" __~ _

Reference solution (a) Dissolve 7.s mg of oxitropium bromide
impurity B CRS in the mobile phase and dilute to 50.0 mL
with the mobilephase.
Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 50.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 50.0 mL with the mobile phase. Dilute 5.0 mL of
this solution to 50.0 mL with the mobilephase.
Reference solution (c) Mix 5.0 mL of the test solution and
5.0 mL of reference solution (a).
Reference solution (d) Dilute 15.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 50.0 mL with the mobile phase.
Reference solution (e) Dilute 5.0 mLof the test solution [0

50.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 50.0 mL with the mobile phase. Dilute 5.0 mL of
this solution to 50.0 mL with the mobile phase.

Column:
- size: 1= 0.125 m, 0 = 4.0 mm;
- stationary phase: base-deactivated octy!si/yl silica gelfor

chromatography R (5 prn) with a specific surface area of
350 m2/g and a poresize of 6 run.

Mobile phose acetonitrile for chromatography R, 7.8 f!!L
solution of 'odium dihydrogen phosphate R (10:100 VIII).
Flow rate 2.0 mIJmin.
Detection Spectrophotometer at 210 run.

Injection 50 f.IL of the test solution and reference
solutions (b), (c), (d) and (e).

Relative retention With reference [0 oxittopium (retention
time = about 6 min): impurity A = about0.8;
impurity B =about 0.9; imputity C =about 1.3.

System suicah-iJiry Reference solution (c):
- resolution: minimum 1.6 between the peaks due to

impurity B and oxitropium.

Limits:
- impun·ry A: not morethan the area of the principal peak

in the chromatogram obtained withreference solution (e)
(0.1 per cent);

- impurity B: not more than the area of the corresponding
peak in the chromatogram obtained withreference
solution (b) (0.1 per cent);

- impun"ty C: not more than the area of the principal peak
in the chromatogram obtained withreference solution (d)
(1.5 per cent);

- unspeCIfied impurities: foreachimpurity, not morethan the
area of the principal peakin the chromatogram obtained
with reference solution (e) (0.10 percent);

- sumof unspecified impurities: not more than twicethe area
of the principal peakin the chromatogram obtained with
reference solution (e) (0.2 per cent);

- disregard limit. 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (e)
(0.05 per cent).

Impurity D
liquid chromatography (2.2.29).

Testsolution Dissolve 75.0 mg of the substance to be
examined in the mobilephase and dilute to 50.0 mL with
the mobile phase. Dilute 5.0 mL of the solution to 50.0 mL
with the mobile phase.
Reference solution (a) Dissolve 6.0 mg of oxitropium bromide
impuniy D CRS in the mobile phase and dilute to 50.0 mL
with the mobilephase.

30286-75-0412.3

(Ph. Eur. monograph 2170)

Sulfated ash
Not more man 0.1 %, Appendix IX A.

ASSAY
Dissolve 1 g in 50 mL of anhydrous acetic acidand carry out
Method I for non-aqueous titration, Appendix vm A,
determining the end-point potentiometrically. Each mL of
0.1." perchlotic acid VS is equivalent to 46.76 mg of
C2sH41N30Jo

Action and use
Anticholinergic; treatment of reversible airways obstruction.

Oxitropium Bromide

DEFINITION
(IR,2R.4S, 5S,7s,9s)-9-Ethyl-7 -[[(28)-3-hydroxy-2­
phenylpropanoyl]oxy]-9-methyl-3-oxa-9-azoniatricyclo
[3.3.1.02,4]nonane bromide (ethylhyoscine).

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACfERS
Appearance
White or almost white, crystalline powder.
Solublllty
Verysoluble in water, freely soluble in methanol) sparingly
soluble in ethanol (96 per cent). practically insoluble in
methylene chloride.
It shows polymorphism (5.9).

IDENITFlCATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison oxiuvpium bromide CRS.
If the spectra obtained in the solidstateshowdifferences at
about 1700 em-I and about 3300 em-1, dissolve the
substance to be examined and the reference substance
separately in methanol R, evaporate to dryness and record
new spectra usingthe residues.
B. It gives reaction (a) .of bromides (2.3.1).

TESTS
Specific optical rotation (2.2.7)
-26 to -24 (dried substance).

Dissolve 1.0 g in water R and dilute [0 20.0 mL with the
same solvent.

Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 75.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase. Dilute 5.0 mL of the solution to 50.0 mL
with the mobile phase.
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___________________ P1JE..

/4698-29-4261.2

(CHS

0Y'YN)
\~C02H

o

Action and use
Antibacterial.

Oxolinic Acid

DEFINITION
5-Ethyl-8-oxo-5,8-dihydro-1,3-dioxolo [4,5-g) quinoline-7­
carboxylic acid.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Almostwhite or pale yellow, crystalline powder.

Solublllty
Practically insoluble in water, very slightly soluble in
methylene chloride, practically insoluble in ethanol
(96 per cent). It dissolves in dilutesolutions of alkali
hydroxides.

IDENTIFICATION
First idendficoiion: B.

Second identification: A, C.

A. Ultraviolet and visibleabsorption spectrophotometry
(Z.Z.Z5).

Testsolution Dissolve 25.0 mg in 5 mL of 0.1 M sodium
hydroxide, heatingon a water-bath. Allow to cool and dilute
to 100.0 mL with methanol R. Dilute 2.0 mL of this solution
to 100.0 mL with 0.1 M hydrochloric acid.
Spectral range 220-350 nm.
Absorption maxima At 260 nm, 322 nm and 336 nm.
Absorbance ratio A,odA,,. = 4.9 to 5.2.

B. Infrared absorption spectrophotometry (Z.2.24).

Comparison oxoUnic acid CRS.
C. Thin-layer chromatography (Z.Z.Z7).

Testsohuion Dissolve 10 mg of the substance to be.
examined in 3 mL of dilute sodium hydroxide sdution Rand
dilute to 20 mL with ethanol (96 percen!! R.

Reference solution (a) Dissolve 10 mg of o:rolinle acidCRS in
3 mL of dilute sodium hydroxide solution R and dilute to
20 mL with ethanol (96 perem!! R.

P1JE.. _

D. (IR,2R,4S,5S,7s,9s)-9-ethyl-9-methyl-7-[(2­
phenylacryloyl) oxy]-3-oxa-c-azoniarricyclo [3.3.1.0,,4)
nonane (apo-N-ethylhyoscine).

(Ph. Eur. monograph 1353)

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 200.0 mL with the mobile phase. Dilute 5.0 mL of this
solution [0 50.0 mL with the mobilephase.
Reference solution (c) To 5.0 mL of the test solution add
5.0 mL of reference solution (a).
Column:
- size: 1= 0.125 m, 0 =4.0 mm;
- stationary phase: base-deactivated aaylsilylsilica gelfor

chromatography R (5 pm).

Mobile phase acetonilrile for chromatography R, 7.8 gIL
solution of sodium dihydrogen phosphate R (18.5:100 VIV).
Flow rate 2.0 mlJmin.

Detection Spectrophotometer at 210 om.
Injection 50 J.1L of the test solution and reference
solutions (b) and (c).

Systemsuitability Reference solution (c):
- resolution: minimum 3.0 between the peaksdue to

impurity D and oxitropium.
Limit:
- impun"ty D: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (0.2 per cent).

Loss on drying (Z. Z. 3Z)
- Maximum 0.5 per cent, determined on 1.000 g by drying in

an oven at 105°C.

ASSAY
Dissolve 0.350 g in 100 mL of waterR and add 5.0 mL of
dilute nitric acid R. Titratewith 0.1 M silvernitrate. Determine
the end-point potentiometrically (2.2.20) using a silver
indicator electrode and a silver-silver chloride reference
electrode.
1 mL of 0.1 M silver nitrate is equivalent to 41.23 mg of
CI9H,oBrNO•.

IMPURITIES
Specified impurities A, B, C, D.

C. (IR,2R,4S,5S,7s,9r)-9-ethyl-7-[[(2S)-3-hydroxy-2­
phenylpropanoyl]oxy)-9-methyl-3-oxa-9-azoniatricyclo
[3.3.1.02,4]nonane (pseudo-isomer),

A. (IR,2R,4S,5S,7s)-9-ethyl-3-oxa-9-a2atrieyclo
[3.3.1.0,,4)non-7-yl (2S)-3-hydroxy-2-phenylpropanoate
(N-ethylnorhyoseine),

B. (IR,2R,4S,5S,7s)-7-[[(2S)-3-hydroxy-2­
phenylpropanoyl)oxy]-9,9-dimethyl-3-oxa-9-azoniatricyclo
[3.3.1.0',4)nonane (methylhyoseine),
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A. 8-hydroxy-l,3-dioxolo[4,5-g]quinoline-7-carboxylic acid,

**** ** ** ****

5987-82-6344.9

CH,

0D0"< I I
° "" Co,H

o

B. ethyl 5-ethyl-8-oxo-5,8-dihydro-I,3-dioxolo[4,5-g]
quinoline-7-carboxylate,

- impurities AJ C: any spot due to impurities A or C is not
more intense than the principal spot in the chromatogram
obtainedwith reference solution (a) (0.4 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by heating in
an oven at 105°C.

Su1futed ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 150 mL of dimethylfannamide R. Titrate
with 0.1 1\'1 tetrabutylammonium hydroxideJ determining the
end-point potentiometrically (2.2.20). Use a glass indicator
electrode and a suitable reference electrode.
1 mL of 0.1 M tetrabmylammonium hydroxide is equivalent to
26.12 mg of CnHIINO,.

STORAGE
Protected from light.

IMPURITIES

C.5-methyl-8-oxo-5,8-dihydro-I,3-dioxolo[4,5-g]quinoline-7­
carboxylic acid.

Oxybuprocaine Hydrochloride
(Ph. EUT. monograph 1251),

Action and use
Local anaesthetic.

Preparation
Oxybuprocaine Eye Drops

____________________ ,,[<1

Reference solution (b) Dissolve 5 rng of ciprofioxacin
hydrochloride CRS in methanol R and dilute to 10 mL with the
same solvent. Dilute 1 mL of this solution to 2 mL with
reference solution (a).

Plate TLC silica gelplate R.

lvlobile phase . acetonitrile R, concentrated ammonia R,
methanol R, methylene chloride R (10:20:40:40 VIVIVIV).

Application 10 ~L.

Development At the bottom of a chromatographic tank,
placean evaporating dish containing 50 mL of concentrated
ammonia R and expose the plate to the ammonia vapour for
15 min in the closed rank; withdraw the plate, transfer to a
second chromatographic tank and proceed with development
over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated principal

spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to

the principal spot in the chromatogram obtainedwith
reference solution (a).

TESTS
Solution S
Dissolve 0.6 g in 20 mL of a 40 gIL solution of sodium
hydroxide R.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
than reference solution B7 (2.2.2, Method II).

Related substances
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.10 g of me substance to be
examined in 3 mL of dilute sodium hydroxide solution R and
dilute to 10 mL with ethanol (96 per cen!> R.
Reference solution (a) Dilute 1 mL of the test solution to
50.0 mL with ethanol (96 percen!> R. Dilute 1.0 mL of this
solution to 5.0 mL with ethanol (96 percent) R.
Reference solution (b) Dissolve 2 mg of oxolinic add
impuM·Ly B CRS in ethanol (96 per cen!> R and dilute to
10 mL with the same solvent. Dilute 1.0 mL of this solution
to 10 mL with ethanol (96 per cen!> R.
Reference solution (c) Dissolve 5 mg of the substance to be
examined and 5 mg of oxolinic acid impun'ty A CRS in 2 mL
of dilute sodium hydroxide solution R and dilute to 40 mL with
ethanol (96 percent) R.
Plate cellulose for chromatography R as the coating substance.
Mobile phase ammonia R, waterR, propanol R
(15:30:55 VIVIV).

Application 5 p.L, in sufficiently small portions to obtain
smallspots.
Deuelopment Over 2/3 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 nm.
System suitability Reference solution (c):
- the.chromatogram shows 2 clearly separated principal

spots.
Limits:
- impun'ly B: any spot due to impurity B is not more intense

than the corresponding spot in the chromatogram
obtainedwith reference solution (b) (0.2 per cent),
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DEFINITION
2-(Diethylamino)ethyI4-amino-3-butoxybenzoate
hydrochloride.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor colourless
crystals.

Solubility
Verysoluble in water, freely soluble in ethanol (96 per cent).
It shows polymorphism (5.9).

IDENTIFICATION
First identification: B.. D.
Second identification: A, C.. D.
A. Melting point (2.2.14): 158"C to 162 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison oxybuprocaine hydrochloride CRS.
If me spectra obtained show differences, dissolve the
substance to be examinedand me reference substance
separately in methanol RJ evaporate to dryness andrecord
new spectra using the residues.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 40 mg of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.
Reference solution (a) Dissolve 40 mg of oxybuprocaine
hydrochloride CRS in methanol R and dilute to 10 mL with the
same solvent.
Reference solution (b) Dissolve 20 mg of procaine
hydrochloride R in reference solution (a) and dilute to 5 mL
with reference solution (a).
Piate TLC silica gelFm plate R.
Mobile phase anhydrous lonnie add R, methanol R, water R,
ethyl acetate R (10:15:15:60 VIVIVIV).
Application 5 ~L.

Development Overa path of 10 cm.
Drying In a current of warm air for 10 min.
Detection Spray with dimethylaminobenzaldehyde solution R7
and examine in ultraviolet light at 254 run.
SystemsuiuzhlJr"ty Reference solution (b):

- the chromatogram shows 2 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colourand size to
the principal spot in the chromatogram obtained with
reference solution (a).
D. Dilute 0.2 mL of solution S (see Tests) to 2 mL with
warer R. The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free warer R and dilute to
50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Ys (2.2.2, Metlwd If).

pH (2.2.1)
4.5 to 6.0 for solution S.

Oxybuprocaine Hydrochloride II-50S

Related substances
Liquid chsomatography (2.2.29).

Buffer solution pH 2.5 Add 6 mL of perchloric acidsolution R
and 12 mL of dilute phosphoric acidR to 950 mL of water R.
Adjust to pH 2.5 with a 40 gIL solutionof sodium
hydroxide R and dilute to 1000.0 mL with warer R.
Testsolution Dissolve 10.0 mg of the substance to be
examined in themobilephaseand dilute to 25.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solutionto
20.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 100.0 mL with the mobilephase.
Reference solution (b) M.ix 1.0 mL of the test solutionwith
1 mL of a 40 gIL solutionof sodium hydroxide R and allowto
stand for 20 min. Add I mL of d,lure phosphoric acidRand
dilute to 100.0 mL with the mobile phase. Dilute 25 mL of
this solution to 100.0 mL with themobile phase.
Column:
- size: 1= 0.15 m, 0 = 3.9 mrn;
- stationary phase: octadecy/silyl silka gelfor

chromatography R1 (5 urn) with a pore size of 10 nm and
a carbonloading of 19 per cent;

- temperature: 35 "C.

Mobile phase acetonitrile R, buffer solutionpH 2.5
(25:75 VIV).
Flaw rare I mUmin.

Detection Spectrophotometer at 309 run.
Injection 20 ~L.

Run time 4 times the retention time of oxybuprocaine.
Retention time Oxybuprocaine = about 9 min.
Systemsuitability Reference solution (b):
- resoltuion: minimum 12 between the peaks due to

oxybuprocaine and impurity B (hydrolysis product).

Limits:
- any impun·ty: for each impurity, not more than 0.4 times

the area of the principal peak in the chromatogram
obtainedwith reference solution (a) (0.1 per cent);

- total: not more than the area of the principal peak in the
chromatogram obtained withreference solution (a)
(0.25 per cent);

- disregard timit: 0.05 timesthe area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.0125 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 20 rnL of anhydrous acetic
acid Rand 20 mL of acetic anhydride R. Titrate with 0.1 M
perehforic acid; determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchloric acidis equivalent to 34.49 mg
of C17H29ClN20j.

STORAGE
Protected from light.
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DEFINITION
4-(Diethylamino)but-2-ynyl (RS)-2-cyclohexyl-2-hydroxy-2­
phenylacetate hydrochloride.

Content
99.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystaUine powder.

Solubility
Freelysoluble in water and in ethanol (96 per cent), soluble
in acetone, practically insoluble in cyclohexane.

**** ** ** ****

1508-65-2

HC'

394.0

('yco,H
H,Ny

OH
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.• O~ N Cft,.
OH ~ '-./

andenanuomer

IMPURITmS

A. 4-aminobenzoic acid,

B. 4-amino-3-butoxybenzoic acid,

C. 4-amino-3-hydroxybenzoic acid.

(Ph. Eur. monograph 1354)

Oxybutynin Hydrochloride

Test solution Dissolve 50 mg of the substance to be
examined in ethano/ (96 percenlj R and dilute to 10 mL with
the same solvent.

Reference solution Dissolve 10 mg of oxyburynin
hydroch/aritk GRS in ethanol (96 percen!) R and dilute to
2 mLwith the same solvent.

Plate TLG silica gelplateR.
Mobile phase methanol R.

Application 5 ~IL.

Development Over 2/3 of the plate.

Drying In air.

Detection Expose to iodine vapour for 30 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position) colourand size to
the principal spot in the chromatogram obtained with the
reference solution.
D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S

____________________ PIo E" Dissolve 2.00 g in waterR and dilute to 20.0 mL with the
same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
than reference solution BY5 (1.1.1. Method 11).

Optical rotation (1.2.7)
-0.100

£0 + 0.10°) determined on solution S.

Related substances
Liquld chromatography (1.1.29).

Test sdution Dissolve 50.0 mg of the substance to be
examinedin the mobile phaseand dilute to 10.0 mL with
the mobile phase.
Reference so/ution (a) Dissolve 5.0 mg of oxybu!Y"in
hydrochloride GRS and 5.0 mg of oxybutynin impuri!>, A GRS
in the mobile phase and dilute to 10.0 mL with the mobile
phase. Dilute 5.0 mL of this solution (0 50.0 mL with the
mobilephase.
Reference so/ution (b) Dilute 1.0 mL of the (est solution to
200.0 mL with the mobile phase.

Go/umn:
- size: 1= 0.15 m, 0 = 3.9 mm;
- stationary phase: octylsilyl silicagel for chromatography R2

(5 1"").
kfobiJe phase Mix49 volumes of a solutioncontaining
3.4 gIL of potassium dihydrogen plwsphate Rand 4.36 gIL of
dipotassium hydrogen phosphate Rand 51 volumes of
acewnitrile R1.
Flow rate 1 mUmin.
Detection Spectrophotometer at 210 om.
Injection 10 ~L.

Run time Twice the retention timeof oxybutynin.
Retention time Oxybutynin = about 15 min;
impurity A = about 24 min.
Syuem suitabl7ity Reference solution (a):
- resolution: minimum 11.0 between the peaksdue to

oxybutynin and impurity A.
Limits:
- impun"ly A: not more than 1.5 times the area of the

corresponding peak in the chromatogram obt.ained with
reference solution (a) (1.5 per cent);

- unspecified impun"ties: for each impurity, not more than
0.2 times the area of the principal peak in the

CnH"CINO,

Action and use
Anticholinergic.

Preparadons
Oxybutynin Oral Solution
Oxybutynin Tablets
Oxybutynin Prolonged-release Tablets

IDENTIFICATION
First identification: B) D.
Second identification: A, C, D.
A. Melting point (2.2.14): 124 °C to 129 °C.

B. Infrared absorption spectrophotometry (2.1.24).
Gomparison oxybutyninhydrochloride GRS.
C. Thin-layer chromatography (2.2.27).
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Oxycodone Hydrochloride

E. 4-(ethylpropyJamino)but-2-ynyl (RS)-2-cyclohexyl-2­
hydroxy-2-phenylacetate (ethylpropyl analogue of
oxybutynin).

(Ph. Eur. monograph 1793)

D. (RS)-2-cyclohexyl-2-hydroxy-2-phenylacetic acid
(phenylcyclohexylglycolic acid),

chromatogram obtained with referencesolution (b)
(0.10 per cent);

- sumof impurities other than A: not more than the area of
the principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum3.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 5.0 mL of 0.01 M
hydrochloric acidand 50 mL of ethanol (96 percenlj R. Carry
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide, Read the volume added between the 2 pointsof
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 39.4 mg of
C"H32CIN03 •

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A.

Otherdetectable impurities (the folluwing sub'tances would, if
present Qt a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cruenon for other/unspuified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not neussaryto identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, C, D, E.

A. 4-(diethylamino)but-2-ynyl (RS)-2-(cyclohex-3-enyl)-2­
cyclohexyl-2-hydroxyacetate,

Action and use
Opioid receptor agonist; analgesic.
Preparations
Oxycodone Capsules

Oxyoodone Injection
Oxycodone Oral Solution
Oxyoodone Prolonged-release Tablets

Pl>E<r _

B. 4-(diethylamino)but-2-ynyl 2-hydroxy-2,2-diphenyJacetate
(dip!ieuyl analogue of oxyburynin),

CZf
o

(OH,

... o~ N
OH ~ 'CH3

andenantiomer

C. 4-(ethylmethyiamino)but-2-ynyl (RS)-2-cyclohexyl-2­
hydroxy-2-phenyJacetate (methylethyl analogue of
oxybutynin),

DEFINITION
4,5~-Epoxy-14-hydroxy-3-methoxy-17-methylmorphinan-6­

one hydrochloride.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost whitepowder, hygroscopic.

Solubility
Freely soluble in water, sparingly soluble in anhydrous
ethanol, practically insoluble in toluene.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Dissolve 50 mg in waterR and dilute to 5 mL with the same
solvent. Render the solution alkaline with dilute ammonia RI.
AlIo\V the mixture to stand until a precipitate is formed.
Filter, washthe precipitate with 10 mL of cold water R, and
dry for 1 h at 105°C. Examine the precipitate.
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Comparison Repeat the operations using 50 mg of oxycodone
hydrochloride CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.00 g in carbon dioxide-free waterRand dilute to
50.0 mL with thesame solvent.

AcidIty or a1kallnity
To 10 mL of solution S add 0.05 mL of metJryl redsolution R.
Not more than 0.2 mL of 0.02 M sodium hydroxide or 0.02 M
hydrochloric add is required to change the colourof the
indicator.

Specific optical rotation (2.2.7)
-140 to -148 (anhydrous substance), determined on
solution S.

Related substances
liquid chromatography (2.2.29). Prepare 'he solutions protected
from ligh'
Test solution Dissolve 0.100 g of the substance to be
examined in a 1 per cent VIVsolution of dilute acetic acid R
and dilute (0 50.0 mL with thesamesolvent.
Reference solution (a) Dissolve 20.0 mg of oxycodone
impurity D CRS in a I per cent VIV solution of diluteacetic
acid R and dilute to 10.0 mL with the same solution.
Reference solution (b) To 1.0 mL of the test solution, add
1.0 mL of reference solution (a) and dilute to 100.0 mL with
a 1 per cent VIVsolution of dllure acetic add R. Dilute
1.0 mL of the solution to 10.0 mL with a I per cent VIV
solution of diluu acetic acid.R.
Column:
- size: I:::: 0.15 m, 0 = 4.6 mm;
- stationary phose: octadecylsilyl sill<a gelfor chromatography R

(5 fUD);
- temperature: 40 "C.
Mobile phose:
- mobile phoseA: mix 830 mL of a 1.1 gIL solution of

sodium heptanesulfonau monohydrate R previouslyadjusted
to pH 2.0 with a mixture of equal volumes of phosphori<
acid R and water R, with 70 mL of acewnitriJe Rand
100 mL of methanol R;

- mobile phoseB: mix 600 mL of a 1.1 gIL solution of
sodium hepumesulfonau monohydrate R previously adjusted
to pH 2.0 with a mixtureof equal volumes of phosphoric
acidR and waMr R, with ISOmL of acelOtlitriJe Rand
250 mL of methanol R;

2022

Limits:
- correction factor: far the calculation of content) multiply the

peak area of impurity F by 0.5;
- sumof impurities D and E: not more than 10 times the

area of the peak due to oxycodone in the chromatogram
obtained with reference solution (b) (1.0 per cent);

- impuniies A, B, G, F: for each impurity, not more than
the areaof the peak due to oxycodone in the
chromatogram obtained with reference solution (b)
(0.1 per cent);

- any other impuniy: for each impurity, not more than the
area of the peak due to oxycodane in the chromatogram
obtained with reference solution (b) (0.1 per cent);

- total: not more than 15 times the area of the peakdue to
oxycodone in the cluomatogramobtained with reference
solution (b) (1.5 per cent);

- disregard limit: 0.5 times the areaof the peak due to
oxycodone in the chromatogram obtained with reference
solution (b) (0.05 per cent).

Ethanol (2.4.24, System A)
Maximum 1.0 per cent.

Water (2.5.12)
Maximum 7.0 per cent, determinedon 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 5.0 mL of 0.01 M
hydrochlori< acidand 60 mL of ethanol (96 percent) R. Titrate
with 0.1 M ethandic sodium hydroxide, determining the
end-point potentiomebically (2.2.20). Measure the volume
used between the 2 inflexion points.
1 mL of 0.1 M ethanol~ sodium hydroxide is equivalent to
35.19 mg of CtsH"CINO._

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impun'ties A, B, C, D, E, F.

~CH3

/~~l
~HO O····H 0

Flow raM 1.5 mUmin.

Detection Spectrophotometer at 230 nm.
Injection 20 ~L.

Relative retention With reference to oxycodone (retention
time =about 24 min): impurity A =about 0.4;
impurity B = about 0.7; impurity C = about 1.14;
impurity D =about 1.18; impurity E =about 1.18;
impurity F =about 2.4.
System suitability Referencesolution (b):
- resolution: minimum 3 between the peaks due to

oxycodone and impurity D.

Time
(min)

0-60

Mobile phase A
(per cent Viii)

100 -+ 50

Mobile phase B
(per cent Viii)

o~ 50

A. 4,5~-epoxy-3,14-dihydroxy-17-methylmorphinan-6-one
(oxymorphone),

B. 4,5~-epoxy-3-methoxy-17-methylmorphinan-oo,14-diol
(7,8-dihydro-I4-hydroxycodeine),
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C. 4,5~-epoxy-14-hydroxy-3-methoxymorphinan-6-one
(noroxycodone),

D. 7,8-didehydro-4,5~-epoxy-14-hydroxy-3-methoxy-17­
methylmorphinan-6-one (14-hydroxycodeinone),

E. 4,5~-epoxy-3-methoxy-17-methylmorphinan-6-one
(hydrocodone),

F. 6,7,8,14-tetradehydro-4,5~-epoxy-3-6-dimethoxy-17­
methylmorphinan (thebain).

_____________________ 1'/1£11

Oxygen
(ph. Bur. monograph 0417)

Oxygenshouldbe kept in approved metal cylinders, the shoulders
of which arepainted white and the remainder black. The cylinder
shouldcany a label stating cOxygen'. In addition, 'Oxygen'or
the symbol '02' shouldbe stencilled in paint on the shoulder of the
cylinder.

When Oxygen is intended for we in a room in whkh magnetic
resonan~ imaging (MRl) is beingpetformed, the cylinder ani
fittings should be madefrom suitable non-ferromagnetic materials
and labelled accordingly.

0, 32.00 7782-44-7
PhEII _

DEFINITION
Content
Minimom 99.5 per cent VIV of 0,.
This monograph applies to oxygen for medicinal use.

CHARACTERS
Appearance
Colourless gas.

Oxygen 11-509

Solubility
At 20°C and at a pressure of 101 kPa, 1 volume dissolves in
about 32 volumes of water.

PRODUCTION
Oxygen is produced by a purification process followed by
cryodistiUation of the ambient air.

Carbon dioxide
Maximum 300 ppm VIV, determined using an infrared
analyser (2.5.24).

Gas to beexamined Filter the substance to be examined to
avoid stray light phenomena.

Reference gas (a) Oxygen R.

Reference gas (6) Mixture containing 300 ppm VIVof carbon
dioxide Rl in mirogen Rl.

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of carbon dioxide in
me gas to be examined.

Carbon monoxide
Maximum 5 ppm VIVo determined using an infrared analyser
(2.5.25).

Gas UJ beexamined Filter the substance to be examined to
avoid stray light phenomena.

Reference gas (q) Oxygen R.
Reference gas (6) Mixture containing 5 ppm VIV of carbon
monoxide R in nitrogen RI.

Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of carbon monoxide
in the gas to be examined.

Water
Maximom 67 ppm VIV; determined using an electrolytic
hygrometer (2.5.28).

Assay
Determine the concentration of oxygen using a paramagnetic
analyser (2.5.27).

IDENnFICATION
It complies with the limits of the assay.

TESTS
Carbon dioxide
Maximum 300 ppm VIVo determined using a carbon dioxide
detector tube (2.1.6).

Carbon monoxide
Maximum 5 ppm VIV, determined using a carbon monoxide
detector tube (2.1.6).

Water vapour
.Maximum 67 ppm VIVo determined using a water vapour
detector tube (2.1.6).

STORAGE
As a compressed gas or liquid in appropriate containers,
complying with the legal regulations. Oils and grease are not
to be used unless they are oxygen-compatible.

IMPURITIES
Specified impurities A, B, C.

A. CO2: carbon dioxide,

B. CO: carbon monoxide,

C. H20 : water.
_____________________ Ph Ell
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DEFINITION
Content
90.0 per cent VIV to 96.0 per cent VIV of 0" the remainder
mainlyconsistingof argon and nitrogen.
This monograph applies to oxygen (93 per cent) for
medicinal use. It does not apply to gas produced using
individual concentrators for domiciliary use.

PRODUCTION
Oxygen (93 per cent) is produced in single-stage
concentrators by adsorption purification of ambient airusing
zeolites. During production, the oxygen content is
continuously monitored by means of a paramagnetic analyser
(2.5.27). Following the design and installation of the
concentrator, and afterany modification or significant
intervention, the gas producedcomplieswith the following
requirements.

Carbon dioxide
Maximum 300 ppm VIV, determined using an infrared
analyser (2.5.24).

Gas to be examined The substance to be examined. It must
be filtered to avoidstray lightphenomena.
Reference gas (a) OxygenR.

Reference gas (b) A mixture of 7 per cent VIV of nitrogen RI
and 93 per cent VIV of oxygen R, containing 300 ppm VIV of
carbon dioxide RI.

Calibrate the apparatus and set the sensitivity usingreference
gases (a) and (b). Measure the content of carbon dioxide in
the gas [0 be examined.

Carbon monoxide
Maximum 5 ppm VIV, determined using an infrared analyser
(2.5.25).

Gas to be examined The substance to he examined. It must
be filtered to avoidstray light phenomena.
Reference gas (a) OxygenR.
Reference gas (b) A mixture containing 5 ppm VIV of carbon
monoxide R in nitrogen RI.
Calibrate the apparatus and set the sensitivity using reference
gases (a) and (b). Measure the content of carbon monoxide
in the gas to be examined.

Nitrogen monoxide and nitrogen dioxide
Maximum 2 ppm VIV in total, determined using a
chemiluminescence analyser (2.5.26).
Gas to beexamined The substance to be examined.
Reference gas (a) A mixture of 21 per cent VIV of oxygen R
and 79 per cent VIV of nitrogen RI, containing less than
0.05 ppm VIVofnitrogen monoxide and nitrogen dioxide.
Reference gas (b) A mixture containing 2 ppm VIV of
nitrogen dioxide R in nitrogen RI.

Calibrate the apparatus and set the sensitivity usingreference
gases (a) and (b) ..Measure the contentof nitrogen monoxide
and nitrogen dioxide in the gas to he examined.

Sulfur dioxide
Maximum I ppm VIV, determined using an ultraviolet
fluorescence analyser (Figure 2455.-1.).

The apparatus consists of the following:

11-510 Oxygen (93 per cent)

Oxygen (93 per cent)
(Pit. Eur. monograph 2455)

0, 32.00

**** *• •* •
***
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- a system generating ultraviolet radiation with a wavelength
of 210 nm, madeup of an ultraviolet lamp, a collimator)
and a selective filter; the beam is blockedperiodically by a
chopper rotating at high speeds;

- a reaction chamber, through which flows the gas to be
examined;

- a system that detects radiation emitted at a wavelength of
350 nm, made up of a selectivefilter, a photomultiplier
tube and an amplifier.

Gas to beexamined The substance to be examined. It must
be filtered.

Reference gas (a) A mixture of 7 per cent VIV of nitrogen RI
and 93 per cent VIV of oxygen R.

Reference gas (b) A mixture of 7 per cent VIV of nitrogen Rl
and 93 per cent VIV of oxygen R) containing 0.5 ppm VIV to
2 ppm VIV of sulfurdioxide Rl.
Calibrate the apparatus and set the sensitivity usingreference
gases (a) and (b) ..Measure the content of sulfur dioxide in
the gas to be examined.

Oil
Maximum 0.1 mglm3, determined using an oil detectorrube
(2.1.6).

Water
Maximum 67 ppm VIJ', determined using an electrolytic
hygrometer (2.5.28).

Assay
Determine the concentration of oxygen using a paramagnetic
analyser (2.5.27).

CHARACTERS
Appearance
Colourless gas.

JDENfIFICATION
It complies with the limits of the assay.

TESTS
Carbon dioxide
Maximum 300 ppm VIV, determined using a carbon dioxide
detector tube (2.1.6).

Carbon monoxide
Maximum 5 ppm VrJ1, determined using a carbon monoxide
detector tube (2.1.6).

Nitrogen monoxide and nitrogen dioxide
Maximum 2 ppm VIV in total, determined using a nitrogen
monoxide and nitrogen dioxidedetectortube (2.1.6).

Sulfur dioxide
Maximum 1 ppm VIV, determined using a sulfurdioxide
detector tube (2.1. 6).

Oil
Maximum 0.1 mg/m", determined using an oil detector tube
(2.1.6).

Water vapour
Maximum 67 ppm VIV, determined using a water vapour
detector tube (2.1.6).

ASSAY
Determine the content of oxygen using a paramagnetic
analyser (2.5.27).

STORAGE
Oxygen 93 per cent obtainedfrom an oxygen concentrator is
normally used on the site where it is produced. It is fed
directly into a medicinal gas pipeline or administration
system. Where authorised by the competent authority, it may
be stored in suitable containers complying with the legal
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Figure 2455.-1. - UVfiuorescence analyser

PhEU" _

____________________ PhEU"

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freelysoluble in water and in ethanol (96 per cent).

IDENTIFICATION
First identification: A, D.
Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison oxymetazoline hydrochloride CRS.

B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 20 mg of me substance to be
examined in a mixture of equal volumes of ethylacetate Rand
methanol R and dilute to 5 mL with the same mixture of
solvents. ,
Reference solution Dissolve 20 mg of oxymetazoline
hydro<hloride CRS in a mixture of equal volumes of ethyl
acetate R and methanol R and dilute to 5 mL with the same
mixture of solvents.
Pkue TLC silica gel G plare R.

Mobik phase dkrhylamine R, cydohexane R, anhydrous
ethanol R (6:15:79 VIVIJI).

Applicarion 5 ~L.

Development Over 2/3 of the plate.

Drying In a current of wannairfor 5 min, then allow to
cool.

23/5-02-8

. HCl

296.8

Oxymetazoline Hydrochloride

regulations. Oils and greaseare not [0 be used unless they
are oxygen-compatible.

IMPURITIES
A. CO 2: carbon dioxide,

B. CO: carbon monoxide,

C. SO,: sulfur dioxide,

D. NO and N02: nitrogen monoxide and nitrogen dioxide,

E. oil,
F. H 20: water.

(Ph. Eur. monograph 0943)

CH3 OH

H'CWCH'
H,C I 7)

"" ~CH,

Action and use
Alpha-adrenoceptor agonist; decongestant.

DEFINTIlON
3-[(4,5-Dihydro-IH-imidazol-2-yl)methyl]-6-(I,1­
dimethylethyl)-2,4-dimethylphenol hydrochloride.
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Detection Spraywith a freshly prepared 5.0 gIL solution of
potassium ferricyanide R in fenic chloride solution R2j examine
in daylight.

Results The principal spot in the chromatogram obtained
with the test solution is similarin position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

C. Dissolve about 2 mg in 1 mL of waterR, then add
0.2 mL of a 50 WI. solution of sodium nitroprnsside R and
0.2 mL of dilute sodium hydroxide solution R. Allow to stand
fot 10 min. Add 2 mL of sodium hydrogen carbonate
solution R. A violet colour develops.
D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intenselycoloured
than reference solution BY7 (2.2.2, Method/1).
Dissolve 2.5 g in warer R and dilute to 50 mLwith the same
solvent.

Acidity or alkaIinlty
Dissolve 0.25 g in carbon dioxide-free water R and dilute to
25 mL with the same solvent. Add 0.1 mL of methylred
solution Rand 0.2 mL of 0.01 M hydrorhlori< acid.
The solution is red. Not more than 0.4 mL of 0.01 M sodium
hydroxide is required to change the colour of the indicator to
yellow.

Related substances
Liquid chromatography (2.2.29). Prepare the solurions
immediatelY before use. .
Test sdution Dissolve 50.0 mg of the substance to be
examined in waterRand dilute to 50.0 mL with the same
solvent.
Referenusolution (a) Dilute 5.0 mL of the test solution to
100.0 mL with waterR. Dilute 2.0 mL of this solution to
100.0 mL with waterR.
Reference solution (b) Dissolve 5.0 mg of oxymetazoline
impun"ty A CRS and 5 mg of the substance to he examined in
waterR and dilute to 50.0 mL with the same solvent. Dilute
10.0 mL of the solution to 50.0 mL with waterR.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 20.0 mL with waterR.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- "ar",nary phase: end-copped ocradecylsi!Yl silica gelfor

chromatography with embedded polargroups R (5 urn).

Mobile phase:
- mobile phase A: 1.36 WI. solution ofparossium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acid R;
- mobil< phaseB: aatonirriJe for chromatography R;

Tim, Mobile pbo.seA MobUe phase B
(mln) (percent fIJI) (per cent fIJI)

0-5 10 3.
5·20 70 -+ 15 30 --+ 85

20·35 15 85

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 220 nm.

Injection 10 ut,

Relativeretention With referenceto oxymetazoline (retention
time = about 5.0 min): impurity A = about 0.9.

2022

System suitability Reference solution (b):
- resolution: minimum4.0 between the peaks due to

impurity A and oxymetazoline.

Limits:
- impun'ty A: not more than 1.5 rimes the areaof the

corresponding peak in the chromatogram obtained with
reference solution (c) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
areaof the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- rotal: not more than 5 times the areaof the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the areaof the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Water
(2.5.32): maximum 0.3 pet cent, determined on 1.00 g .

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 20 mL of acetic anhydni1e R
and 20 mL of anhydrous acetic acid R. Titrate with 0.1 M
perchlori< acid, determining the end-point potentiometrically
(2.2.2{/).

I mL of 0.1 M perchlonc arid is equivalent to 29.68 mg of
C,oHz,CINzO.

IMPURITIES
Specified impu';u.s A.
Otherdetectable impUlities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by the general acuprana
ctitetion for other/unspecified impurities and/or hy the general
monograph Substances forpharmaceutical use (2034). I, is
therefore not neussary to identify these impun"ties for
demonstration of compliance. See also 5.10. Control of impu,;ti<s
insubstances for pham.aceulkal use) B, C, D, E.

CH3 OH

H'CWC", fNH'H,C 0

#' ~
CH,

A. N-(2-aminoethyl)-2-[4-(I, l-dimethylethyl)-3-hydroxy-2,6­
dimethylphenyl]acetantide,

B. 2-[[4-( I, l-dimethylethyl)-2,6-<1imethylphenyl]methyl]-4,5­
dihydro-IH-imidazole (xylometazoline),

CH3 OH

H'Cf¢ctCH,H,c I 0

#' NH,
CH,

C. 2-[4-(1, l-dimethylethyl)-3-hydroxy-2,6­
dimethylphenyl)acetantide,
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15151-48-6

z

CONH,

OH

958.9

STORAGE
Oxymetholone should be kept free from contact with ferrous
metals and protectedfrom light.

Oxytetracycline Calcium

(C 22H" N, O,h Ca

Action and use
Tetracycline .antibacterial,

DEFINITION
Oxytetracycline Calciumis the calcium salt of
(4S,4aR, 5S,5aR,6S,12aS)-4-dimethylamino-
I,4,4a,5,5a,6,II, 12a-octahydro-3,5,6, I0,12,12a-hexahydroxy­
6-methyl-l,ll-dioxonaphthacene-2-carboxamide, a substance
produced by the growth of certain strains of Streptomyces
rimosus or obtained by any other means. It containsnot less
than 94.5% and not more than 102.0% of

434-07-1

Me~e
......' --'""'OH

332.5

CH3 OH

H3C~H3
H,C I

"" CN

CH,

CH3 QH

H3C~'"CH3

H3C I
"" Co,H

Cf<,

o

D. 2-[4-(1, l-dimethylethyl)-3-hydroxy-2,6­
dimethylphenyl]acetic acid,

E. 2-[4-(I,I-dimethylethyl)-3-hydroxy-2,6­
d imethylphenyl] acetonitrile.

Oxymetholone

Action and use
Anabolicsteroid; androgen.

Preparation
Oxymetholone Tablets

D. Complies with the (est for identification of steroids,
Appendix III A, using impregnating solvent II and mobile
phase D.

TESTS
Melting point
175' to 180', Appendix V A.

Specific optical rotation
In a 2% wlv solution in 1,4..Jioxan, +34 to +38, calculated
withreference to me dried substance, Appendix V F.

Related substances
Carry out the method for thin-layer chromatography,
Appendix ill A, using silica gelG as the coating substance
and a mixture of 98 volumes of toluene and 2 volumes of
absolute ethanol as the mobilephase.Apply separately to the
plate 10 ilL of each of two solutions of the substance being
examined in a mixture of equal volumes of chloroform and
ethanol (96%) containing (I) 1.0% wlv and (2) 0.0050% wlv.

___________________ Ph Ell After removal of the plate, allow it (Q dry in air and spray

withuanillin-ethanolic sulfun"c acid reagent. Any secondary spot
in the chromatogram obtained with solution (I) is not more
intense than the spot in the chromatogram obtainedwith
solution (2) (0.5%).

Loss on drying
Whendried to constant weightat 105°, loses not morethan
0.5% of its weight. Use I g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 0.1 g in sufficient O.OIM ethanolic sodium hydroxide
to produce 200 mL, dilute 5 mL to 250 mL with
O.OIM ethanolic sodium hydroxide and measure the absorbance
of the resulting solution at the maximum at 315 nm,
Appendix II B. Calculate the content of C2.H3, 0 3 taking
547 as the value of A(l %, 1 em) at themaximwn at
315 om.

DEFINITION
Oxymetholone is 17~-hydroxy-2-hydroxymethylene-17"­

methyl-Sc-androstan-Svone. It contains not less than 97.0%
and not more than 103.0% of C2 IH3203, calculated with
reference to the driedsubstance.

ClUUlACTERISTICS
A white to creamy white crystalline powder. It exhibits
polymorphism.

Practically insoluble in water; soluble in ethanol (96%);
slightly soluble in ether.

IDENTIFICATION
A. The light absorption, Appendix IT B, in the range 230 to
350 run of a 0.002% wlv solution in O.OIM ethano/ic sodium
hydroxide exhibits a maximum only at 315 nm.
The absorbance at 315 run is about 1.1.
B. The lightabsorption, Appendix IT B, in the range 230 to
350 om of a 0.003% wlv solution in O.OIM ethandic
hydrochloric acidexhibits a maximum only at 277 run.
The absorbance at 277 nm is about 1.0.
C. The infrared absorption spectrum, Appendix IT A, is
concordant with the reference spectrum of oxymetholone
(RS 256). If the spectra are not concordant, dissolve the
substance in the minimum of chlorofonn, evaporate to
dryness, dry the residue overphosphorus pentoside at: a
pressure not exceeding 0.7 kPa and prepare a new spectrum,
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(C22H23N20ghCa, calculated with reference to the
anhydrous substance.

CHARACTERISTICS
A pale yellow to greenish fawn, crystalline powder.
Practically insoluble in water; soluble in dilute acids.
It dissolves slowly in 51\1 ammonia.

IDENTIFICATION
A. Carry out the method for thin-layer chromarography,
Appendix III A, using the following solutions in
O.OIM methanol;'; hydrochkJric acid.
(I) 0.05% wlv of the substance being examined.

(2) 0.05% wlv of oxytetracydine BPCRS.
(3) 0.05% wlv of each of oxyletracycline BPCRS and
demedocydine hydrochloride BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a si,",a gelprecoated plate (Merck silica gel 60 plates
aresuitable). Adjust the pH of a 10%wlv solution of
disodium edetale 10 7.0 with 10Msodium hydroxide and spray
the solution evenlyonto the plate (about 10 rnLfor a plate
100 mm x 200 mm). Allow the plate 10 dry in a horizontal
position for at least 1 hour. Before use, dry the plate at 1100

for 1 hour.
(b) Use the mobile phase as described below.

(c) Apply I ~L of each solution.

(d) Develop the plate 10 IS cm.

(e) After removal of the plate,dry it ina current of air and
examine under ullravWIet lighl (365 nm).

MOBILE PHASE

6 volumes of wattr, 35 volumes of methanol and 59 volumes
of dichloromethane.

SYSTEM SUiTABIUTY

The test is not valid unless the chromatogram obtained with
solution (3) shows two clearly separated spots.

CONFIRMATION

The principal spot in the chromatogram obtainedwith
solution (1) corresponds in position, colour and size to that
in the chromatogram obtained with solution (2).

B. To 2 mg add 5 mL of sulfuric acid; a deep red colour is
produced. Add the solution to 2.5 mL of water; the colour
changes to yellow.
C. Yieldsreaction B characteristic of calcium salts,
Appendix VI.

TESTS
Acidity or alkalinity
pH ofa 2.5% wlv suspension, 6.0 10 7.5, Appendix V L.

Light absorption
Absorbance of a 0.002% wlv solution in O.1M chloride buffer
pH 2.0 at the maximum at 353 om, 0.56 10 0.61, calculated
with reference to the anhydrous substance, Appendix IT B.

Specific optical rotation
In a 1% wlv solution in O.1M hydrochloric acid, -194 to -210,
calculated with reference to the anhydrous substance,
Appendix V F. Allow the solution to stand protected from
light for 30 minutesbeforemeasurement.

Light-absorbing Impurities
A. Dissolve 0.2 g in 6 mL of 1Mhydrochloric acid and add
sufficient mahanol to produce 100 rnL The absorban" at
430 nm, when measured within 1 hourof preparing the
solution, is not more than0.30, calculated withreference to
the anhydrous substance, Appendix n B.

2022

B. Dissolve I g in 6 mL of I Mhydrochloric acidand add
sufficient methanol to produce 100 mL The absorbance at
490 run,when measured within I hourof preparing the
solution, is not more than 0.20, calculated withreference to
the anhydrous substance, Appendix II B.

Calcium
3.90 to 4.30%, calculated withreference to the anhydrous
substance,when determined by the foUowing method.
Transfer about I g, accurately weighed, to a Kjeldahl flask,
cautiously add 10 mL of nitne acid and mix. Allow to stand
for 5 minutes, add a glassbead and heat on a water bath for
5 minutes. Removefrom the water bath, cautiously add
5 mL of 9M perch/oric acidand heal, adding further 5 mL
quantities of the perchloric acid at intervals until the liquidis
almost colourless. Add 0.1 mL of nitn·c add and allow any
further reaction to subside. Do not allow the volumeof the
liquid in the flask to be reduced below 3 mL at any stage in
the oxidation. Wash the walls of the flask with 40 mL of
water, coUecting the washings in the flask, and boil for 3 to

4 minutes to expel chlorine. Cool, transfer the contentsof
the flask to a conical flask with the aid of waterand dilute to
about 200 mL with wale,. Adjust to pH 9 with 5M sodium
hydroxide and then add 100 mL of waler followed by 12 mL
of 10Msodium hydroxide and mix. Add about 15 mg of
calconcarboxylic acid tn·wrate and titrate with0.05M disodium
edetate VS until the colour changes from violet to full blue.
Each mL of 0.05M disodium edetate VS is equivalent to
2.004 mg of Ca.

Related substances
Carry oUI the method for liquid chromatography,
Appendixill D, using the following solutions in a mixture of
20 volumes of aceranilrile and 80 volumes ofO.OIM oxalic
acid (solventA). Prepare thesolutions immediately before use.
(I) 0.008% wlv of the substance being examined.

(2) Dilute 1 volume of solution (I) to 100 volumes.

(3) 0.08% wlv of oxytetracycline for system suirabilisy
AEPCRS.
(4) Dilute I volume of solution (2) to 10 volumes.

CHROAtATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (15 cm x 4.6 mm) packed
with end-eapped oaylsilylsi!;,;a gelfor chromatography (5 pm)
(Intertsil C8 is suitable).

(b) Use gradient elution and the mobile phase described
below.

(e) Use a flow rate of 1.3 mL per minute.
(d) Use a column temperature of 50°.

(e) Use a detection wavelength of 254 nm.

(I) Inject 10 ~L of each solution.

MOBILE PHASE

Mobile phaseA 0.p5% vlv lrifluoroacelic acid.
Mobile phaseB 5 volumes of letrahydrofuran, 15 volumes of
methanol and 80 volumes of acetonitrile.

Time (Minutes) MobUe phase A Mobile phase B Comment
CO/.v/v) ("AO .Iv)

0-5 90 10 tsccratc

5-20 90_65 10_35 lineargradient

20-21 65-90 35_10 linear gradient

21-27 90 10 re-eqailibration

When the chromatograms are recorded under the prescribed
conditions, the relative retentions with reference to
oxytetracycline (retention time about 7 minutes) are:
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PhEu ~ _

IMPURITIES
The impurities limited by the requirements of this
monograph include those listed under Oxytetracycline
Dihydrate.

6153-64-6496.4C"H,.,N,O.,2H20

(Ph. Bur. monograph 0199)

Action and use
Tetracycline antibacterial.

Preparation
Oxytetracycline Tablets

Oxytetracycline Dihydrate

IDENTIFICATION
First identification: B, C, D.

Second identification: A, C, D.
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.
Reference solution (a) Dissolve 5 mg of oxyte"acycline CRS in
methanol R and dilute to 10 mL withthe same solvent.
Reference solution (b) Dissolve 5 mg of oxyte"acycline CRS,
5 mg of teoacydinehydrochloride Rand 5 mg of minrxycline
hydrochloride R in methanol R and dilute to 10 rnL with the
same solvent.
Plate TLC rxtadecylsilyl silica gel F'54 plate R.
Mobile phase i\tlix 20 volumes of acetonitrile R, 20 volumes
of methanol Rand 60 volumes of a 63 gIL solution of oxalic
acid R previously adjusted to pH 2 withconcentrated
ammonia R.

Application I ~L.

Development Over 3/4 of the plate.
Drying In air.

Detection Examine in ultraviolet lightat 254 nm.

DEFINITION
(4S,4aR,5S,5aR,6S, I2aS)-4-(Dimethylamino)­
3,5,6,10,12,12a-hexahydroxy-6-methyl-I,II-dioxo-
1,4,4aJ5,5a,6,11,12a-octahydrotetracene-2-carboxamide
dihydrate.

Substance producedby the growth of certain strains of
Streptomyces rimosus.

Content
94.5 per cent '0 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Yellow, crystalline powder, slightly hygroscopic.

Solubility
Very slightly soluble in water. It dissolves in dilute acid and
alkaline solutions.

impurity A, about 0.9; impurity B, about 1.2; impurity C,
about 1.3; impurity D, about 1.4; impurity E, about 2.2;
impurity F, about 2.3.

SYSTEM SUiTABILiTY

The test is not valid unless, in the chromatogram obtained
with solution (3), the peak-to-valfey ratio is at least 3.0, where
Hp is me heightabove the baseline of the peak due to
impurity A and Hv is the heightabove the baseline of the
lowestpoint of the curve separating this peakfrom the peak
due to oxytetracycline.
The test is not valid unless, in the chromatogram obtained
with solution (3), thepeak-w-valleyratio is at least 3.0, where
Hp is the heightabove the baseline of the peakdue to
impurity Band He is the heightabovethe baseline of the
lowest pointof the curveseparating thispeakfrom the peak
due to oxytetracycline.

LIMITS

Identify anypeak corresponding to impurities A, B, C, D, E
and F in the chromatogram obtained withsolution (I), using
the chromatogram obtained with solution (3). Multiply the
areas of the peaks due to Impurity D and E by a correction
factor of 0.4.

In the chromatogram obtained with solution (I):

the area of anypeak corresponding to impurity A is not
greater than half the area of me principal peakin the
chromatogram obtained with solution (2) (0.5%);
the area of any peak corresponding to impurity B is not
greater than the area of the principal peakin the
chromatogram obtained ~ith solution (2) (1.0%);
the area of anypeakcorresponding to impurity C is not
greater than twice the area of the principal peak in the
chromatogram obtained with solution (2) (2.0%);

the area of any oilier secondary peak is not greater man twice
the area of the principal peak in me chromatogram obtained
with solution (4) (0.2%);

the sum of the areas of aU theserondQry peaks is not greater
than3.5 times me area of the principal peakin the
chromatogram obtained with solution (2) (3.5%).

Disregard anypeakwith an area less man the area of the
principal peakin the chromatogram obtained wuh solution
(4) (0.10%).

Water
Not more than 15.0% w/w. Appendix IX C. Use 0.15 g.

ASSAY
Carry out the method for liquidchromawgraphy,
Appendix ill D, using the following solutions in a mixture of
20 volumes of acewnitrile and 80 volumes of 0.01'" oxalic acid
(solvent A). Prepare the solutions immediately before use.
(I) 0.008% w/v of the substance being examined.

(2) 0.008% wlv of oxytel~ine BPCRS.

CHROMATOGRAPHIC CONDITIONS

The chromatographic conditions stated under Related
substances may be used.

DETERJ.\UNATION OF CONTENT

Calculate the content of (C22H"N,O.),Ca using the
declared contentof C22H2~209 in oxytetracycline BPCRS.
Each mg of C22H,.,N,O. is equivalent to 1.041 mg of
(C22H"N,O.),Ca.

STORAGE
Oxytetracycline Calcium should be protected from light and
scored at a temperature of 2° to 8°.
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F/Q'w rare 1.3 m1Jmin.
Detection Spectrophotometer at 254 run.
Injection 10 tJL of test solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with oxytetracycline for system suicability A CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaks due to impurities A) B) C) D and E.
Relativeretention With reference to oxytetracycline
(retention time =about 6.5 min): impurity A =about 0.9;
impurity B =about 1.2; impurity C =about 1.3j
impurity D =about 1.4; impurity E =about 2.2.

Systemsuitability Reference solution (c):
- peak-UJ-fJalley ratio: minimum 3.0) where Hp =height

above the baselineof me peak due to impurity A and
H", = height above me baseline of me lowest point of the
curve separating thispeakfrom the peakdue to
oxytetracycline; minimum 3.0, where Hp =: height above
the baselineof the peakdue to impurity Band
flo = height above me baseline of the lowestpoint of me
curve separating thispeakfrom the peak due to

oxytetracycline.

Calculation of percentage conunts:
- cotreaion factors: multiply me peakareas of the following

impurities by the corresponding correction factor:
impurity D =0.4; impurity E =0.4;

- for each impurity, use the concentration of oxytetracycline
dihydrate in reference solution (b).

Limits:
- impun'ty c: maximum 2.0 percent;
- impurityB: maximum 1.0 per cent;
- impun'ty A: maximum 0.7 per cent;
- impuniies D) E: foreach impurity) maximum 0.2 per cent;
- any other impuniy: for each impurity) maximum

0.1 per cent;
- rota!: maximum 3.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
6.0 per cent to 9.0 per cent) determined on 0.250 g.

Sulfated ash (2A.I</)
Maximum 0.2 per cent) determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as descnbed in the test for
relatedsubstanceswith the following modification.
bijection Test solution (b) and reference solution (a).
Calculate the percentage contentof C2zH2~209 taking into
account the assigned contentof oxytetracycline CRS.

STORAGE
In an airtight container) protected from light.

IMPURITIES
Spedfied impuruies A, B, C, D, E.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimited by the general accepultlu
criterion for other/unspecified impun·ties. It is therefore not
necessary UJ identify these impuruies for demonstration of

11-516 Oxytetracycline Dihydrate

System suitability The chromatogram obtained with
reference solution (b) shows 3 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with test solution (b) is similar in retention time and size to

the principal peakin the chromatogram obtained with
reference solution (a).

C. To about 2 mg add 5 mL of sulfuric acidR. A deep red
colourdevelops. Add the solution to 2.5 mL of waterR.
The colour becomes yellow.
D. Water (see Tests).

TESTS
pH (2.2.3)
4.5 to 7.5.

Suspend 0.1 gin 10 mL of carbon dioxide-free water R.

Light-absorblng impurities
Carryout the measurements within 1 h ofpreparing thesolutions.
Dissolve 20.0 mg in a mixture of 1 volumeof a 103 gIL
solution of hydrochloric acid Rand 99 volumes of methanol R
and dilute to 10.0 mL with the same mixture of solvents.
The absorbance (2.2.25) determined at 430 nm has a
maximum of 0.25 (anhydrous substance).

Dissolve 0.100 g in a mixrure of I volume ofa 103 gIL
solution of hydrochloric acid Rand 99 volumes of methanol R
and dilute to 10.0 mL with the same mixture of solvents.
The absorbance (2.2.25) determined at 490 nm has a
maximum of 0.20 (anhydrous substance).

Related substances
Liquid chromatography (2.2.29). fupare the solutions
immediately before use.
Test so/utian (a) Dissolve 20.0 mg of the substance to be
examined in a I gIL solution of hydrochloric acidR and dilute
to 25.0 mL with the same solution.
Test solution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with a I gIL solution of hydrochloric acid R.
Reference SolUlion (a) Dissolve 20.0 mg of
oxytetracycline CRS in a I gIL solution of hydrochloric add R
and dilute to 25.0 mL with the same acid. Dilute 5.0 mL of
the solution to 50.0 mL with a I gIL solution of hydrochloric
acid R.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with a I gIL solution of hydrochloric acid R.
Reference solution (c) Dissolve 4.0 mg of oxytetra<ydine for
system suirability A CRS (containing impurities A) B) C) D
and E) in a I gIL solution of hydrochloric acidR and dilute to
5.0 mLwith the same solution.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- scationary phase: end-capped octy/si/y/ silica gelfor

chromatography R (5 um);
- cemperature: 50 °C.
Mobile phase:
- mobile phaseA: 0.05 per cent VIV solution of <rif/uoroamic

acidR;
- mobile phaseB: tetrahydrofumn for chromatography R,

methanol RI, acetonitrile RI (5:15:80 VIVIV);

Time
(min)

0-5

5 - 20

Mobile phase A
(per cent V/JI)

90

90 -> 65

2022

Mobile phase B
(per cent V/JI)

10

10 ~ 35
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compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) F.

A. (4R,4aR,5S,5aR,6S,12aSj-4-(dimethylamino)­
3,5,6, I0,12, 12a-heKahydroxy-6-methyl-l, l l-dioxo-
1,4,4a,5,53,6, 11,12a-octahydroletracene-2-carboxamide
(4-epioxytetracycline),

Oxytetracycline Hydrochloride
(Ph. Eur. monograph 0198)

496.9

**** ** ** ****

2058-46-0

B. (4S,4aS,5aS,6S, 12aSj-4-(dimethylamino)-3,6, I0, 12,12a­
pentahydroxy-6-methyl-l,11-dioxo-I,4,4a,5,5a,6,11,12a­
oetahydrotetracene-2-carboxamide (tetracycline),

C. (4S,4aR,5S,5aR,6S.12aSj-2-acetyl-4-(dimethylamino)­
3,5,6, I0,12,12a-heKahydroxy-6-methyl-4a,5a,6,12a­
tetrahydroterracene-Lf I (4H,5H)-<tione (2-acetyl-2­
decarbamoyloxytetracycline),

D. (3S,4S,5Sj-4-[(IR)-4,5-<tihydroxy-9-methyl-3-oxo-I,3­
dihydronaphtho[2,3-c]furan-I-yl)-3-(dimethylamino)-2,5­
dihydroxy-6-oxocyclohex-l-ene-I-carboxamide,

o 0
o H OH

0 ...· NH2

E. (3S,4S,5R)-4-[(IR)-4,5-<tihydroxy-9-methyl-3-oxo-I,3-
, dihydronaphtho[2,3-c]furan-I-yl]-3-(dimethylamino)-2,5-

dihydroxy-6-oxocyclohex-l-ene-l-carboxamide,

~
OH OH 00HO 0

,,? I "" H I NH,

,.# OH
! i

CH3 H OHH ,N-CH3
H,C

F. (4S,4aR,5R,12aSj-4-(dimethylamino)-3,5,10,11,12a­
pen tahydroxy-6-methyl-l,12-<tioxo-1,4,4a,5,12,12a­
heKahydco'etracene-2-earboKamide (anhydro­
oxytetracycline).

_______~ PIIE'"

Action and use
Tetracycline antibacterial.

Preparations
Oxytetracycline Capsules
Oxytetracycline Cutaneous Spray

PIlE" _

DEFINITION
(4S,4aR,5S,5aR,6S,12aSj-4-(Dimethylamino)­
3,5,6, I0, 12,12a-hexahydroxy-6-methyl-l,Ll-dioxo-
1,4AaJ5J 5aJ6J11,12a-octahydrotetracene-2-carboxamide
hydrochloride.

Substance produced by the growth of certain strains of
Streptomyces rimosus,

Content
94.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Yellow,crystalline powder, hygroscopic.

Solnbility
Freelysolublein water, sparingly soluble in ethanol
(96 per cent). Solutions in water become turbid on standing,
owing to the precipitation of oxytetracycline.

IDENTIFICATION
First identification: B, C, D.
Secondidentification: A, C, D.

A. Thin-layer chromatography (2.2.27).

Test sohnion Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.
Reference solution (aJ Dissolve 5 mg of oxytetracycline
hydrochloride CRS in methanol Rand dilute '0 10 mL with the
same solvent.
Reference solution (b) Dissolve 5 mg of oxytetracycline
hydrochloride CRS, 5 mg of tetracycline hydrochloride Rand
5 mg of minocycline hydrochloride R in methanol R and dilute
to 10 mL with the same solvent.
Plate TLC octadecylsilyl silica gelF2S4 plate R.

Mobae phase Mix 20 volumes of acetonitrile R, 20 volumes
of methanol Rand 60 volumes of a 63 gIL solution of oxalic
acid R previously adjusted to pH 2 with concentrated
ammonia R.
Application I~.

Development Over 3/4 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 om.
System suiUlbiJity The chromatogram obtainedwith
reference solution (b) shows 3 clearly separated spots.
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STORAGE
In an airtight container, protected from light. If the substance
is sterile, store in a sterile, airtight, tamper-evident container.

Flow rate 1.3 mUmin.
Detection Spectrophotometer at 254 run.

Injection 10 J1L of test solution (a) and reference
solutions (b) and (c).

ldentificau"Qn of impun"c;es Use the chromatogram supplied
with oxytetracycline for system suitability A CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaksdue to impurities A, B, C, D, E and F.

Relativeretention With reference to oxytetracycline
(retention time :::: about 6.5 min): impurity A :::: about 0.9j
impurity B :::: about 1.2j impurity C :::: about 1.3j
impurity D = about 1.4j impurity E :::: about 2.2;
impurity F = about 2.3.

System suitability Reference solution (c):
- peak-w-valleyratio: minimum 3.0, where Hp :::: height

above the baselineof the peakdue to impurity A and
Hv :::: height above the baseline of the lowest point of the
curveseparating this peakfrom the peakdue to
oxytetracycline; minimwn 3.0, where Hp :::: heightabove
the baselineof the peakdue to impurity Band
Hf} :::: height above the baseline of the lowest point of the
curve separating this peakfrom the peakdue to
oxytetracycline.

Calculation of percentage contents:
- correction factor: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity 0 = 0.4; impurity E = 0.4;

- for each impurity, use the concentration of oxytetracycline
hydrochloride in reference solution (b).

Limits:
- impurity C: maximum 2.0 per cent;
- impun"ty B: maximum 1.0 per cent;
- impurity A: maximum 0.5 per cent;
- impurities D, E: for each impurity, maximum 0.2 per cent;
- sum of impun'ties D, E and F: maximum 1.0 per cent;
- any other impurity: maximwn 0.1 per cent;
- lOud: maximwn 3.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

Bacterial endotoxins (2.6.14)
Less than 0.4 IV/mg, if intendedfor use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins,

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
InjutWn Test solution (b) and reference solution (a).
Calculate the percentage content of C22H25ClN209 taking
into account the assigned content of oxyretraeydine CRS and
a conversion factor of 1.079.

II-SI8 Oxytetracycline Hydrochloride

Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

B. Examine the chromatograms obtained in the test for
relatedsubstances.
Results The principal peakin the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peakin the chromatogram obtained with
reference solution (a).
e. To about 2 mg add 5 mL of sulfuric acidR. A deep red
colour develops. Add the solution to 2.5 mLof water R.
The colour becomes yellow.

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
pH (2.2.3)
2.3 to 2.9.

Dissolve 0.1 gin 10 mL of carban dioxide-free waW R.

LIght-absorbing impurities
Cany out the measurements within 1 h of preparing thesolutions.

Dissolve 20.0 mg in a mixture of I volume of a 103 gIL
solution of hydrodJloric acidR and 99 volumes of methanol R
and dilute to 10.0 mL with the same mixture of solvents.
The absorbance (2.2.25), determined at 430 nm has a
maximum of 050 (anhydrous substance).

Dissolve 0.100 g in a mixture of I volume of a 103 gIL
solution of hydrochloric acidRand 99 volumes of methanol R
and dilute to 10.0 mLwith the same mixture of solvents.
The absorbance (2.2.25) determined at 490 am has a
maximum of 0.20 (anhydrous substance).

Related substances
liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution (a) Dissolve 20.0 mg of me substance to he
examined in a 1 gILsolution of hydrochloric add R and dilute
to 25.0 mL with the same solution.
Test solution (b) Dilute 5.0 mL of test solution (a) ro
50.0 mL with a I gIL solution of hydrochloric acidR.

Reference solution (a) Dissolve 20.0 mg of
oxytetracycline CRS in a 1 gIL solution of hydrochloric acidR
and dilute to 25.0 mL with the same acid. Dilute 5.0 mL of
the solution to 50.0 mL with a I gIL solution of hydrochloric
acidR.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL in a I gIL solution of hydrochloric acidR.
Reference solution (c) Dissolve 4.0 mg of oxytetracycline for
system suitability A CRS (containing impurities A, BJ C, D, E
and F) in a 1 gIL solution of hydrochloric acid R and dilute to
5.0 mL with the same solution.
Column:
- size: I:::;; 0.15 m, 0 = 4.6 mm;
- stationary phose: end-eapped octy/silyl si1i<a gelfor

chromatography R (5 pm),
- temperature: 50 "C.

Mobilephose:
- mobile phoseA: 0.05 per cent VIV solution of trifluoroacetic

acid R;
- mobile phoseB: tetrahydrofuran for chromatagraphy R,

methanol RI, acewnitrile Rl (5:15:80 VIVIV);

Time
(min)

0-5

5 - 20

Moblle phase A
(per cent VIJI)

90

90 ---> 65

2022

MobUe phase 8
(per cent VIV)

10

10 --> 35
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IMPURITffiS
Specified impuruies A, B, C, D, E, F.

A. (4R,4aR,5S,5aR,6S,12aS)-4-(dimethylamino)­
3,S,6,lO,12,12a-hexahydDOxy-6-nnetnyl-l,11-d[oxo­
1,4,4a,5,5a,6,1 I,I2a-Qctahydrotetracene-2-carboxamide
(4-epioxytetracycline),

Oxytocin II-519

F. (4S,4aR,5R, 12aS)-4-(dimethylamino)-3,5,10,11,12a­
pemahydroxy-6-methyl-l, 12-dioxo-l ,4,43,5, 12, 12a­
hexahydrotettacene-2-carboxamide (anhydro­
oxytetracycline).

_~ ~PIlE/I

Oxytocin
(Ph. Bur. monograph 0780)

H- c;ls-Tyr-lie-Gln - Asn-C}s -pro-leu-GIy-NH2

1007 5Q.56-6

B. (4S,4aS,5aS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a­
pentahydroxy-6-merhyl-I,Il-dioxo-l ,4,4a,5,53,6, 11,I 2a­
oetahydrotetracene-2-earboxamide (tetracycline),

C. (4S,4aR,5S,5aR,6S,12aS)-2-acetyl-4-(dimethylamino)­
3,5,6,1 0, 12,12a-hexahydroxy-6-melhyl-4a,53,6,12a­
tetrahydrotetracene-I,II (4H,5H)-dione (2-acetyl-2­
decarbamoyloxytetracycline),

D. (3S,4S,5S)-4-[(IR)-4,5-dihydroay-9-methyl-3-oxo-I,3­
dihydronaphtho[2,3-e]furan-I-yl]-3-(dimethylamino)-2,5­
dihydroxy-6-oxocycIohex-l-ene-l-earboxamide,

E. (3S,4S,5R)-4-[( I R)-4,5-dihydroay-9-methyl-3-oxo-1 ,3­
dihydronaphtho [2,3-e] furan-I-yl]-3-(dime thylamino)-2,5­
dihydroxy-6-oxocyclohex-l-ene-l-carboxamide,

Action and use
Oxytocic.

Preparations
Ergometrine and Oxytocin Injection

Oxytocin Injection

PIlE/I _~ _

DEFINITION
L-Cysteinyl-L-tyrosyl-L-iso!eucyl-L-g1utamyl-L-asparaginyl-L­
cysteinyl-L-prolyl-L-Ieucylglycinamide cyclic (l-+6)-disulfide.

Synthetic cyclic nonapeptide having the structure of the
hormone produced by the posterior lobe of the pituitary
gland that stimulates contraction of the uterus and milk
ejection in receptive mammals. It is available in the freeze­
dried Conn as an acetate.

Content
93.0 per cent to 102.0 per cent (anhydrous and acetic acid­
free substance).

By convention, for the purpose of labelling oxytocin
preparations, 1 mg of oxytocin peptide (C43H6~12012S2) is
equivalent to 600 ill of biological activity.

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Very soluble in water. It dissolves in dilute solutions of acetic
acid and of ethanol (96 per cent).

IDENTIFICATION
A. Examine me chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtained with the
reference solution.

B. Amino acid analysis (2.2.56). For hydrolysis use Method I
and for analysis use Method 1.

Express the content of each amino acid in moles. Calculate
the relative proportions of the amino acids, taking 1/6 of the
sum of the number of moles of aspartic acid, glutamic acid,
proline, glycine, isoleucine and leucine as equal to 1.
The values fall within the following limits: aspartic acid:
0.90 ro 1.10; glutamic acid: 0.90 to 1.10; proline: 0.90 to
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II-520 Oxytocin

1.10; glycine: 0.90 to 1.10; leucine: 0.90 to 1.10; isoleucine:
0.90 to 1.10; tyrosine: 0.7 to 1.05; half-cystine: 1.4 to 2.1.
Not more than traces of other amino acids are present.

TESTS
pH (2.2.3)
3.0 to 6.0.

Dissolve 0.200 g in carbon dioxide-ftu waw R and dilute to
10.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Prepare a 0.25 mglmL solution of the
substance to be examined in a 15.6 gIL solution of sodium
dihydrogen phosphat< R.
Resolution sohuion Dissolve me contents of a vial of
oxytodnldesmopressin validation mixtureCRS in 1 mL of a
15.6 gIL solution of sodium dihydrogen phosphat< R.
CoInmn:
- size: 1= 0.125 m, 0 =4.6 mm;
- stationary phase: oetad«y/si/yl silica gelfor chromatography R

(5 urn).

Mobile phase:
- mobile phaseA: 15.6 gIL solution of sodium dihydrogen

phosphate R;
- mobile phase B: acetonitrile for chromatography R, warer R

(50:50 VIII);

2022

Reference so/utum Dissolve the contents of a vial of
oxytocin CRS in a 15.6 gIL solution of sodium dihydrogen
phosphate R to obtain a concentration of 0.25 mglmL.

Injection 25 ~L.

Calculate the content of oxytocin (C.I3H6~12012S2) from
the declared content of C43H6~12012S2 in oxytocin CRS.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8 °C. If the substance is sterile, store
in a sterile, airtight, tamper-evident container.

LABELLING
The label states the oxytocin peptide content
(C"H••N 120I2S,).
___________________ P116r

Oxytocin Concentrated Solution
Oxytocin Bulk Solution

(Ph. Enr. monograph 0779)

H-C~- Tyr -11e-Gln-Asn -c}s-Pro -Leu- Gly· N~

C.,HooNI20 ,,s2 1007

Time
(mln)

0-30

30 - 30.1

30.1 -45

MobUe phase A
(per cent VIl1

70 40

40 70

70

Mobile phase B
(per cent VJ1I)

30 ..... 60

60 -> 30

30

Action and use
Oxytocic.

Preparations
Ergometrine and Oxytocin Injection

Oxytocin Injection

Flow rat< 1 mUmin.
Detection Spectrophotometer at 220 nm.

Injection 50 1'1-.
Retention rime Oxytocin =about 7.5 min;
deamopressin =about 10 min.

Systemsuitability Resolution solution:
- resolution: minimum 5.0 between the peaks due to

desmopressin and oxytocin.

Li'mits:
- any impurior. maximum 1.5 per cent;
- total: maximum 5 per cent;
- disregard limlr. 0.1 per cent.

Acetic acid (2.5.34)
6.0 per cent to 10.0 per cent.

Test solution Dissolve 15.0 mg of the substance to be
examined in a mixture of 5 volumes of mobile phase B and
95 volumes of mobile phase A and dilute to 10.0 rnL with
the same mixture of mobile phases.

Water (2.5.12)
Maximum 5.0 per cent, determined on at least 50 mg.

Bacterial endotoxlns (2.6.14)
Less than 300 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with. the following modifications.

PIlE,; _

DEFINITION
L-Cysteinyl-L-tyrosyl-L-isoleucyl-L-g1utamyl-L-asparaginyl-L­
cysteinyl-L-prolyl-L-Ieucylglycinamide cyclic (I~6)-disu1lide.

Solution of oxytocin, a synthetic cyclic nonapeptide having
the structure of the hormone produced by the posterior lobe
of the pituitary gland that stimulates contraction of the uterus
and milk ejection in receptive mammals. It is available as a
solution with a stated concentration of not less than 0.25 mg
of oxytocin per millilitre, in a solvent that may contain an
appropriate antimicrobial preservative.

Content
95.0 per cent to 105.0 per cent of the amount of the peptide
stated per millilitre.

By convention, for the purpose of labelling oxytocin
preparations, 1 mg of oxytocin peptide (C43H6~12012S2) is
equivalent to 600 ill of biological activity.

CHARACfERS
Appearance
Clear, colourless liquid.

IDENTIFICATION
A. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtained with the
reference solution.

B. Amino acid analysis (2.2.56). For hydrolysis use Method I
and for analysis use Method 1.

Express the content of each amino acid in moles. Calculate
the relative proportions of the amino acids taking 1/6 of the
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__~ PI> Ell

LABELUNG
The label states the oxytocin peptide Content in milligrams of
C.BH6~12012S2per millilitre.

**** ** ** ****

33069-62-4

.H

o

854

~
H'CI H-, OH

4 0 ..

HN \H H

yo 0 rI OH i HX
U ~OO CH,

o

(Ph. Eur. monograph 1794)

Paclitaxel

STORAGE
At a temperature of 2 °C to 8 °C, protected from light. If the
substance is sterile, store in a sterile, airtight, tamper-evident
container.

sum of the number of moles of aspartic acid, glutamic acid,
proline, glycine, isoleucine and leucine as equal to 1.
The values fall within the following limits: aspartic acid:
0.90 to 1.10; glutamic acid: 0.90 [01.10; proline: 0.90 to
1.10; glycine: 0.90 to 1.10; leucine: 0.90 [01.10; isoleucine:
0.90 to 1.10; tyrosine: 0.7 [0 1.05; half cystine: 1.4 [0 2.1.
Not more than traces of other amino acids are present.

TESTS
pH (2.2.3)
3.0 to 5.0.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solutien The preparation to be examined.

Resolution solution Dissolve the contents of a vial of
oxytocintdesmopressin validation mixture CRS in 1 mL of a
15.6 gIL solution of sodium dihydrogen phosphate R.
Column:
- size: 1= 0.125 m, 0 = 4.6 mm;
- stationary phase: oCladecy/si1y1 silica gelfor chromatograPhy R

(5 urn).

Mobilephase:
- mobile phaseA: 15.6 gIL solution of sodium dihydrogen

phosphate R;
- mobile phase B: acetonitrile for thromatography R, walerR

(50:50 VW);

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Reference solution Dissolve the contents of a vialof
oxytocin CRS in a 15.6 gIL solution of sodium dihydrogen
phosphate R to obtain a concentration of 0.25 mglmL.

Injection 25 ut,
Calculate the content of oxytocin (C43H6~12012S2) from
the declared content of C43H6~12012~ in oxytocin CRS.

Flow rat< I mUmin.
Detection Spectrophotometer at 220 run.
Injection 50 jd..

Retention time Oxytocin =about 7.5 min;
desmopressin =about 10 min.

System suiuzbility Resolution solution:
- resolution: minimum 5.0 between the peaks due to

desmopressin and oxytocin.

Limits:
- any impun"ty: maximum 1.5 per cent;
- total: maximum 5 per cent;
- disregard limit: 0.1 per cent.

Bacterial endotoxin. (2.6.14)
Less than 300 IU in me volwne that contains 1 mg of
oxytocin, if intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of bacterial endotoxins.

Time
(mln)

0-30

30 ~ 30.1

30.1 - 45

Mobile phase A
(per eem VJ1I)

70 40

40 70

70

Mobile phase B
(per cent JlI1?

30 60

60 30

30

Action and use
Taxane cytotoxic.

Pl>ElI _

DEFINITION
4,10Jl-Bis(acetyloxy)-I3a-[[(2R,35)-3-benzamido-2-hydmxy­
3-phenylpropanoyl]oxy)-I,7Jl-dihydroxy-9-oxo-5~,20­
epoxytax-Ll-en-zn-yl benzoate.

It is isolated from natural sources or produced by
fermentation or by a semi-synthetic process.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, soluble in methanol and freely
soluble in methylene chloride.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison paditaxelCRS.
If the spectra obtained in the soud state show differences,
dissolve 10 mg of the substance to be examined and the
reference substanceseparately in 0.4 mL of methylene
chloride RJ evaporate to dryness and record new spectra using
the residues.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodIf).

Dissolve 0.1 g in 10 mL of methanol R.

Specific optical rotation (2.2.7)
-55.0 [0 -49.0 (anhydrous substance).
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11-522 Paclitaxel

Dissolve 0.250 g in methanol R and dilute to 25.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29).

A. Paclitaxel isolated from natural sources or producedby
fermentation.
Testsolution (a) Dissolve 20.0 mg of the substance to he
examinedin acetonitrile Rl and dilute to 10.0 mL with the
same solvent.
Test solution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with acetonitrile RI.
Reference solution (a) Dilute 1.0 mL of test solution (a) (0

10.0 mL with acetonitrile Rl. Dilute 1.0 mL of this solution
to 100.0 mL with acetonitrile RI.

Reference solution (b) Dissolve 5.0 mg of paditaxelCRS in
acetonitrile Rl and dilute to 5.0 mL with the same solvent.
Dilute 2.0 mL of this solution to 20.0 mL with
acetonitrile Rl.
Reference solution (c) Dissolve 2.0 mg of paditaxel
impurity G GRS in acetonitrile RI and dilute to 20.0 mL with
me same solvent.
Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 50.0 mL with acetonitrile RI.
Reference solution (e) To I mL of reference solution (b) add
1 mL of reference solution (c).

Reference solution (f) Dissolve 5 mg ofpaditaxel natural for
peak identification CRS (containing impurities A) BJ C, D, EJ

F, H, 0, P, Q and R) in acetonitrile RI and dilute to 5 mL
with the same solvent.
Column:

- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: diisopropylcyanosilyl sili<a gelfor

chromatography R (5 pm) with a specific surface area
of IBO m2/g and a pore size ofB nm;

- temperatu ..: 20 ± 1 ·C.

Mobile phase:
- mobile phase A: methanol Rl, warer for

chromategraphy R (20:80 VIJI);
- mobile phase B: methanol Rt, acetonitrile/or

chromategraphy R (20:80 VIJI);

Time MobUe phase A MobUe phase B
(min) (per cent VIV) (per cent V/J?
0-60 85 ..... 56 15 ..... 401

60 - 61 56 ..... 85 44 ..... 15

61 - 75 85 15

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 227 nm.
Injection 10 J.tL of test solution (a) and reference
solntions (a), (d), (e) and (t).

Identification of impurities Use the chromatogram supplied
with paduaxel naturalfor peak identification CRS and the
chromatogram obtainedwith reference solution (f) to i4entify
the peaksdue to impurities A, BJ C, D J E, F, HJ 0, P, Q
and R.
Relative retention With reference to paclitaxe1 (retention
time = about 50 min): impurities A and B = about 0.90;
impurity R =about 0.93; impurity H =about 0.96;
impurities Q and P =about 1.02; impurity C =about 1.05;
impurity D =about 1.07; impurities 0 and E =about 1.15;
impurity F =abour 1.20.

System suitability Reference solution (e):

2022

- resolution: minimum 3.5 between the peaks due to
paclitaxel and impurity C.

Limits:
- sum of impurities E and 0: not more than 5 times the

areaof the principal peakin the chromatogram
obtainedwith reference solution (a) (0.5 per cent);

- impwity R: not more than 5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- sum of impuniies A and B: not more than4 times the
area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.4 per cent);

- impurity C: not more than 3 times the area of the
corresponding peakin the chromatogram obtained
with reference solution (d) (0.3 per cent);

- impun'ty D: not more thantwice the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);

- sum of itt/purities P and Q: not more thantwice the
areaof the principal peak in the chromatogram
obtainedwith reference solution (a) (0.2 per cent);

.....:.... impun'ty F: not more than the area of the principal
peak in the chromatogram obtained withreference
solution (d) (0.1 per cent);

- unspecified itt/pun·ties: for each impurity, not more than
the area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.10 per cent);

- total: not more than 15 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.5 per cent);

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtained withreference
solution (a) (0.05 per cent).

B. Paclitaxel producedby a semi-synthetic process.
Test solution Dissolve 10.0 mg of the substance to be
examinedin acetonitrile Rl and dilute to 10.0 mL with the
same solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with aceumitrile RI. Dilute 1.0 mL of this solution
to 100.0 mL with acetoniuile RI.
Reference solution (b) Dissolve 5.0 mg of paclitaxel CRS in
acetonitrile Rl and dilute to 5.0 mL with thesame solvent.
Reference solution (c) Dissolve 5 mg of paclitaxel semi­
synthetic for peak identification GRS (containing impurities A.
G, 1 and L) in acetonitrile RI and dilute to 5 mL with the
same solvent.
Reference solution (d) Dissolve the contents of a vial of
padiuixel semi-synthetic for system suitability GRS (containing
impurities E, Hand N) in I mL of acetonitrile RI.

Column:
- size: 1=0.15 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsiJyl silica gelfor

chromatography R (3 urn) with a specific surface area
of 300 m2/g and a pore size of 12 om;

- temperature: 35 "C,

Mobile phase:
- mobile phase A: lUetonitn'le for chromawgraphy R, water

for chromategraphy R (40:60 VII');
- mobile phase B: aceumiuile for chromatography R;
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Flow rate 1.2 mUmin.
Detection Spectrophotometer at 227 nm.

Injection 15 ~L of the test solution and reference
solutions (a), (c) and (d).

Identification of impurities Use the chromatogram supplied
with paditaxel semi-synthetic for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, G, I and 1.; use the
chromatogram supplied with paclitaxel semi-synthetic for system
suitability CRS and the chromatogram obtained with
reference solution (d) to identify the peaks due to impurities
E,HandN.
Relativeretention With reference to paclitaxel (retention
time = about 23 min): impurity N = about 0.2;
impurity G ;;;; about 0.5; impurity A =about 0.8,;
impurities M, J and H =about 0.9; impurity E = about 1.3;
impurity I =about 1.4; impurity L =about 1.5;
impurity K =about 2.2.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurity Hand paclitaxel.

Limits:
- correction factor. for the calculation of content, multiply

the peak area of impurity N by 1.29;
- impuniy A: not more than7 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.7 per cent);

- impurity L: not more than 5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impurities EJ I: for each impurity, not more than
4 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.4 per cent);

- sum of impuniks HJ J and M: not more than 4 times
the area of the principal peak. in the chromatogram
obtained with reference solution (a) (0.4 per cent);

- impurities GJ K, N: for each impurity, not more than
twice the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.2 per cent);

- unspecified impurities: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.10 per cent);

- total: not more than 12 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.2 per cent);

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtained with reference
solution (a) (0.05 per cent).

Water (2.5.32)
Maximwn 3"0 per cent, determined on 0.050 g.

Microbial contamination
TAMe: acceptance criterion 102 CFU/g (2.6.12).

Bacterial endotoxins (2.6.14)
Less than 0.4 IU/mg.

2022

Time
(min)

0-20

20 - 60

60 - 62

62 -70

Mobile phase A
(per cent VIJI)

100

100 --> 10

10 --> 100

100

Mobile phase B
(per cent V/JJ)

o
0-->90

90 --> 0

o

Paclitaxel II-523

ASSAY
A. Paclitaxel isolated from natural sources or produced by
fermentation.

Liquid chromatography (2.2.29) as described in test A for
related substances with the following modification.

Injection Test solution (b) and reference solution (b).

Calculate the percentage content of C47H51NOl4 from the
declared content of padi/fJXel CRS.
B. Paclitaxel produced by a semi-synthetic process.

Liquid chromatography (2,2.29) as described in test B for
related substances with the following modification.

Injection 10~ of the test solution and reference
solution (b).

Calculate the percentage content of C41H51N014 from the
declared content of paditaxel CRS.

STORAGE
In an airtight container, protected from light.

LABELLING
The label states the origin of the substance:
- isolated from natural sourcesj
- produced by fermentation,
- produced by a semi-synthetic process.

IMPURITIES
Test A for related substances
A, BJ CJ D, EJF, HJ OJP, Q, R.

Specified impurities AJ BJ CJ DJ EJ F, OJ P, Q. R.
Otherdetectable impuritie, (the following substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion fur other/unspecified impurities and/or by thegeneral
monograph Sub,tances fur pharmaceutical use (2034). Ir is
therefore not necessary UJ identify these impun"ties for
demonstration of comp/ianu. See abo 5.10. Ccmtral of impwities
in substances far phannauutiazl use) H.

Test B for related substances
AJ EJ GJ H, IJ JJKJ 1.., MJ N.
Specified impurities A, EJGJ HJ IJ JJ K, LJ M, N.

A. 4, 1O~-bis(acetyloxy)-l3c<-[[(2R,3S)-3-benzamido-2­
hydroxy-3-phenylpropanoyl)oxyj-i,7Il-dihydroxy-9-oxo­
5~,20-epoxytax-ii-en-2,,-yl (2E)-2-methylbut-2-enoate
(2-O-debenzoyl-2-0-tigloylpaclitaxel),
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..H¥
H' CI H.. DH

.# . 0 ....

\ H

~ro

H,C

G. 4-(acetyloxy)-13~-[[(2R,3S)-3-benzamido-2-hydroxy-3­
phenylpropanoyl]oxy)-I,7p,1 Op-trihydroxy-9-oxo-Sp,20­
epoxytax-ll-en-2a-yl benzoate (lO-D-deacetylpaclitaxel),

F. 4,1 Op-bis(acetyloxy)-13~-[[(2R,3S)-3-[hexanoyl
(methyl)amino]-2-hydroxy-3-phenylpropanoyl]oxy]-1,7P­
dihydroxy-9-oxo-Sp,20-epoxytax-ll-en-2~-yl benzoate (N­
debenzoyl-N-hexanoyl-N-methylpaclitaxel;
N-methylpaclitaxel C),

H.4-(acetyloxy)-13"-[[(2R,3S)-3-benzamido-2-hydroxy-3­
phenylpropanoyl)oxy)-1 ,7".1Op-trihydroxy-9-oxo-S p,20­
epoxytax-l l-en-Zc-yl benzoate (1O-D-deacetyl-7-epi­
paclitaxel),

B. 4,1 Op-bis(acetyloxy)-I,7P-dihydroxy-13~-[[(2R,3S)-2­
hydroxy-3-[[(2E)-2-methylbut-2-enoyl]amino]-3­
phenylpropanoyl]oxy)-9-oxo-Sp,20-epoxytax-ll-en-2~-yl

benzoate (N-debenzoyl-N-tigloylpaclitaxel;
cephalomannine),

C. 4,1 Oll-bis(acetyloxy)-13~, [[(2R,3S)-3-(hexanoylamino)-2­
hydroxy- 3-phenylpropanoyl)oxy)-I,7P-dihydroxy-9-oxo­
Sp,20-epoxytax-ll-en-2~-yl benzoate (N-debenzoyl-N­
hexancylpaclltaxef paclitaxel C),

D. 4,1Oll-bis(acetyloxy)-I, 7~-dihydroxy-13~-[[(2R,3S)-2­
hydroxy-3-[[(2E)-2-methylbut-2-enoyl]amino]-3­
phenylpropanoyl]oxy)-9-oxo-Sp,20-epoxytax-ll-en-2~-yl

benzoate (N-debenzoyl-N-tigloyl-7-epi-paclitaxel; 7-epi­
cephalomannine),

E. 4,IOll-bis(acetyloxy)-I~-[[(2R,3S)-3-benzamido-2­

hydroxy-3-phenylpropanoyl]oxy)-I,7,,-dihydroxy-9-oxo­
SP,20-epoxytax-II-en-2,,-yl benzoate (7-epi-paclitaxel),

~NH
o H···

D

...H

I. 4- (acetyloxy)-I0p, I~-bis [[(2R,3S) -3-benzamido-2­
hydroxy-3-phenylpropanoyl]oxy)-I,7IJ-dihydroxy-9-<)xo­
Sp,20-epoxytax-II-en-2~-yl benzoate (10-D-[(2R,3S)-3­
benzamido-2-hydroxy-3-phenylpropanoyl)-1O-D­
deacetylpacliraxel),
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,H

..H

,.H

o

HO,
H

O;z;-
H'G

I H,OH
, 0_...

HN \H H

->(=0 0~h ~XGH' a

~ 0

O;z;-
H'G

I H, OH
, 0

HN \H H···· c~

SO ("IOH i HI- 0_ lryo 0 GH,
, j a

0'- 0

('I OH i HJ--
~o 0 CH3

o

O. 4,1O~-bis(acetyloxy)-I ,7~-dihydroxy-13~-[[(2R,3S)-2­
hydroxy_3_phenyl_3_[[(2E)_3_phenylprop_2_enoyljaminoj
propanoyljoxyj-9-oxo-5~,20-<:poxytax-II-en-2«-yl
benzoate (N-cinnamoyl-N-debenzoylpacfitaxeI),

N. 4,1O~-bis(acetyloxy)-I,7~, 13~-trihydroxy-9-oxo-5~,20­

epoxytex-t t-en-zc-yl benzoate (l3-D-de[(2R,3S)-3­
benzamido-2-hydroxy-3-phenylpropanoyljpaclitaxel;
baccatin III),

"H
O;z;-O~:G

;:;0 0H('I OH ! HJ a

U ~oo CH3

o

O;z;-:'G H

Yo 0 H("I OH i HX 0

U ~OO CH,

o

K. 4, IOl3-bis(acetyloxy)-13~-[[(2R,3S)-3-benzamido-2­
hydroxy-3_phenylpropanoyljoxyj-l-hydroxy-9-oxo-713­
[(triethylsilyl)oxyj-5~,20-<:poxytax-II-en-2~-yl benzoate
(7-D-(triethylsilanyI)paclitaxel),

J. 4-( acetyloxy)-13~-[[(2R,3S)-3-benza mido-2-hydroxy-3­
phenylpropanoyljoxyj-I,7~-dihydroxy-9-oxo-10~-[(3­
oxobutanoyl)oxyj-5~,20-<:poxytax-ll-en-2~-ylbenzoate
( I0- D-deacetyl-I 0-0-(3-oxobutanoyl)pacfitaxeI),

L. 4,7~,10~_tris(acetyloxy)_13~_[[(2R,3S)_3_benzamido-2­
hydroxy-3-phenylpropanoyljoxyj-I-hydroxy-9-oxo-5~,20­

epoxytax-Ll-en-Zc-yl benzoate (7-D-acetylpacfitaXel),

P. 4,1O~-bis(acetyloxy)-I,7I3-dihydroxy-13~-[[(2R,3S)-2­
hydroxy_3_phenyl_3_(2_phenylacetamido)propanoyljoxy]­
9-oxo-5~,20-epoxytax-ll-en-2~-yl benzoate (N-debenzoyl­
N-(phenylacetyl)paclitaxel),

o
)-CH3

····0

H

}--D
M.5~,10~_bis(acetyloxy)_13~_[[(2R,3S)_3_benzamido-2­

hydroxy_3_phenylpropanoyljoxyj-I,2~,4,7I3-tetrahydroxy­

9-oxotax-ll-en-20-yl benzoate,

('I"HH",oOHH o~:C
~ ...H

HNf'HO a H("IOH \ Hr a

~O a GH,
o

H,G
Q. 4,10I3-bis(acetyloxy)-1~-[[(2R,3S)-3-[[(3E)-hex-3-enoylj

amino]-2-hydroxy-3-phenylpropanoylj oxyj-I,713­
dihydroxy-9-0"o-5~,20-epoxytax-II-en-2~-yl benzoate (N­
debenzoyl-N-[(3E)-hex-3-enoyljpaciitaXel),
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1I-526 Palmitic Acid

R. 4, I0Jl-bis(acetyloxy)-I ,7~-dihydroxy-13"- [[(2R,3S) -2­
hydroxy-3-[[(2S)-2-methylbutanoyl]amino)-3­
pbenylpropanoyl]oxy]-9-oxo-5~,20-epoxytax-II-en-2,,-yl
benzoate (N-debenzoyl-N-[(2S)-2-methylbutanoyl)
pac1itaxel).

_____________________ PhE,;

Palmitic Acid
(ph. Eur. monograph 1904)

57-J()-3

Action and use
Excipient.

PhE,; _

DEFINITION
Hexadecanoic acid (C1Jl3i02; M r 256.4), obtained from
fats or oils of vegetable or animal origin.

Content
Minimum 92.0 per cent.

CHARACTERS
Appearance
White or almost white, waxy solid.

Solubility
Practically insoluble in water, soluble in ethanol
(96 per cent).

IDENTIFICATION
A. Freezing point (see Tests).

B. Acid value (2.5.1): 216 to 220, determined on 0.1 g.

C. Examine the chromatograms obtained in the assay.

Results The principal peak In the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtained with the
reference solution.

TESTS
Appearance
Heat the substance to be examined to about 75°C.
The resulting liquid is not more intensely coloured than
reference solution Y1 or BY? (2.2.2) Method /).

Acidity
Melt 5.0 g, stir for 2 min in 10 mL of hot carbon dioxide-free
waterR, cool slowly and lilter. To the liltrate add 0.05 mL of
methylorange solution R. No red colour develops.

Freezing point (2.2.18)
60 'C to 66 'C.

Iodine value (2.5.4)
Maximum I.

2022

Stearic acid
Maximum 6.0 per cent, determined as prescribed in the
assay.

ASSAY
Gas chromatography (2.4.22, Me/hod C) with the following
modifications. Prepare the solutions as described in the
method but omitting the initial hydrolysis.

Reference solution Prepare the reference solution in the same
manner as the test solution using a mixture of 50 mg of
palmitic acidRand 50 mg of stearic acidR instead of the
substance to be examined.

Relative retention With reference to methyl stearate: methyl
palmitate > about 0.9.

System suitob,7ity:
- resolution: minimum 5.0 between the peaks due to methyl

stearate and methyl palmitate.
_________________~__ PhE,;

Fractionated Palm Kernel Oil
The standards of this monograph encompass several different
suppository bases. The selection of a basis for a particular
SUPPOSltOl)' formulation should be appropriate to me product
concerned and it may be necessary to apply more restrictive
standards for a particular application.

Action and use
Suppository basis.

DEFINITION
Fractionated Palm Kernel Oil is obtained by expression of
the natural oil from the kernels of Elaeis guineensis Jacq.
followed by selective solvent fractionation and hydrogenation.

CHARACTERISTICS
A white, solid, brittle fat; odourless or almost odourless.

Practically insoluble in water; miscible with ether and with
petrolewn spirit (boiling range, 40° to 60°); practically
insoluble in ethanol (96%).

TESTS
Acid value
Not more than 0.2, Appendix X B.

Iodine value
Not more than 6.0 (iodine bromide method),Appendix X E.

Melling point
31° to 36°, Appendix V A, Method N. Prepare the
substance being examined in the following manner. Melt
about 30 g in an oven at a temperature of 55° to 60° and
filter through a suitable dry filter paper, maintaining the
temperature between 53° and 60°. Cool with occasional
stirring until the temperature falls to between 32° and 34°, ';
stir continuously with a mechanical stirrer until the first signs
of cloudiness appear and continue to stir by hand until the
substance has the consistence of a paste. Inunediately
transfer to a vessel previously kept at a temperature of 15° to
22° and allow to stand at this temperature for 24 hours
before carrying out the test.

Refractive index
At 50', 1.445 to 1.447, Appendix V E.

Saponificadon value
246 to 250, Appendix X G.

-~
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PhEu _

Disodium Pamidronate
(Ph. Eur. monograph 1779)

Reference solmion Dissolve 15 mg of l-aminopropionic acidR
in waterR and dilute to 100.0 mL with thesame solvent.
Dilute 1.0 mL of this solution to 10.0 mL with waterR.
Plate TLC silica gelplate R.
kfobilephase concentrated ammonia R, di-isopropyl ether R,
methanol R (4:8:9 VIVIV).

Applicatwn 10 ~L.

Development Over 2/3 of the plate.

Drying In a current ofwann air.
Detection Spray with a ninhydrin solution R. Heat at
100-105 'C for 15 min.

Limit:
- impurity A: anyspot due to impurity A is not more

intense than the spot in the chromatogram obtained with
the reference solution (0.5 per cent).

Impurities Band C
Liquid chromatography (2.2.29).

Tesl solution Dissolve 20.0 mg of the substance to be
examinedin waler R and dilute to lO.OmL with the same
solvent.

Reference solution To 2.0 mL of a 0.3 gIL solution of
phosphoric acid R add 2.0 mL of a 0.25 gIL solution of
pbosphorous acid R and dilute to 50.0 mL with water R.
Column:
- size: 1= 0.10 m, 0 = 4.6 mm,
- stationary phase: anion-exchange resin R (5 JIm),
- temperature: 35 "C.
Mobile phase To 0.5 mL of anhydrous formic acidR add
2500 mL of waterR; adjust to pH 3.5 with an 80 gIL
solution of sodium hydroxide R.
Flowrate 1.0 mUmin.

Detection Refractometer.
Injection 100 ~L.

Rdative retention Withreference to pamidronate (retention
time =about 13 min): impurity B =about 1.3;
impurity C = about 1.6.

Systemsuitability Reference solution:
- resolution: minimum 2.5 between the peaks due to

impurities Band C.

Limits:
- impurities B, C: for each impurity, not more thanthe area

of the corresponding peaks in the chromatogram obtained
with the reference solution (0.5 per cent).

Water (2.5.12)
23.0 per cent to 27.0 per cent, determined on 0.100 g.

ASSAY
Dissolve 0.250 g in 70 mL of water R. Titrate with 0.1 M
hydrochlt»* aciddetermining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M hydrochloric acid is equivalent to 27.91 mg of
C3H9NNa207P2'

IMPURITIES
Specified impurities A, B, C.

A. 3-aminopropanoic acid (p-alanine)J
B. H,PD.: phosphoric acid,

C. H3P0 3 : phosphorous acid.
____________________ PhEIr

109552-15-0369.1

o DNa
-,;>P'-OH

HO...J pH . 5~
H2N~P-ONa

"o

C,H,NNa,D,P,,5H,D

Pamidronate Disodium
Pentahydrate

Peroxides
Dissolve 5 g in 15 mL of chloroform, add 20 mL of glacial
acetic acid and 0.5 mL of a saturated solution of potassium
iodide, mix well, aUow to stand in the dark for exactly
1 minute, add 30 mL of WaltW and titrate with O.OIM sodium
thiosulfate VS using starch mucilage as indicator. Not more
than 0.5 mL of O.OIM sodium thiosulfate VS is required.

Action and use
Blsphosphonare; treatment of osteolytic lesions: Paget's
disease; hypercalcaemia of malignancy.

Preparation
Pamidronate Disodium Infusion

DEFINITION
Disodium dihydrogen (3-amino-l­
hydroxypropylidene)bisphosphonate pentahydrate.

Content
98.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water, practically insoluble in methylene chloride.
It is sparingly soluble in dilute mineral acids and dissolves in
dilute alkaline solutions.

IDENIlFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison pamidronate disodium pemahydrate CRS.
B. Dissolve 0.5 gin 10 mL of waterR. The solution gives
reaction (a) of sodium (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intenselycoloured
than reference solution Y. (2.2.2, MethodIf).

Dissolve 0.20 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent.

pH (2.2.3)
7.8 to 8.8.

Dissolve 0.100 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Impurity A
Thin-layer chromatography (2.2.27).

Test solution Dissolve 30 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.
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II-528 Pancreatic Extract

Pancreatic Extract
(pa"creas Powder, Ph. Bur. monograph 0350)
PhE" ~ _

DEFINTI10N
Pancreas powderis prepared from the fresh or frozen
pancreases of mammals. It contains various enzymes having
proteolytic, lipolytic and amylolytic activities.

1 mg of pancreas powdercontainsnot less than
1.0 Ph. Eur. U. of total proteolytic activity, 15 Ph. Eur. U.
of lipolytic activity and 12 Ph. Eur. U. of amylolytic activity.

PRODUCTION
The animals from whichpancreas powderis derived must
fulfil the requirements for the health of animals suitable for
humanconsumption.

CHARACTERS
Appearance
Slightly brown, amorphous powder.

Solubility
Partly soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Triturate 0.5 g with 10 mL of waterR and adjust to pH 8
with 0.1 M sodium hydroxide, using 0.1 mL of cresol red
solution R as indicator. Divide the suspension into 2 equal
parts (suspension (a) and suspension (b)). Boil
suspension (a). To each suspension add 10 mg offibdn congo
red R, heat to 38-40 °C andmaintain at this temperature for
I h. Suspension (a) is colourless or slightly pink and
suspension (b) is distinctly more red.
B. Triturate 0.25 g with 10 mL of wa'er R and adjust to
pH 8 with 0.1 M sodium hydroxide, using 0.1 mL of cresol red
solutiotr R as indicator. Divide the suspensioninto 2 equal
parts (suspension (a) and suspension (b)). Boil
suspension (a). Dissolve 0.1 g of soluble starch R in 100 mL
of boiling water RJ boil for 2 min, cool and dilute to 150 mL
with waterR. To 75 mL of the starch solution add
suspension (a) and to the remaining 75 mL add
suspension (b). Heal each mixture to 38-40 °C and maintain
at this temperaturefor 5 min.
To I mL of each mixture add 10 mL of iodine solution R2.
The mixture obtained with suspension (a) has an intense
blue-violet colour; the mixture obtained with suspension (b)
has the colour of me iodine solution.

TESTS
Fat content
Maximum 5.0 per cent.

In an extraction apparatus, treat 1.0 g with lighl petroleum Rl
for 3 h. Evaporate the solvent and dry the residue at
100-105 °C for 2 h. The residue weighs a maximum of
50 mg.

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 0.50 g by drying at
60 'C at a pressure no' exceeding 670 Pa for 4 h.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli(2.6.13).

Absence of Salmonella (2.6.13).

2022

ASSAY
Total proteolytic activity
The total proteolytic activity of pancreas powderis
determined by comparing the quantity of peptides non­
precipitable by a 50 gIL solution of uichloroacetic acid R
released per minute from a substrate of caseinsolution with
the quantity of such peptides released by pancreas powder
(protease) BRP from me same substrate in the same
conditions.
Casein sdution Suspend a quantity of casein BRP equivalent
to 1.25 g of dried substance in 5 mL of wat<r R, add 10 mL
of 0.1 i\'f sodium hydroxide and stirfor 1 min. (Determine the
watercontent of casein BRP prior to the test by heatingat
60 'C in"acuo for 4 h.) Add 60 mL of waterR and stir with
a magnetic stirrer until thesolutionis practically clear. Adjust
to pH 8.0 with 0.1 M sodium hydroxide or 0.1 M hydrochloric
ocid., Dilute [0100.0 mL withwater R. Use the solution on
the day of preparation.
Enterokinase solution Dissolve50 mg of enterokinase BRP in
0.021\1 calcium chloride solution R and dilute to 50.0 mL with
the same solvent.Use the solution on the day of preparation.

To avoid absorption of waterfonned by condensation, al/cw the
preparation to be examined and the reference preparation to reach
room temperature be/ore opening 'he containers.
For the test suspension and the reference suspension, prepare the
suspension and cany out the diluticn at 0-4 "C.
Test suspension Triturate 0.100 g of the substance to be
examined for 5 min adding gradually 25 mL of 0.02 M
calcium chloride solution R" Transfer completely to a
volumetric flask and dilute to 100.0 mL with 0.02 M calcium
chloride solUM" R. To 10.0 mL of this suspension add
10.0 mL of me enterokinase solution and heat on a water­
bath at 35 ± 0.5 'C for 15 min. Cool and dilute with borate
buffer solution pH 7.5 R at 5 ± 3 °C to a final concentration
of about 0.065 Ph. Eur. U. of total proteolytic activity per
millUitre calculated on the basis of the stated activity.
Reference suspension Prepare a suspension of pancreas powder
(protease) BRP as described for the test suspension but
without the addition of enterokinase so as to obtaina known
final concentration of about 0.065 Ph. Eur. U. per millilitre
calculated on the basis of the stated activity.
Designate tubes in duplicate T, TlI, SlJ Sill' S2, S2bJ S3' S3b;
designate a tube B.
Add borate buffer souuion pH 7.5 R to the tubes as follows:

B: 3.0 mL;

S, and S,,: 2.0 mL;

S2' S211J T and Tb: 1.0 mL
Add the reference suspension to the tubes as follows:
S, and S,,: 1.0 mL;

S2 and S,,: 2.0 mL;

S, and S,,: 3.0 mL.

Add 2.0 mL of the test suspension to tubes T and T ..

Add 5.0 mL of a 50 gIL solution of trichloroacetic acid R to
tubes B, Sib' Su, S3b and Tbo Mix by shaking.
Place the tubes and the caseinsolution in a water-bath at
35 ± 0.5 'C. Place a glass rod in each tube. When
temperature equilibriwn is reached, add 2.0 mL of the casein
solution to tubes B, Sib' Su, SJb and T". Mix. At time zero,
add 2.0 mL of casein solution successively and at intervals of
30 s to tubes SlJ S2' S3 andT. .Mix immediately after each
addition. Exactly 30 min after addition of the caseinsolution,
taking into account the regular interval adopted, add 5.0 mL
of a 50 WI.. solution of trichloroacetic acid R to tubesS» S2,
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Tubes

SJ and T. Mix. Withdraw the tubes from the water-bath and
allow to stand at room temperature for 20 min.

Filter the contents of each tube twice through the same
suitable filter paper previously washed with a 50 gIL solution
of trichloroacetic. acid R, then with waterR and dried.
A suitable filter paper complies with the following test: filter
5 mL of a 50 gIL solution of trichloroacetic acid R on a 7 em
disc of white filter paper; the absorbance (2.2.25) of the
filtrate, measured at 275 nm using unfiltered trichloroacetic
acid solution as the compensation liquid) is less than 0.04.

A schematic presentation of the above operations is shown in
Table 0350.-1.

Table 0350.-1

Measure the absorbance (2.2.25) of the filtrates at 275 nm
using the filtrate obtained from tube B as the compensation
liquid.

Correct the average absorbance values for the filtrates
obtained from tubes 5 IJ 52 and S3 by subtracting the average
values obtained for the filtrates from tubes Sis, S2b and S.3b
respectively. Draw a calibration curve of the corrected values
against the vohune of reference suspension used. .

Determine the activity of the substance to be examined using
the corrected absorbance for the test suspension (T - T b)
and the calibration curve and taking into account the dilution
factors.

The test is not valid unless the corrected absorbance values
are between 0.15 and 0.60.

Lipolytic activity
The lipolytic activity is determined by comparing the rate at
which a suspension of pancreas powder hydrolyses' a
substrate of olive oil emulsion with the rate at which a
suspension of pancreas powder (lipase) BRP hydrolyses the
same substrate under the same conditions. The test is carried
out under nilrogen.
Oliveon stock emulsion In an 800 mL beaker 9 em in
diameter, place 40 mL of olive oil R, 330 mL of acada
solution Rand 30 mL of waterR. Place an electric mixer at
the bottom of the beaker. Place the beaker in a vessel
containing ethanol (96 per un\! R and a sufficient quantity of
ice as a cooling mixture. Emulsify using the mixer at an
average speed of 1000-2000 rlmin. Cool to 5-10 'C. Increase
the mixing speed to 8000 rlmin. Mix for 30 min keeping the
temperature below 25°C by the continuous addition of

crushed ice into the cooling mixture. (A mixture of calcium
chloride and crushed ice is also suitable). Store the stock
emulsion in a refrigerator and use within 14 days.
The emulsion must not separate into 2 distinct layers. Check
the diameter of the globules of the emulsion under a
microscope. At least 90 per cent have a diameter below 3 urn
and none has a diameter greater than 10 J.1m. Shake the
emulsion thoroughly before preparing the emulsion substrate.

Olive oil emulsion For 10 determinations, mix the following
solutions in the order indicated: 100 mL of the stock
emulsion, 80 mL of tris(hydroxymethyl)aminomelhane
solution Rt, 20 mL of a freshly prepared 80 f!IL of sodium
laurocholate BRP and 95 mL of waterR. Use on the day of
preparation.

Apparatus Use a reaction vessel of about 50 mL capacity
provided with:
--,- a device that will maintain a temperature of 37 ± 0.5 "C;
- a magnetic stirrer;
- a lid with holes for the insertion of electrodes, the tip of a

burette, a tube for the-admission of nitrogen and the
introduction of reagents.

An automatic or manual titration apparatus may be used.
In the latter case, the burette is graduated in 0.005 mL and
the pH-meter is provided with a wide reading scale and
glass-silver-silver chloride or other suitable electrodes. After
each test the reaction vessel is evacuated by suction and
washed several times with water R, the washings being
removed each time by suction.

To avoid absorption of warer fonned by condensation, aUow the
preparation to beexamined and the reference preparation to reach
room temperature before opening the containers.
For the leStsuspension and the reference suspension, prepare the
suspension and "my out thedilution at 0-4 °G.
Test suspension In a small mortar cooled to 0-4 °C, triturate
carefully a quantity of the substance to be examined
equivalent to about 2500 Ph. Bur. U. of lipolytic activity with
I mL of maleate buffer solution pH 7.0 R (lipase solvent)
until a very fine suspension is obtained. Dilute the
suspension with maleate buffer solution pH 7.0 R, transfer
quantitatively to a volwnetric flask and dilute to 100.0 mL
with the buffer solution. Keep the flask containing the test
suspension in iced water during the titration.

Reference suspension Prepare a suspension of pancreas powder
(lipase) BRP as described for the test suspension using a
quantity equivalent to about 2500 Ph. Eur. U.

Carry out the titrations immediately after preparation of the
test suspension and the reference suspension. Place 29.5 rnL
of olive oil emulsion in the reaction vessel equilibrated at
37 ± 0.5 °C. Fit the vessel with the electrodes, a stirrer and
the burette (the tip being immersed in the olive oil
emulsion).

Put the tid in place and switch on the apparatus. Carefully
add 0.1 M sodium hydroxide with stirring ro adjust 10 pH 9.2.
Using a rapid-flow graduated pipette transfer about 0.5 rnL
of the previously homogenised reference suspension, start the
chronometer and add continuously 0.1 M sodium hydroxide to
maintain the pH at 9.0. After exactly 1 min, note the volwne
of 0.1 M sodium hydroxide used. Carry out the measurement
a further 4 times. Discard the first reading and determine the
average of the 4 others (SI)' Make 2 further determinations
(S2 and S3)' Calculate the average of the values SH S2 and
S3' The average volume of 0.11\1 sodium hydroxide used
should be about 0.12 mL per minute with limits of 0.08 mL
to 0.16 mL.
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+ +
+ + +

2 2

+ +
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Casein solution

Buffer solution

Reference suspension

Test suspension

Trichloroacetic acid
solution

Mix
Water-balh 35 -c
Casein solution

Mix

Mix
Water-bath 35 °C 30 min
Trichloroacetic acid
solution

Mix

Room temperature
20 min

Filter
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Carry out 3 determinations in the same manner for the test
suspension (T1J T2 and T 3)' If the quantity of 0.1 Al sodium
hydroxide used is outside the limits of 0.08 mL to 0.16 mL
per minute, the assay is repeated with a quantity of test
suspension that is more suitable but situated between 0.4 mL
and 0.6 mL. Otherwise the quantity of the substance to be
examined is adjusted to comply with the conditions of the
test. Calculate the average of the values T 1J T 2 and T 3'

Calculate the activity in European Pharmacopoeia Units per
milligram using the following expression:

n average volume of O. J M sodl;lm hydroxide used per minute
during me titration of the test suspension. in milliliues;

III average volume of 0.1 ,W scdiwn hydro;r;Uk used per minute
during the titration of the reference suspension, in millilitres;

III mass of the substance to be examined. in milljgramsj
m. mass of the reference preparation, in milligrams;
A activity of fKl'JcreaJ powder (lipau) BRP, in European

Phannacopoeia Unhs per milligram.

Amylolytic activity
The amylolytic activity is determined by comparing the rate
at which a suspension of pancreas powder hydrolyses a
substrate of starch solution with the rate at which a
suspension of pancreas [J<>w<kr (amylase) BRP hydrolyses the
same substrate under the same conditions.

Starch solution To a quantity of starch BRP equivalent to
2.0 g of the dried substance add 10 mL of waterR and mix.
(Determine the water content of starch BRP prio.r to the test
by heating at 120·C for 4 h). Add this suspension, whilst
stirring continuously, to 160 mL of boiling waterR. Wash the
container several times with successive quantities, each of
10 mL, of waterR and add the washings to the hot starch
solution. Heat to boiling) stirring continuously. Cool to room
temperature and dilute to 200 mL with waterR. Use the
solution on the day of preparation.

To avoid absorption of waterformed by condensation, aUow the
preparation w beexamined and the referena preparation to reach
room temperature before opening the containers.
For the test suspension and the reference suspension, prepare the
suspension and cany out the dilution at 0-4 °G.

Test suspension Triturate a quantity of the substance to be
examined equivalent to about 1500 Ph. Eur. U. of amylolytic
activity with 60 mL of phosphate buffer solution pH 6.8 RI
for 15 min. Transfer quantitatively to a volumetric flask and
dilute to 100.0 mL with phosphate buffer solution
pH 6.8 Rl.

Referena suspension Prepare a suspension of pancreas powder
(amylase) BRP as described for the test suspension) using a
quantity equivalent to about 1500 Ph. Eur. U.

In a test-tube 200 mm long and 22 mm in diameter, fitted
with a ground-glass stopper, place 25.0 mL of starch
solution, 10.0 mL of phosphate buffer solution pH 6.8 RI
and 1.0 mL of an 11.7 gIL solution of sodium chloride R.
Close the tube, shake and place in a water-bath at
25.0 ± 0.1 °C. When the temperature equilibrium has been
reached) add 1.0 mL of the test suspension and start the
chronometer. .Mixand place the tube in the water-bath. After
exactly 10 min, add 2 mL of 1 M hydrochlori< acid. Transfer
the mixture quantitatively to a 300 mL conical flask fined
with a ground-glass stopper. Whilst shaking continuously,
add 10.0 mL of 0.05 M iodine immediately followed by
45 mL of 0.1 M sodium hydroxide. Allow to stand in the dark
at a temperature between 15°C and 25 °C for 15 min.

2022

Add 4 mL of a mixture of 1 volume of sulfuric acidRand
4 volumes of waterR. Titrate the excess of iodine with 0.1 J\t[
sodium thiosulfate using a microburette. Carry out a blank
titration adding the 2 rnL of 1 1\1hydrochloric acidbefore
introducing the test suspension. Carry out the titration of the
reference suspension in the same manner.

The test is not valid unless both n'-n and n'l-nl are between
1.9 mL and 3.6 mL.

Calculate the amylolytic activity in European Pharmacopoeia
Units per milligram using the following expression:

n volume of 0.1 M sodium rhwJIIlfore used in the titration of the
test suspension, in millilirres;

II) volume of 0.1 M sodiwn thioJUlfore used in LIte titration of the
reference suspension, in millilitres;

n' volwne of O. J At wcJiulII thwsulfoleused in the blank nrrarion of
the test suspension, in millilitres;

11'J volume of O. J M sodi"mthioslIljart! used in the blank titration of
me reference suspension, in rmllilitres:

m mass of the substance to be examined, in milligrams;
IRl mass of the reference preparation, in milligrams;
A activity ofpancreasfJOU'der (olllylast) BRP, in European

Phannacopoeia UniLS per milligram.

STORAGE
In an airtight container.
___________________ PIlE"

Pancreatin
Action and use
Enzyme; treatment of pancreatic exocrine deficiency.

Preparations
Pancreatin Gastro-resistanr Capsules

Pancreatin Granules

Pancreatin Gastro-resisranr Tablets

DEFlNfTION
Pancreatin is a preparation of mammalian pancreas
containing enzymes having protease) lipase and amylase
activity. It may contain Sodium CWoride.

Potency
Pancreatin contains in I mg not less than 1.4 Units of free
protease activity, not less than 20 Units of lipase activity and
not less than 24 Units of amylase activity.

PRODUCTION
Pancreatin is prepared in conditions designed to minimise the
degree of microbial contamination.

CHARACTERISTICS
A white or buff amorphous powder.

Soluble or partly soluble in water forming a slightly turbid
solution; practically insoluble in ethanol (96%) and in ether.

IDENTIFICATION
A. It demonstrates free protease activity in the Assay for Free
protease activity.

B. Triturate 0.25 g with 10 mL of water and adjust to
pH 8.0 by the addition of 1M sodium hydroxide using cresol red
solution as indicator. Divide the resulting solution into two
equal portions. Boil one portion [solution (1)] and leave the
other untreated [solution (2)]. Dissolve 0.1 g of soluble starch
in 100 mL of boiling water, boil for 2 minutes) cool and
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Pl>Eu _

Action and use
Non-depolarizing neuromuscular blocker.

Preparation
Pancuronium Injection

CHARACTERS
Appearance
White, yellowish-white or slightly pink, crystalline powder,
hygroscopic.

Solubility
Very soluble or freely soluble in water, very soluble in
methylene chloride, freely soluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (1.1.14).

Comparison pancuronium bromide CRS.
B. It gives reaction (a) ofhromides (1.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Me<hod If).
Dissolve 50 mg in waterR and dilute to 25 mL with the
same solvent.

Specific optical rotation (1.1.7)
+ 38.0 to + 42.0 (anhydrous substance).

Dissolve 0.75 g in waterR and dilute to 25.0 mL with the
same solvent.

Related substances
Thin-layer chromatography (1.2.27). Prepare the solutions
immediately be/ore use.
Test solution Dissolve 50.0 mg of the substance to be
examined in methylene chloride R and dilute to 5.0 mL with
the same solvent.

Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with methylene chloride R. Dilute 1.0 mL of this
solution to 20.0 mL with methylene chloride R.
Reference solution (b) Dissolve 10.0 mg ofpancuronium
bromide for system suitabili<y GRS (containing 1.0 per cent of
impurity D) in 1.0 mL of methylene chloride R.
Place TLG silica gelplace R (2-10 pm).

Mobile phase 400 gIL solution of sodium iodide R,
acetonitrile R, l-propanol R (5: 10:85 VIVW).

AppliC(uion 5 ~L.

Development In an unlined and unsaturated tank over a path
of8 em.

Drying In a current of air at room temperature.

Detection Spray with a 20 gIL solution of sodium nioiteR
and allow to dry for 5 min. Then spray with potassium
iodobismuthate solution R5. Cover the plate with a transparent
glass cover.

System suitability:
- the chromatogram obtained with reference solution (b)

shows 2 clearly separated spots due to pancuronium
bromide (Rp =about 0.5) and
impurity D (Rp =about 0.6);'

- the chromatogram obtained with reference solution (a)
shows a clearly visible spot.

Note Impurity A if present will co-migrate with impurity D.

Limits:
- impuriries A, D: any spot due to impurities A and/or D is

not more intense than the spot due to impurity D in the
chromatogram obtained with reference solution (b)
(1.0 per cent),

- unspecified impun·ties: any other spot is not more intense
than the spot in the chromatogram obtained with
reference solution (a) (0.10 per cent).

**** ** ** ****

733 15500-66-0

dilute to 150 mL with wmer. Add solution (1) to half the
starch mucilage and solution (2) to the remainder and
maintain the mixtures at 38" to 40" for 5 minutes. To 1 mL
of each mixrure add 10 mL of iodinated potassium iodide
solution. The liquid containing solution (2) retains the colour
of the solution of iodine and the liquid containing solution
(1) acquires an intense blue colour.

TESTS
Fat
Extract 1 g with petroleum spirie (boiling range, 4(1' to 6(1') for
3 hours in an apparatus for the continuous earaaionof drngs,
Appendix XI F, evaporate the extract and dry the residue at
105" for 2 hours. The residue weighs not more than 30 mg.

Loss on drying
When dried at 60" at a pressure not exceeding 0.7 kPa for
4 hours, loses not more than 5.0% of its weight. Use 0.5 g.

l\1lcrobial contamination
1 g is free from Escherichia coli; 109 is free from Salmonella,
Appendix XVI B I.

ASSAY
Carry out the Assay 0/pancreatin, Appendix XN I.

STORAGE
Pancreatin should be stored at a temperature not exceeding
15°.

(Ph. Eur. manograph 0681)

LABELLING
The label states (1) the minimum number of Units of activity
of free protease, lipase and amylase per mg; (2) the name of
any added substance; (3) the date after which the material is
not intended to be used; (4) the conditions under which it
should be stored.

Pancuronium Bromide

DEFINITION
1,1'-[3%17p-Bis(acetyloxy)-5~-androstane-2p>16Il-diyl]bis(1­
methylpiperidiniwn) dibromide.

Content
98.0 per cent to 102.0 per ce~t (anhydrous substance).
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164579-32-2

D. 1-[3~,17Jl-bis(acetyloxy)-2~-(piperidin-l-yl)-5~-androstan­

16Jl-yll+methylpiperidinium bromide (vecuronium
bromide),

Action and use
Protonpump inhibitor; treatment of pepticulcer disease.

Preparations
Pantoprazole for Injection
Pantoprazole Gastro-reslstant Tablets

F l-Q-.NNa OCH,

\ NA~OCH'
F ~ I

andenanl:lomer 0 N.,.,?

E. 2~, 16~-bis(piperidin-l-y1)-5~-androstane-3~, 17~-diyl

diacetate.
____________________ PbE<I

Pantoprazole Sodium
Sesquihydrate
(ph. Eur. monograph 2296)

2BC

2Bc

Water (2.5.12)
Maximum 8.0 per cent, determined on 0.300 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 50 rnL of acetic anhydride R, heating if
necessary. Titrate with O.l/vI perchloric acid, determining the
end-point potentiometrically (2.2.20).
1 mL of O. I M perch/orie acid is equivalent to 36.63 mg
of C35H60Bc2N20".

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, D.
Otherdetectable impurities (the fo/lowing substances sooutd, if
present at a sufficient level, be detected by oneor other of the rests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impurities andlor by thegeneral
monograph Substanus for pharmaceutical use (2034). II is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) B, C, E.

A. 1,1'-[3~-(acetyloxy)-17Jl-hydroxy-5~-androstane-2~,16~­
diyl)bis(l-methylpiperidinium) dibromide (dacuronium
bromide),

B. 1,1'-[17Jl-(acetyloxy)-3~-hydroxy-5~-androstane-2~, 16Jl­
diyl]bis( I-methylpiperidinium) dibromide,

C. 1,1'-(3~,17~-dihydroxy-5~-androstane-2~,16~-diy1)bis(l­
methylpiperidinium) dibrcmide,

O· ~, ....,·_0",1/"'"','"''''"''
CH,

HO'
H H

2BC

PbE<I _

DEFINTI10N
Sodium 5-(dilluoromethoxy)-2-[(RSJ-[(3,4-dimethoxypyridin­
2-yl)methyl]sulfinyl]beU2imidazol-l-ide sesquihydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

PRODUCTION
It is producedby methods of manufacture designedto
guarantee the proper hydrate Conn and it complies, if tested,
with a suitable test that demonstrates its sesquihydrate nature
(for example near-infrared spectroscopy (2.2.4(J) ur X-ray
powder diffraction (2.9.33)).

CHARACTERS
Appearance
White or almost white powder.
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Solubility
Freelysoluble in water and in ethanol (96 per cent),
practically insoluble in hexane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison pantoprasole sodium sesquihydrate CRS.
B. It gives reaction (a) of sodium (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution B6 (2.2.2, iHethod II).
Dissolve 0.20 g in waterR and dilute to 20.0 mL with the
same solvent.

Optical rotation (2.2.7)
-0.4' to + 0.4'.

Dissolve 0.2 g in 10 mL of waterR. Adjust to pH 11.5-12.0
with an 8 gIL solutionof sodium hydroxide R. Dilute to
20.0 mL with waterR.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, 40 mgIL solution of sodium
hydroxide R (50:50 VIJI).

Testsolution Dissolve 23 mg of the substance to be
examinedin the solvent mixture and dilute to 50.0 ml with
the solvent mixture.

Reference solution (a) Dilute 1.0 rnL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 2.5 mg of pantoprazole for
system suitabih"ty CRS (containing impurities A) 8, C) D and
E) in the solvent mixture and dilute to 5.0 mL with the
solvent mixture.
Column:
- size: I;;;; 0.125 m, 0 ;;;; 4 mm;
- stationary phase: end-capped ottadecylsilyl n'lica gelfor

chromawgraphy R (5 um),
- temperature: 40 °C.

Mobile phase:
- mobil,phaseA: 1.74 gIL solution of dipotassium hydrogetl

phosphate R adjusted to pH 7.00 ± 0.05 with a 330 gIL
solution of phosphoric acid R;

- mobile phaseB: acetonitrile for chromatography R;

Time
(mln)

Mobile phase A
(percent V~

80 -0 20

20 --> 80

MobUe phase B
(per cent PIJ?

20 --> 80

80 --> 20

SystemsuitabIlity Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities E and D + F;
- the chromatogram obtainedis similar to the

chromatogram supplied with pantoprazole for system
suitability CRS.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity C by 0.3;
- impurity A: not more than twice the area of the principal

peak in the chromatogram obtained withreference
solution (a) (0.2 per cent);

- sum of impurities D and F: not more than twice the area of
the principal peakin the chromatogram obtained with
reference solution (a) (0.2 per cent);

- impurities B.. C.. E: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.1 per cent);

- unspecified impurities: for each impurity, not more thanthe
areaof the principal peakin the chromatogram obtained
withreference solution (a) (0.10 per cent);

---.::.... ICtal: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.S.1I)
5.9 per cent to 6.9 per cent, determined on 0.150 g.

ASSAY
Dissolve 0.200 g in 80 mL of anhydrous acetic acidR, add
5 mL of acetic anhydride R and mix for at least 10 min.
Titrate with 0.1 M perchioric acid, determining the end-point
potentiometrically (2.2.21}).

I mL of 0.1 M perchlaric acid is equivalent to 20.27 mg
of C,oH14F,N,NaO,S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A..B, C, D, E, F.

A. 5-(diftuoromethoxy)-2-[[(3,4-dimethoxypyridin-2-yl)
methyl]sulfonyl]-IH-benzimidazole,

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 290 om and, for
impurity C, at 305 nm.

lnjection 20 ~L.

Identification of impurities Use the chromatogram supplied
with pamopmzole for SYSIetn Slji,ability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaksdue to impurities A, B, C, D + F and E.
Relative retention With reference to pantoprazole (retention
time = about II min): impurity C = about 0.6;
impurity A ;;;; about 0.9; impurities D and F = about 1.2;
impurity E =about 1.3; impurity B =about 1.5.

B. 5-(diftuoromethoxy)-2-[[(3,4-dimethoxypyridin-2-yl)
methyl]sulfanyl]-IH-benzimidazole,

C.5-(diftuoromethoxy)-IH-benzimidazole-2-thiol,
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o-Q "CH3
"',fN OCH,

F--< A ~OCH andenanllom"
F N S I"" a

"ON"",

D.5-(difluoromethoxy)-2-[(RSJ-[(3,4-dimethoxypyridin-2-yl)
methyl]sulfinyl]-l-methyl-lH-benzimidazole,

E. mixture of the stereoisomers of 6,6'-bis(difluoromethoxy)­
2,2'-bis[[(3,4-dimethoxypyridin-2-yl)methyl]sulfinyl]­
IH,l'H-5,5 '-bibenzimidazolyl,

andenantlomer

F. 6-(difluoromethoxy)-2-[(RSJ-[(3.4-dimethoxypyridin-2-yl)
methyl]sulfinyl]-I-methyl-I H-benzimidazole.

____________________ PlJEu

Papaveretum
Action and use
Opioid receptor agonist; analgesic.

DEFINITION
Papavererum is a mixtureof 253 parts of Morphine
Hydrochloride (C17HisNO"HCI,3H,O, 375.9), 23 pans of
Papaverine Hydrochloride (C,oH'lNO"HCI, 375.9) and 20
pans of Codeine Hydrochloride (C18H"NO"HCI,2H,O,
371.9). It contains not less than 80.0% and not more than
88.4% of C17HI9N0.3,HCl, not less than 8.3% and not more
than 9.2% of C2oH21NO,j"HCI and not less than 6.6%and
not more than 7.4% OfClSH21N03,HCl, calculated with
reference to the dried material.

CHARACfERISTICS
A white or almost white, crystalline powder.
Soluble in water; sparingly soluble in ethanol(96%).

IDENTIFICATION
A. Carry out the method for thin-layer chromatography,
Appendix ill A, using the following solutions in water.
(1) 1.5% w/v of the substance being examined.
(2) 1.28% wlv of morphine su!fate BPCRS.
(3) 0.115% wi. of papaverine hydrochloride BPCRS.

(4) 0.11 % wlv of codeine phosphate BPCRS.

2022

CHROMATOGRAPHIC CONDITIONS

(a) Use a silica gel precoared plate (Merck silica gel 60 plates
aresuitable).
(b) Use the mobilephase as described below.
(c) Apply 10 ~L of each solution.

(d) Develop the plate to 15 em.

(e) Afterremoval of the plate,dry at 1000 to 1050 for
15 minutes, allow it to cool and spray withpotassium
iodobismuthate solution and then with a 0.4% vlv solution of
su/furic add.

MOBILE PHASE

2 volumes of 13.5Mammonia, 6 volumes of ethanol (96%),
40 volumes of acetone and 40 volumes of toluene.

CONFIRMATION

The chromatogram obtained with solution (1) shows three
principal spots corresponding in position and colour to the
principal spots in the chromatograms obtained withsolutions
(2), (3) and (4).

B. Yields the reactions characteristics of chlorides,
Appendix VI.

TESTS
Acidity
pH of a 1.5% w/v solution, 3.7 to 4.7, Appendix V L.

Clarity and colour of solution
A 1.5% w/v solutionin water is clear, Appendix N A, and
not more intensely coloured than reference solution BYs,
Appendix N B, Method II.

Loss on drying
Whendried to constant weightat 130°J loses not less than
10.0% and not more than 14.0% of its weight. Use 0.5 g.

ASSAY
Carryout the method for liquid chromatography,
Appendix ill D, usingthe following solutions in methanol
(60%).
(I) 0.15% wlv of the substance being examined.

(2) 0.128% wlv of morphine su!fate BPCRS.
(3) 0.128% wlv of morphine sulfate BPCRS, 0.0115% wlv of
papaverine hydrochlaride BPCRS and 0.0 II % wlv of codeine
phosphate BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (10 em x 4.6 mm) packed
with end-capped oaade<ylsilyl SIlica gelfor chromatography
(5 um) (Nudeosil CI8 is suitable).

(b) Use isocratic elution and the mobilephasedescribed
below.
(c) Use a flow rate of 2 mL per minute.
(d) Use an ambient column temperature.
(e) Use ~ detection wavelength of285 nm.

(f) Inject 20 ~ of each solution.

MOBILE PHASE

O.OlM sodium acetate and 0.005M d;oc~l sodium sulfosuccinate
in methanal (60%) adjusted to pH 5.5 with glacial acelic acid.

SYSTEM SUITABILITY

If necessary, adjust the proportion of methanol in the mobile
phase in the range 55% vlv to 65% vlv so that the retention
time of morphine ln. solution (2) is 4 [0 5 minutes. Adjust
the pH of the mobile phase with either glacial acetic acid or
2M sodium hydroxide in orderto obtain optimum separation of
the three principal components in solution (3). The retention
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PhE<r _

times of codeine and papaverine relative to that of morphine
are about 1.3 and 1.7 respectively.

DETERMINATION OF CONTENT

For anhydrous morphine hydrochloride
Calculate the content of CI7HI9NOJ,HCI using the declared
content of C17H19NO j in morphine sulfate BPCRS. Each mg
of C17HL9N03 is equivalent to 1.13 mg of C17HI9N03,HCI.

For papaverine hydrochloride
Calculate the content of CzoHz 1N04,HCI using the declared
content of CZoHZ1N04,HCl in papouevine
hydrochloride BPCRS.

For anhydrous codeine hydrochloride
Calculate the content of ClsH21N03IHCl using the declared
content of CIsHzIN03 in codeine phosphate BPCRS. Each mg
of CIsHzIN03 is equivalent to 1.09 mg of C 1sH21N03,HCI.

STORAGE
Papaveretum should be protected from light.

Time Mobile phase A Mobile phase B Mobile phase C
(min) (per cent VIII) (per cent VIII) (per cent VIP)

0-5 85 5 10

5 - 12 85 --> 60 5 10 --> 35

12 - 20 60 5 35

20 - 24 60 --> 40 5 ...... 20 35 ...... 40

24 ~ 27 4. 20 40

27 - 32 40 ...... 85 20 --> 5 40 ...... 10

Plate TLC silica gelGF254 plate R.
Mobile phase dIethylamine R, ethylacetate R, toluene R
(10:20:70 VIVII').

Application 10 ~L.

Development Over 213 of the plate.

Drying At 100-105 "C for 2 h.

Detection Examine in ultraviolet light at 254 nm.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

C. To 10 mL of solution S (see Tests) add 5 mL of
ammoniaR dropwise and allow to stand for 10 min.
The precipitate, washed and dried, melts (2.2.14) at 146°C
to 149 "C.

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.4 g in carbon dioxide-free water R, heating gently if
necessary, and dilute to 20 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2J Meehod II).

pH (2.2.3)
3.0 to 4.0 for solution S.

Related substances
liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, mobile phase A (20:80 VII').

Tese solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solutwn (b) Dissolve 12 mg of noscapi... CRS in
1.0 mL of the test solution and dilute to 100.0 mL with the
solvent mixture.

Column:
- size: 1= 0.25 m, 0 =4.0 mm;
- stationary phase: base-deactivated octylsilyl silica gelfor

chromawgraphy R (5 pm).

Mob.le phase:
- mo1nle phase A: 3.4 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with dilute phosphoric
addR;

- mobile phaseB: acetonitrile R;
- mobile phaseC: methanol Rj

Flow rate 1 mUmin.

Detection Spectrophotometer at 238 run.

Injection 10 ~L.

61-25-6

**** ** ** ****

Hel

OCH,

OCH,

375.9

H,CO

(Ph. Eur. monograph 0102)

Papaverine Hydrochloride

Action and use
Phosphodiesterase inhibitor; smooch muscle relaxant.

Preparation
Papaverine Injection

DEFINITION
I-(3,4-Dinlethoxybe'"'YI)-6,7-dirnethoxyisoqtUnolUIe
hydrochloride.

Content
99.0 per cent (Q 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder, or white or almost
white crystals.

Solubility
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, D.

Second identification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison papaverine hydrochloride CRS.
B. 'Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.

Reference solution Dissolve 5 mg of papaverine
hydrochloride CRS in methanol R and dilute to 10 mL with the
same solvent.
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_____________________ Ph Ell

andenantiomer

andenantiomer

OCH,

OCH3

E. (IRS)-I-(3,4-dimethoxybenzyl)-6,7-dimethoxy-I,2,3,4­
tetrahydroisoquinoline (tetrahydropapaverine),

o

H'CO~~
H,CO"'" I"'"

,.,p OCH3

OCH,

H,CO

C. 1-(3,4-dimethoxybenzyl)-6,7-dimethoxy-3,4­
dihydroisoquinoline (dihydropapaverine),

F. 2-(3,4-dimethoxyphenyl)-N-[2-(3,4­
dimethoxyphenyl)ethyl] acetamide.

D. (3,4-dimethoxyphenyl)(6,7-dimerhoxylsoqulnolin-f-yl)
methanone (papaveraldine),

OCH,

OCH,

I'"

Relative retention Withreference [0 papaverine (retention
time = about 24 min): impurity E =about 0.7;
impurity C = about 0.75; impurity B =about 0.8;
impurity A = about 0.9; impurity F = about 1.1;
impurity D = about 1.2.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaksdue to

impurity A and papaverine.

Limits:
- correction faaon: for me calculation of contents, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 6.2j
impurity C = 2.7; impurity D = 0.5;

- a1O' inrpun",y: not more than the area of me principal peak
in the chromatogram obtained with reference solution (a)
(0.1 per cent);

- toml: not more than5 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the 'area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
.Maximum 0.1 per cent, determined on the residue from the
test for loss on drying.

ASSAY
Dissolve 0.300 g in a mixture of 5.0 mL of 0.01 M
hydrrxhloric acidand 50 mL of alcohol R. Carty out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent to 37.59 mg of
C,oH22C lN O,.

IMPURITIES

Paracetamol
(Ph. Eur. monograph 0049)

Action and use
Analgesic; antipyretic.

Preparations
Co-codamolTablets
Co-codamoJ Capsules
Co-codamol Effervescent Tablets
Paracetamol Effervescent Tablets
Co-dydramol Tablets

Co-proxamol Tablets
Peraceramol Capsules
Paediatric Paracetamol Oral Solution
Paediatric Paracetamol Oral Suspension
Paracetamol Oral Suspension

A. (3S)-6,7-dimethoxy-j-](5R)-4-methoxy-6-methyl-5,6,7,8­
tetrahydro-I,3-dioxo10 [4,5-gJisoquinolin-5-yI]
isobenzofuran-I(3H)-one (noscapine),

andenanllomer

OCH,

OCH,

B. (RS)-(3,4-dimethoxyphenyl)(6,7-dimethoxyisoquinolin-l­
yl)methanol (papaverinol),

CsR,NO, 151.2 103-90-2

"
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Paracetamol Suppositories

Paracetamol Tablets

Paraceramol and Caffeine Tablets

Paracetamol and Caffeine Soluble Tablets

Paracetamol Dispersible Tablets

Paracetamol Soluble Tablets

Paraceramol, Codeine Phosphate and Caffeine Capsules

Paracetamcl, Codeine Phosphate and Caffeine Tablets

PhE" __~ _

DEFINITION
N-(4-Hydroxyphenyl)acetamide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water, freely soluble in ethanol
(96 per cent), very slightly soluble in methylene chloride.

IDENTIFICATION
First identifiootion: B.

Secondidentification: A.
A. Melting point (2.2.14).

Determination A Determine the melting point of the
substance to be examined.

ResultA 168 °C to 172 °C.

Determination B Mix equal parts of the substance to he
examined and paracaamol CRS and determine the melting
point of the mixture.

Result B The absolute difference between the melting point
of the mixture and the value obtained in determination A is
not greater than 2°C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison paracaomd CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solven, mixture methanol R, Water R (15:85 VIV).
Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 5,0 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 20.0 mL with the solvent mixture.

Reference solution (b) Prepare immediauly before use. Dissolve
5.0 mg of poracaamdimpun'ty K CRS and 5 mg of
paracaamd CRS in the solvent mixture and dilute to
100.0 mL with the solvent mixture. Dilute 1.0 mL of the
solution to 100.0 mL with the solvent mixture.

Reference solution (c) Dissolve 5.0 mg of paraceuzmol
impun'ty J CRS in the solvent mixture and dilute to
250.0 mL with the solvent mixture. Dilute 1.0 mL of the
solution to 200.0 mL with the solvent mixture.

Preoxumn:
- size: 1= 0.005 m, 0 = 2.1 mm;
- suza'onary phase: end-capped solid core ocuukcy/silyl sili<a gel

for chromatography R (2.7 urn),

Column:
- size: 1= 0,10 m, 0 = 2.1 mm;

Paracetamol 11-537

- stationary phase: end-copped solid core occadecylsilyl silica gel
forchromawgraphy R (2.7 um),

- temperature: 30°C.

Mobi7e phase:
- mobile phaseA: dissolve 1.7 g of potassium dihydrogm

phosphate Rand 1.8 g of dipotassium hydrogen phosphate R
in waler for chromatography R and dilute to 1000 mL with
the same solvent;

- mobile phaseB: methanol R;

Time MobDe phase A MobDe phase B
(min) (per cent VIJ') (per cent VII1

0- I 95 5

1 - 10 95 ..... 90 5 -+ 10

10 - 20 90 10

20 - 40 90 ..... 66 10 ..... 34

40 - 50 66 "
Flew rate 0.3 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 5 ~L.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity K; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity J.
Relative retention With reference to paracetamol (retention
time > about 4 min): impurity K = about 0.4j
impurity J = about 10.1.

Systemsuilability Reference solution (b):
- resolucion: minimum 5.0 between the peaks due to

impurity K and paracetamol.

Calculation of percentage amtents:
- for impurity J) use the concentration of impurity J in

reference solution (c);
- for impurity K) use the concentration of impurity K in

reference solution (b)j
- for impurities other than J and K) use the concentration

of paracetamol in reference solution (a).

Limits:
- impurity K: maximum 50 ppm;
- impun'ty J: maximum 10 ppm;
- unspecified impuriues: for each impurity) maximum

0.05 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.03 per cent) except for impurities J

and K.

Loss on dtying (2.2.32)
Maximum 0.5 per cent) determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 10 mL of waterRand
30 mL of dilute sulfim·c add R. Boil under a reflux condenser
for 1 h) cool and dilute to 100.0 mL with waterR.
To 20.0 mL of the solution add 40 mL of waterR, 40 g of
ice, 15 mL of di7ute hydrochloric acid Rand 0.1 mL of
ferroin R. Titrate with 0.1 .iW cerium sulfate until a greenish­
yellow colour is obtained, Carry out a blank titration.

I mL of 0.1 M cerium sulfate is equivalent to 7.56 mg of
CalI,NO,.

STORAGE
Protected from light.
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IMPURITIES
Specified impurities J, K.

Otherdetectable impun"ties (thefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for other/unspecified impun"ties and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.JO. Control of impunties
in substances for pharmaceutical use) A, B, C, D, E, P, G, H,
I, L, f\!I, N.

A. N-(2-hydroxyphenyl)acetamide,

B. N-(4-hydroxyphenyl)propanamide,

C. N-(3-chloro-4-hydroxyphenyl)acetamide,

D. N-phenylacetamide,

E. 1-(4-hydroxyphenyl)ethan-l-one,

F. 4-nitrophenol,

NoH
H'C~

N
1
OH

G. [1-(4-hydroxyphenyl)ethylidene[hydroxylamine,

H. -l-acetamidophenyl acetate,

2022

I. 1-(2-hydroxyphenyl)ethan-I-one,

J. N-(4-chlorophenyl)ace,amide (chloroacetanilide},

~OH

H,N~

K. 4-aminophenol,

L. N-[4-(4-acetamido-2-hydroxyphenoxy)phenyl)acetamide,

M. 4,4'-azanediyldiphenol,

N. N,N' -[oxydi(4,I-phenylene))diacetamide.
____________________ PhE"

Hard Paraffin
(ph. Eur. monograph 1034)
PhE" _

DEFINITION
A purified mixture of solid saturated hydrocarbons generally
obtained from petroleum. It may contain a suitable
antioxidant.

CHARACTERS
Appearance
Colourless or white or almost white mass; the melted
substance is free from fluorescence in daylight.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, practically insoluble in ethanol (96 per cent).

IDENTIFICATION
First idenofication: A, C.

Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison hard paraffin CRS.

Preparation Place about 2 mg on a sodium chloride plate,
heat in an oven at 100°C for 10 min, spread the melted
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substance with another sodium chloride plate and remove
one of the plates.

B. Acidity or alkalinity (see Tests).

C. Melting point (2.2.16): 50"C to 61 "C.

TESTS
Acidity or alkalinity
To 15 g add 30 mL of boiling waterR and shake vigorously
for I min. Allow to cool and to separate. To 10 mL of the
aqueous layer add 0.1 mL of phenolphthalein solution R.
The solution is colourless. Not more than 1.0 mL of a.OllW
sodium hydroxide is required to change the colour of the
indicator to red. To a funher 10 mL of the aqueous layer
add 0.1 mL of methylred solution R. The solution is yellow.
Not more than 0.5 mL of 0.011\1hydrochloric acid is required
to change the colour of the indicator to red.

Polycyclic aromatic hydrocarbons
Use reagents for ultraviolet absorption spectrophotometry
Dissolve 0.50 g in 25 mL of heptane R and place in a
125 mL separating funnel with unlubricated ground-glass
parts (stopper, stopcock). Add 5.0 mL of dimerhyl sulfoxide R.
Shake vigorously for 1 min and allow to stand until 2 clear
layers are fanned. Transfer the lower layer to a 2nd

separating funnel, add 2 mL of heptane Rand sbake the
mixture vigorously. Allowto stand until 2 clear layers are
formed. Separate the lower layer and measure its absorbance
(2.2.25) between 265 om and 420 om using as the
compensation liquid the clearlower layer obtained by
vigorously shaking 5.0 mL of dimerhyl sulfoxide R with 25 mL
of heptane R for J min. Prepare a 7.0 mgILreference soJution
of naphthalene R in dim~thyl sulfoxide R and measure the
absorbance of this solution at the absorption maximum at
278 om using dimethyl sulfoxide R as the compensation liquid.
At wavelengths from265 nm lO 420 om, the absorbance of
the test solutionis not greater thanone-third thatof the
reference solution at 278 nm.

Sulfates (2.4.13)
Maximum 150 ppm.
Introduce 2.0 g of the melted substance to be examined into
a 50 mL ground-glass-stoppered separating funnel.
Add 30 mL of boiling distilled waterR, shake vigorously for
I min and filter.

STORAGE
Protecred from light.
_____________________ PIIE<r

Light Liquid Paraffin
(ph. Bur. monograph 0240)

Preparation
Light Liquid Paraffin Eye Drops
PIIElr _

DEFINITION
Purified mixture of liquidsaturated hydrocarbons obtained
from petroleum.

CHARACTERS
Appearance
Colourless, transparent, oily liquid, free fromfluorescence in
daylight.

Solubility
PraeticaUy insoluble in water, slightly soluble in ethanol
(96 per cent), misciblewith hydrocarbons.

Paraffin 11-539

IDENTIFICATION
First identification: A, C.
Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spearum of liquidparaffin.
B. In a test tubecautiously boil 1 mL with 1 mL of 0.1 M
sodium hydroxide, with continuous shaking, for about 30 s.
On cooling to room temperature, 2 phases separate. To the
aqueous phaseadd 0.1 mL of phenolphthalein solution R.
The solution becomes red.
C. Viscosity (see Tests).

TESTS
Acidity or alkalinity
To 10 mL add 20 mL of boiling waterRand sbake
vigorously for I min. Separate the aqueous layer and filler.
To 10 mLofthe filtrate, add 0.1 mLofphenolphlhalein
solution R. The solution is colourless. Not more than0.1 mL
of 0.1 1\1sodium hydroxide is required to change the colour of
the indicator to pink.

Relative density (2.2.5)
0.810 to 0.875.

Viscosity (2.2.9)
25 ml'a-s to 80 ml'a.s.

Polycyclic aromadc hydrocarbons
Use reagents far ultmviokt spectrophotometry.
Introduce 25.0 mL into a 125 mL separating funnel with
unlubricated ground-glass parts (stopper, stopcock).
Add 25 mL of hexane R which has been previously shaken
twice with one-fifth its volume of dimethyl sulfoxide R.
Mix and add 5.0 mL of dimethyl sulfoxide R. Shake vigorously
for 1 min and allowto standuntil 2 clear layers are formed.
Transfer the lowerlayer to a 2nd separating funnel, add 2 mL
of hexane R and shake the mixture vigorously. Allow to stand
until 2 clear layers are formed. Separate the lowerlayer and
measure its absorbance (2.2.25) between 260 nm and
420 run, using as thecompensation liquid the clearlower
layer obtained by vigorously shaking 5.0 mL of dimethyl
rnlfoxide R with 25 mL of hexane R for I min. Prepare a
7.0 mg/L reference solution of naphthalene R in
trimethylpentane R andmeasure the absorbance of the
solution at the absorption maximum at 275 run, using
tn·methylpentane R as the compensation liquid. At no
wavelength between 260 om and 420 nm does the
absorbance of the testsolution exceed one-third that of the
reference solution at 275 run.
Readily carbonisable substances
Use a ground-glass-stoppered tube about 125 mm long and
18 mm in internal diameter, graduated at 5 mL and 10mL;
washwith hot waterR (temperature at least 60°C),
acetQne R, heptane R andfinally with acetone R, dry at
100-110 "c. Cool in a desiccator. Introduce 5 mL of the
substance to be examined and add 5 mL of nitrogen-jree
sulfuric acid R1. Insert the stopper and shake as vigorously as
possible, in the longitudinal direction of the tube, for 5 s.
Loosen the stopper, inunediately place the tube in a water­
bath, avoiding contactof the tube with the bottom or side of
the bach, andheat for 10 min. After 2 min, 4 min, 6 min
and 8 min, remove the tubefrom the bathand shakeas
vigorously as possible, in the longitudinal direction of the
tubefor 5 s. At the end of 10 min of heating, remove the
tubefrom the water-bath and allow to stand for 10 min.
Centrifuge at 2000 g for 5 min. The lower layer is not more
intensely coloured (2.2.2, Alemodl) than a mixture of
0.5 mL of blue primary solution, 1.5 mL of red primary
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solution, 3.0 mL of yellow primary solution and 2 mL of a
10 gIL solution of hydrochloric acidR.

Solid paraffins
Dry a suitable quantity of the substance to be examined by
heating at 100 °C for 2 h and cool in a desiccator over
sulfurk acid R. Place in a glass tube with an internal diameter
of about 25 mID, close the tube and immerse in a bath of
iced water. After 4 h, the liquid is sufficiently clear for a
black line, 0.5 mm wide, to be easily seen against a white
background held vertically behind the tube.

STORAGE
Protected from light.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as beingrelevant control parameters for oneor more
junctionsof the substance when usedas an excipient (see chapter
5.15). Some a/the characteristics described in the Functionality­
related charaaeristics section may also bepresent in the mandatory
part of the monograph since they alsorepresent mandarory quality
ctiuria: In such cases, a cross-reference to the tests described in the
mandatory part is included in the Funaionaiuy-rdaud
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal product by improving the consistetlcy
of the manufactudngprocess and the per/ormanu of the medicinal
produa during use. Where control methods arecited, they art
recognised as being suitable for the purpose, but othermethods can
alsobe used. Wherever results for a particular characteristU are
reponed, the control methodmust be indicated.

Thefollowing chara<terisUc may be relevant for lightliquid
paraffin usedas emollrent in emtments, as vehide in eye
preparations or as lubn·cant in tablets and capsules.

Viscosity
(see Tests).
_____________________ PhE"

Liquid Paraffin
(ph. Eur. monograph 0239)

Action and use
Faecal softener.

Preparadons
Liquid Paraffin Oral Emulsion

Liquid Paraffin and Magnesium Hydroxide Oral Emulsion

PhE" ~ _

DEFINITION
Purified mixrure of liquid saturated hydrocarbons obtained
from petroleum.

CHARACTERS
Appearance
Colourless, transparent, oily liquid) free from fluorescence in
daylight.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent), miscible with hydrocarbons.

IDENTIFICATION
First identification: A, C.

Secondidenti}i<ariun: B. C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur: reference spectrum of liquidparaffin.

2022

B. In a test tube cautiously boil 1 mL with 1 mL of O. J M
sodium hydroxide, with continuous shaking) for about 30 s.
On cooling to room temperature) 2 phases separate. To the
aqueous phase add 0.1 mL of phenolphthalei" solution R.
The solution becomes red.

C. Viscosity (see Tests).

TESTS
Acidlty or alkalinlty
To 10 mL add 20 mL of boiling waterR and shake
vigorously for 1 min. Separate the aqueous layer and filter.
To 10 mL of the filtrate, add 0.1 mL of phenolphthalein
sduuon R. The solution is colourless. Not more than 0.1 mL
of 0.1 wI sodium hydroxide is required to change the colour of
the indicator to pink.

Rela rive density (2.2.5)
0.827 to 0.890.

Viscosity (2.2.9)
110 ml'a-s to 230 mPa-s.

Polycyclic aromatic hydrocarbons
Use reagents for ultraviolet spearophotomeay,

Introduce 25.0 mL into a 125 mL separating runnel with
unlubricated ground-glass parts (stopper, stopcock).
Add 25 mL of hexane R which has been previously shaken
twice with one-fifth its volume of dimethylsulfoxide R.
Mix and add 5.0 mL of dimethylsulfoxide R. Shake vigorously
for I min and allow to stand until 2 clear layers are formed.
Transfer the lower layer to a 2d separating funnel, add 2 mL
of hexaneR and shake the mixture vigorously. Allow to stand
until 2 clear layers are formed. Separate the lower layer and
measure its absorbance (2.2.25) between 260 nm and
420 nm, using as the compensation liquid the clear lower
layer obtained by vigorously shaking 5.0 mL of dimethyl
sulfoxide R with 25 mL of hexane R for 1 min. Prepare a
7.0 mgIL reference solution of naphthalene R in
trimethytpentane R and measure the absorbance of the
solution at the absorption maximum at 275 nm, using
trimethytpenume R as the compensation liquid. At no
wavelength between 260 nm and 420 nm does the
absorbance of the test solution exceed one-third that of the
reference solution at 275 om.

Readily carbonisable substances
Use a ground-glass-stoppered tube about 125 mm long and
18 rom in internal diameter, graduated at 5 mL and 10 mL;
wash with hot water R (temperature at least 60 "C),
acetone R, heptane R and finally with tUeume R, dry at
100-110 "C. Cool in a desiccator. Introduce 5 mL of the
substance to be examined and add 5 mL of nitrogen-free
slllfun·c acid R1. Insert the stopper and shake as vigorously as
possible, in the longitudinal direction of the tube, for 5 s.
Loosen the stopper) immediately place the tube in a water­
bath, avoiding contact of the rube with the bottom or side of
the bath, and heat for 10 min. After 2 min, 4 min, 6 min
and 8 min) remove the tube from the bath and shake as
vigorously as possible) in the longitudinal direction of the
rube for 5 s. At the end of 10 min of heating) remove the
tube from the water-bath and allow to stand for 10 min.
Centrifuge at 2000 g for 5 min. The lower layer is not more
intensely coloured (2.2.2, jHethod 1) than a mixture of
0.5 mL of blue primary solution, 1.5 mL of red primary
solution, 3.0 mL of yellow primary solution and 2 mL of a
10 gIL solution of hydTQ(;hlonc acid R.

Solid paraflins
Dry a suitable quantity of the substance to be examined by
heating at 100 "C for 2 h and cool in a desiccator over

www.webofpharma.com



2022

sulfuric acidR. Place in a glass tube with an internal diameter
of about 25 mm, close the rube and immerse in a bath of
iced Water. After 4 h, the liquid is sufficiently clear for a
black line, 0.5 mm wide, to be easily seen against a white
background held vertically behind the tube.

STORAGE
Protected from light.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnatkm on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Someof thecharaaenuics described in the Functionality­
related characteristics section may also hepresent in the mandatory
part of the monograph since they also represent mandatory quality
cruetia. In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to thequalityof a medicinal product by improving the consistency
of the manufacuuing process and the performance of the medicinal
product during use. W'here «nitro! methods arecited, they are
recognised as being suitable for thepurpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reported, thecontrol method must be indicated.
Thefollowing characteristic may be relevant for li'quid paraffin
usedas emollient in ointments or as lubn·cant in tablets and
capsules.

ViSCOSity
(see Tests).
_____________________ Phf"

White Soft Paraffin
White Petroleum Jelly

(Ph. Bur. monograph 1799)
Phf" _

DEFINITION
Purified and wholly or nearly decolorised mixture of semi­
solid hydrocarbons, obtained from petroleum. It may contain
a suitable antioxidant. White soft paraffin described in this
monograph is not suitable for oral use.

CHARACTERS
Appearance
White or almost white, translucent, soft unctuous mass,
slightly fluorescent in daylight when melted.

Solubility
Practically insoluble in water, slightly soluble in methylene
chloride, practically insoluble in ethanol (96 per cent) and in
glycerol.

IDENTIFICATION
First identification: A, B, D.
Second identification: A, C, D.
A. The drop point is between 35 "C and 70 "C and does not
differ by more than 5 "C from the value stated on the label,
according to method (2.2.17) with the following modification
to fill the cup: heat the substance to be examined at a
temperature not exceeding 80 "C, with stirring to ensure
unifonnity. Warm the metal cup at a temperature not
exceeding 80 "C in an oven, remove it from the oven, place
on a clean plate or ceramic tile and pour a sufficient quantity
of the melted sample into the cup to fiji it completely. Allow

Paraffin 11-541

the filled cup to cool for 30 min on the plate or me ceramic
tile and place it in a water bath at 24-26 °C for 30-40 min.
Level the surface of the sample with a single stroke of a knife
or razor blade, avoiding compression of the sample.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Place about 2 mg on a sodium chlon·de R plate,
spread the substance with another sodium chloride R plate and
remove 1 of the plates.

Comparison Repeat the operations using white soft
paraffin CRS.

C. Melt 2 g and when a homogeneous phase is obtained, add
2 mL of waterRand 0.2 mL of 0.05M iodine. Shake. Allow
to cool. The solid upper layer is violet-pink or brown.

D. Appearance (see Tests).

TESTS
Appearance
The substance is white. Melt 12 g on a water-barn.
The melted mass is not more intensely coloured than a
mixture of 1 volume of yellow primary solution and
s volumes of a 10 gIL solution of hydrochloric ocid R (2.2.2,
MethodIf).

Acidity or alkalinity
To 109 add 20 mL of boiling water R and shake vigorously
for 1 min. Allow to cool and decant. To 10 mL of the
aqueous layer add 0.1 mL of phenolphthalein solution R.
The solution is colourless. Not more than 0.5 mL of 0.01 M
sodium hydroxide is required to change the colour of the
indicator to red.

Consistency (2.9.9)
60 to 300.

Polycyclic aromadc hydrocarbons
Use reagents for ultraviolet spectrophotometry Dissolve 1.0 g in
50 mL of hexaneR which has been previously shaken twice
with 10 mL of dimelhyl sulfoxide R. Transfer the solution 10 a
125 mL separating funnel with unIubricated ground-glass
parts (stopper, stopcock). Add 20 mL of dimelhyl 'ul/oxide R.
Shake vigorously for 1 min and allow to stand until 2 clear
layers are formed. Transfer the lower layer to a second
separating funnel. Repeat the extraction with a further 20 mL
of dimethylsulfoxide R. Shake vigorously the combined lower
layers with 20 mL of hexane R for 1 min. Allow to stand
until 2 clear layers are formed, Separate the lower layer and
dilute to 50.0 mL with dimethyl sulfoxide R. Measure the
absorbance (2.2.25) over the range 260 om to 420 om using
a path length of 4 cm and as compensation liquid the clear
lower layer obtained by vigorously shaking 10 mL of dimethyl
sulfoxide R with 25 mL of hexane R for 1 min. Prepare a
reference solution in dimethyl sulfoxide R containing 6.0 mg of
naphthalene R per litre and measure the absorbance of the
solution at the maximum at 278 run using a path length of
4 cm and dim~thyl sulfoxide R as compensation liquid. At no
wavelength in'the range 260 om to 420 run does the
absorbance of the test solution exceed that of the reference
solution at 278 run.

Sulfated ash (2.4.14)
Maximum 0.05 per cent, determined on 2.0 g.

STORAGE
Protected from light.

LABELLING
The label states the nominal drop point.
_____~ Phf"
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PhE" _

DEFINITION
Purified mixture of semi-solid hydrocarbons, obtained from
petroleum. It may contain a suitable antioxidant.

CHARACTERS
Appearance
Yellow, translucent, uncruous mass, slightly fluorescent in
daylight when melted.

Solubility
Practically insoluble in water, slightly soluble in methylene
chloride, practically insoluble in ethanol (96 per cent) and in
glycerol.

IDENTIFICATION
First idemificatkm: A, B, D.

Second identification: A, C, D.
A. The drop point (2.2.17) is 40 'C to 60 'C and does not
differ by more than 5 °C from the value stated on the label,
with the following modification to fill the cup: heat the
substance to be examined at 118-122 °C, with stirring to
ensure uniformity, then cool to 100-107 °C. Warm the metal
cup at 103-J07 °C in an 0v:en, remove it from the oven,
place on a clean plate or ceramic tile and pour a sufficient
quantity of the melted sample into the cup to fill it
completely. Allow the filled cup to cool for 30 min on the
ceramic tile and place it in a water-bath at 24-26 °C for a
further 30-40 min. Level the surface of the sample with a
single stroke of a knife or razor blade, avoiding compression
of the sample.

B. Examine by infrared absorption spectrophotometry
(2.2.24).

Preparation Place about 2 mg on a sodiumchloride R plate,
spread the substance with another sodium chloride R plate and
remove 1 of the plates.

Comparison Repeat the operations using yellow soft
paraffin CRS.
C. Melt 2 g and when a homogeneous phase is obtained, add
2 mL of waterRand 0.2 mL of 0.05 M iodine. Shake. Allow
to cool. The solid upper layer is violet-pink or brown.
D. Appearance (see Tests).

TESTS
Appearance
The substance is yellow. Melt 12 g on a water-bath.
The melted mass is not more intensely coloured than a
mixture of 7.6 volumes of yellow primary solution and
2.4 volumes of red primary solution (2.2.2, MethodII).

Acidity or alkalinity
To 109 add 20 mL of boiling waterR and shake vigorously
for 1 min. Allow to cool and decant. To 10 mL of the
aqueous layer add 0.1 mL ofphenolphthalein solution R.
The solution is colourless. Not more than 0.5 mL of O.011W
sodium hydroxide is required to change the colour of the
indicator to red.

Consistency (2.9.9)
100 to 300.

**.* ** ** ****

123-63-7132.2

(Ph. Bur. monograph 0351)

Paraldehyde

Action and use
Anticonvulsant.

Polycyclic aromatic hydrocarbons
Use reagents for ultraviolet absorption spearophotomeoy
Dissolve 1.0 g in 50 mL of hexane R which has been
previously shaken twice with one-fifth its volume of dimerhyl
sulfoxide R. Transfer the solution to a 125 mL separating
funnel with unlubricated ground-glass parts (stopper,
stopcock). Add 20 mL of dimethyl sulfoxide R. Shake
vigorously for 1 min and allow to stand until two clear layers
are formed, Transfer the lower layer to a 2nd separating
funnel. Repeat the extraction with a further 20 mL of
dimethylsulfoxide R. Shake vigorously the combined lower
layers with 20 mL of hexaneR for 1 min. Allow to stand
until 2 clear layers are formed. Separate the lower layer and
dilute to 50.0 mL with dime,hyl sulfoxide R. Measure the
absorbance (2.2.25) between 260 run and 420 run using a
path length of 4 em and using as the compensation liquid the
clear lower layer obtained by vigorously shaking 10 mL of
dimethylsulfoxide R with 25 mL of hexane R for I min.
Prepare a 9.0 mWL reference solution of naphthalene R in
dimethyl sulfoxide R and measure the absorbance of this
solution at the maximum at 278 nm using a path length of
4 em and using dimethylsulfoxide R as the compensation
liquid. At no wavelength in the range of 260 nrn to 420 nm
does the absorbance of the test solution exceed mal of the
reference solution at 278 om.

Sulfated ash (2.4.14)
Not more than 0.05 per cent, determined on 2.0 g.

STORAGE
Store protected from light.

LABELLING
The label states the nominal drop point.

PhE" ~------_-----

DEFINITION
2,4,6-Trimethyl-J,3,5-uioxane (cyclic trimer of
acetaldehyde).

It may contain a suitable quantity of an antioxidant.

CHARACTERS
Appearance
Colourless or slightly yellow, transparent liquid. It solidifies
on cooling to form a crystalline mass.

Solubility
Soluble in water, but less soluble in boiling water, miscible
with ethanol (96 per cent) and with essential oils.

__________~ PI>E"

.*.* ** ** ****
Yellow Soft Paraffin
Yellow Petroleum Jelly

(Ph. Eur. monograph 1554)

Action and use
Excipient
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IDENTIFICATION
A. Solution S (see Tests) is clear (2.2.1) but becomes turbid
on warming.

B. To 5 mL add 0.1 mL of dilute sulfuric acidR and heat.
Acetaldehyde, recognisable by its odour) is evolved.

C. To 5 mL of solution S in a test-tube add 5 mL of
ammoniacal silver niuaie solution R and heat in a water-bath.
Silver is deposited as a mirror on ~e wall of the tube.

TESTS
Solution S
Dissolve 20.0 mL in carbon dioxide-free waterR and dilute to
200.0 mL with the same solvent.

Acidity
To 50.0 mL of solution S add 0.05 mL of phenolphthalein
solution R. Not more than 1.5 mL of O. J Al sodium hydroxide
is required (0 change the colour of the indicator.

Refractive index (2.2.6)
1.403 to 1.406.

Relative density (2.2.5)
0.991 to 0.996.

Distillation range (2.2.11)
A maximum of 10 per cent distils below 123 DC and a
minimum of 95 per cent distils below 126°C.

Freezing point (2.2.18)
10 "C to 13 "C.

Acetaldehyde
To 5.0 mL add a mixture of 0.2 mL of meliryl orange
solution R, 5 mL of ethanol (60 pereen' VIIQ Rand 5 mL of
akoholic hydroxylamine sdution R and shake. Not more than
0.8 mL of 0.5 M sodium hydroxide is required to change the
colour of the indicator to pure yellow.

Peroxides
Place 50.0 mL of solution S in a ground-glass-stoppered
flask, add 5 mL of dilute sulfuric acidR and 10 mL of
potassium iodide solution R, close the flask and allow to stand
protected from light for 15 min. Titrate with 0.1 M sodium
thiosulfate using I mL of starch solutWn R as indicator. Allow
to stand for 5 min and, ifnecessary complete the titration.
Not more than 2.0 mL of 0.1 Al sodium thiosulfate is
required.

Non-volatile residue
Maximum 0.6 gIL.

Heat 5.0 mL in a tared evaporating dish on a water-bath and
dry at 105 °C for I h. The residue weighs a maximwn of
3 mg.

STORAGE
In a small, well-filled, airtight container, protected from light.
If the substance has solidified the whole contents of the
container must be liquefied before use.
____________________ PhE,;

Parnaparin Sodium II-543

Parnaparin Sodium
(ph. Ellr. monograph 1252)

0,
S03Na

n=11021 ,R=HOfS03Na. R'=S03NaorCO-CH3
R2 = H and R3 = COt:Na or R2 = C02Naand R3 = H

Action and use
Low molecular weight heparin.

PhE" _

DEFINITION
Sodium salt of a low-molecular-mass heparin that is obtained
by radical-catalysed depolymerisation, with hydrogen
peroxide and with a cupric salt, of heparin from porcine
intestinal mucosa. The majority of the components have a
2-Q-sulfo-a-L-idopyranuronic acid structure at the non­
reducing end and a 2-NJ6-0-disulfo-D-glucosamine structure
at the reducing end of their chain.

Pamopatin sodium complies with the monograph Low-molecular­
masshepanns (0828), with the modifications and additional
requirements below.
The mass-average relative molecular mass ranges between
4000 and 6000 with a characteristic value of about 5000.

The degree of sulfatation is 2.0 to 2.6 per disaccharide unit.

The potency is not less than 75 IU and not more than
110 IV of anti-factor Xa activity per milligram calculated
with reference to the dried substance. The ratio of anti-factor
Xa activity to anti-factor ITa activity is between 15 and 3.0.

IDENTIFICATION
Carry out identification test A as described in the monograph
Lou-molecular-moss heparins (0828) using pamapasin
sodium CRS.
Carry out identification test C as described in the monograph
Low-molecular-mass heparins (0828). In order to verify the
suitability of the system in the lower molecular mass ranges
(for example .i\tIr 2000), a suitable reference preparation is
used. The following requirements apply.

The mass-average relative molecular mass ranges between
4000 and 6000. The mass percentage of chains lower than
3000 is not more than 30 per cent. The mass percentage of
chains between 3000 and 8000 ranges between 50 per cent;
and 60 per cent.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Ys (2.2.2.J Memod II).

Dissolve 1.5 g in 10 mL of water R.
____________________ PhE"
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Phf" _

Paroxetine Hydrochloride

Action and use
Selectiveserotonin reuptake inhibitor; antidepressant.

Preparation
Paroxetine Tablets

Column:
- size: 1= 0.10 m, 0 = 4.0 mm;
- stationary phase: C(,-add-glycopwuin silica gelfor chiral

separation R (5 pm);
- temperature: 30 °C.

Mobile phase Dissolve 8.7 g of dipotassium hydrogen
phosphate R in 1000 mL of waterfor chromatography Rand
adjusr to pH 6.5 with phosphoric acidR; mix 930 mL of this
solution and 70 mL of acetonitrile R.
Flow rare 0.9 mUmin.

Detection Spectrophotometer at 295 nrn.
Inj«lion 20 IJLof the test solutionand reference
solutions (b) and (c).

Run lime 2.5 times the retention time of paroxetine.
Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peakdue to

impurity D.

RelaN"ve retention With reference to paroxetine (retention
time =about 13 min): impurity D =about 0.7.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 2.0, where Hp = height

above the baselineof the peakdue to impurity D and
H v = height above the baselineof the lowestpoint of the
curve separating this peakfrom the peakdue to
paroxetine,

Limit:
- impun'ty D: not more than twice the area of the principal

peak in thechromatogram obtained withreference
solution (c) (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvenr mixture teirabydrcfuran R, waler R (10:90 VIJI).

Testsolution Dissolve 50.0 mg of the substance to be
examined in the solventmixture and diluteto 50.0 mL with
the solvent mixture.
Reference solution (a) Dilute 5.0 mL of the test solution to
50.0 mL with the solvent mixture.
Reference sohuion (b) Dissolve 5.0 mg of anhydrous paroxetine
hydrochloride impun'ty H CRS in 25 mL of tetrahydrofuran R
and dilute co 50.0 mL with wolerR.
Reference solution (c) Dissolve 5.0 mg of anhydrous paroxetine
hydrochloride impurity C CRS in 25 mL of tetrahydrofuran R
and dilute ro 50.0 mL with waterR.
Reference solution (d) To 5.0 mL of reference solution (a)
add 1.0 mL of reference solution (b) and dilute to 100.0 mL
with the solvent mixture.

Reference solutWn (e) To 5.0 mL of reference solution (a)
add 5.0 mL of reference solution (b) and 5.0 mL of
reference solution (c). Dilute to 100.0 mL with the solvent
mixture. Dilure 1.0 mL of this solution to 10.0 mL with the
solvent mixture.
Reference solution (f) Dissolve 2.5 mg of paroxedne
impun·ty E CRS in the solvent mixture, add 2.5 mL of the
test solution and dilute to 100 mL with the solventmixture.
Reference solution (g) Dissolve 5 mg of paroxetine
impurity A CRS in the solventmixture and dilute to 50 mL
with the solvent mixture. Use this solution to identify the
peakdue to impurity A.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- suuionosy phase: end-copped octy/si/yl SIlica gelfor

chromatography R (5 urn);

78246-49-8

. Her

365.8

F~

0 H

°O;;t)H< I H
o -'"

Anhydrous Paroxetine HydrocWoride
(Ph. Bur. monograph 2283)

DEFINITION
(3S,4R)-3-[[(1,3-Benzodioxol-5-yl)oXYlmethyI1-4-(4­
lluorophenyl)piperidine hydrochloride.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
Impurlty G
Maximum 1 ppm, determined by a suitable validated
method.

CHARACTERS
Appearance
White or almostwhite, hygroscopic, crystalline powder.

Solubility
Slightly soluble in water, freelysoluble in methanol, sparingly
soluble in anhydrous ethanol and inmethylene chloride.
Ir shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison anhydrous poroxedne hydrochloride CRS.
If the spectra obtained in the solid state show differences,
mix 1 partof the substance to be examined and 1 part of the
reference substance separately with 30 parts of anhydrous
acetone R and heat to boiling to dissolve. Recrystallise and
record new spectra using the residues.
B. Water (see Tests).

C. Dissolve 20 mg in 2 mL of methanol R. The solutiongives
reaction (a) of chlorides (2.3.1).

D. Enantiomeric purity (see Tests).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in 5 mL of methanol R and dilute to 50.0 mL with
the mobilephase.
Reference solution (a) Dissolve 5.0 mg of paroxetine
impurity D CRS in 2 mL of merhanol Rand dilure to
50.0 mL with the mobile phase.

Reference solution (b) Dilute I mL of reference solution (a>
to 10 mL with the test solution.
Reference sdutlon (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.
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- temperature: 40°C.

Mobile phase:
- mobile phaseA: trijluoroacetk acid R, telrahydrofuran R,

water for chromatography R (0.5: 10:90 ViVlr--);
- mobile phase B: tnfiuoroacetic add R, tetrahydrofuran R,

acetonitrile R (0.5:10:90 ViVlr--);

Thne Mobile phllSe A Mobile phase B
(min) (per cent VIP) (per cent JIm
0-30 80 20
30 - 50 80 --> 20 20 ..... 80

50 - 55 20 80

Flew rate 1.0 mUmin.

Detection Spectrophotometer at 295 om.

Injection 20 J.1L of the test solution and reference
solutions (d), (e), (f) and (g).

Relative retention With reference to paroxetine (retention
time =about 28 min): impurityA = about 0.8;
impurity E =about 0.9; impurity C =about 1.5.
Relative retention With reference to impurity C:
impurity F = about 0.97; impurity J = about 1.02.
System suitabIlity:
- resolution: minimum 3.5 between the peaks due to

impurity E and paroxetine in the chromatogram obtained
withreference solution (f);

- signal-to-noise ratio: minimum3 for the peakdue to
paroxetine in the chromatogram obtained with reference
solution (e).

Limits:
- COT1Ulion factors: for the calculation of content, multiply

the peakareas of the following impurities by the
corresponding correction factor: impurity C = 1.6;
impurity F =1.7; impurity J =1.3;

- impun·ly A: not more than 0.6 times the area of the peak
due to paroxetine in the chromatogram obtained with
reference solution (d) (0.3 per cent);

- impurities CJ F)]: for each impurity, not more than
0.2 times the areaof the peakdue to paroxetine in the
chromatogram obtainedwith reference solution (d)
(0.1 per cent);

- unspecified impurities: for each impurity, not more man
0.2 times the area of the peakdue to paroxetine in the
chromatogram obtainedwith reference solution (d)
(0.10 per cenr);

- total: not more than the area of the peakdue to
paroxetine in the chromatogram obtained with reference
solution (d) (0.5 per cent);

- disregard limit: the area of the peakdue to paroxetine in
the chromatogram obtainedwithreference solution (e)
(0.05 per cent).

Impurities H and I
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Detection Spectrophotometer at 263 run.
Injeaion Test solution and reference solutions (d) and (e).

Relative retention With reference to paroxetine (retention
time = about 28 min): impurity J = about 0.2;
impurity H = about 0.4.

System suitability Reference solution (e):
- signal-to-noise ratio: minimum 3 for the peakdue to

impurity H.

Paroxetine Hydrochloride II-545

Limits:
- impurities H, 1: for each impurity, not more than the area

of the peakdue to impurity H in the chromatogram
obtainedwith reference solution (d) (0.1 per cent).

Acetone (2.4.24, System B)
Maximum3.5 per cent.

2-PropanoI (2.4.24, Syuem B)
Maximum 4.3 per cent.

Water (2.5.12)
Maximum 1.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent
Reference solution (a) Dissolve 51.2 mg ofparoxetine
hYdrochloride hemihydrale CRS in waterR and dilute to
100.0 mL with the same solvent.
Reference solution (b) Dissolve 5 mg of paroxetine
hydrochloride hemihydrate CRS and 5 mg of paroxetme
inlpun',y A CRS in walerR and dilute to 10 mL with the
same solvent.
Column:
- size: I =0.25 m, '1 =4.6 mm;
- stationary phase: trimethylsilyl silica gelfor chromatography R

(5 urn).

IHobi/e phase Dissolve 3.85 g of ammonium acetateR in water
for chromatography R, adjust to pH 5.5 with anhydrous acetic
acidR and dilute to 600 mL with waterfor chromatography R;
add 400 mL of acetonitrile R; slowly add, with stirring, 10 mL
of triethylamine Rand adjust to pH 5.5 with anhydrous acetic
acid R.
Flow rale I mlJntin.

Detection Spectrophotometer at 295 nm.
Injectimt I0 ~L.

Run time Twice theretention time of paroxetine.
Identification of impuriiies Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.
Relau've retention With reference to paroxetine (retention
time = about 8 min): impurity A = about 0.9.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaksdue to

impurity A and paroxetine.
Calculate the percentage content ofCI9H21ClFN03 using
the chromatogram obtained withreference solution (a) and
taking into account the assigned contentof paroxaine
hydrochloride hemihydrate CRS.

STORAGE
In an airtight container, at a temperature not exceeding
25 "C.

IMPURITIES
Specified impurities A, C) D) F, G, It 1)J.
Otherdetectable impurities (thefollowing substanaswould, if
present at a sufficient level, be daeaed by oneor other of thetests
in themonograph. They are limitedby the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substanas for pharmaceutical use (2034). It is
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II-546 Paroxetine Hydrochloride Hemihydrate
2022

therefore not necessary to idemify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
ill substances for phamraceutical use) BJ E.

A. (3S,4R)-3-[[(I,3-benzodioxol-S-yl)oxy)methyll-4­

phenylpiperidine (defluoroparoxetine),

H. [(3S,4R)-I-benzyl-4-(4-fluorophenyl)piperidin-3-yll

methanol,

FDI H
A""'h
HO~NH

H

I. [(3S,4R)_4_(4_fluorophenyl)piperidin-3-yl)methanol,

F

B. 1,3-benzodioxol-5-oJ (sesamol),

F~

v···h f'l
°OO~N~< I it
o "'"

C. (3S,4R) -3-[ [(1,3-benzodioxol-S-yl)oxyImethyl]-l-benzyl-4­
(4_fluorophenyl)piperidine (N-benzylparoxetine),

F%""I "'" ~000............ 1 NH

< I H
o "'"

D. (3R,4Sj-3-[[(1,3-benzodioxol-S-yljoxylmethyl)-4-(4­
fluorophenyl)piperidine «+)-trans-paroxetine),

I "" H

oo:;OH< I H
o "'"

J. (3S,4R)-3-[[(1,3-benzodioxol-S-yl)oxyImethyll-4-(4'­
fluoro[1,I '-biphenyl)-3-yl)piperidine.

__________________ 1'1>£"

Paroxetine Hydrochloride
Hemihydrate
(Ph. Bur. monograph 2018)

F~

V H

°O~:::OH< I H
o "'"

andenantiomer

F~

V H

OO:;OH
< I H
o "'"

. Hel . '/1H:P

Ph£" ~ _

Action and use
Selective serotonin reuprake inhibitor; antidepressant.

DEFINITION
(3S,4R)-3-[[(1,3-Benzodioxol-S-yl)oxyJmethyll-4-(4­
fluorophenyl)piperidine hydrochloride hemihydrate.

Content
97.5 per cent to 102.0 per cent. (anhydrous substance).

PRODUCTION
Impurity G
Maximum 1 ppm, determinedby a suitable, validated
method.

CHARACTERS
Appearance
White or'almost white, crystalline powder.

Il0429-35-1374.8E. (3RS,4RSj_3_[[(I,3_benzodioxol_S_yl)oxy)methyll-4-(4­

fluorophenyl)piperidine (ciS-paroxetine),

G. 4-( 4-fluorophenyl)-I-methyl-I,2,3,6-letrahydropyridine,

O··h f'l
°OO~N~< I H
o "'"

F. (3S,4R)-3- [[(1,3-benzodioxol-S-yl)oxyImethyl)-I-benzyI-4­
phenylpiperidine (N-benzyldefluoroparoxetine),
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Solubility
Slightly soluble in water, freely soluble in methanol, sparingly
soluble in ethanol (96 per cent) and in methylene chloride.

It shows pseudopolymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison paroxetine hydrochloride hemihydrate CRS.
If the spectra obtained show differences, dissolve 1 part of
the substance to be examined and 1 part of the reference
substance separately in 10 parts of a mixture of 1 volume of
waterRand 9 volumes of 2-propatlol R and heat to 70°C to
dissolve. Recrystallise and record new spectra using the
residues.
B. Enantiomeric purity (see Tests).

C. Water (see Tests).

D. Dissolve 21 mg in 2 mL of methanol R. The solution gives
reaction (a) of chlorides (2.3.1).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in 20 mL of methanol R and dilute to 100.0 mL
with the mobile phase.

Reference solution (a) Dilute 1.0 mL of the {est solution (0

100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution £0 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of paroxetine
impurityD GRS and 5 mg ofporoxetine hydrochloride
hemihydrate GRS in 2 niL of methanol R and dilute [Q

100 mL with the mobile phase.

Go/umn:
- size: 1= 0.10 m, 0 = 4.0 nun;
- stationary phase: aracid-glycqprote;n silka gelfor chiral

separation R (5 urn).

Mobilephase Mix 2 volumes of methano/ Rand 8 volumes
of a 5.8 gIL solution of sodium chloride R.
Flow rate 0.5 mUntin.
Detection Spectrophotometer at 295 nm.

Injection 10 ~L.

Run time 2.5 times the retention time of paroxetine.

Ideruifiouion of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity D.

Relativeretention With reference to paroxetine (retention
time =about 30 min): impurity D =about 0.4.

System suitability Reference solution (b):
- resolution: minimum 2.2 between the peaks due to

impurity D and paroxetine.

Limit:
- impurity D: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

So/vent mixture t<trahydrofuran R, waterR (10:90 VIV).

Testsolution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Reference solution (a) Dilute 5.0 mL of the test solution to
50.0 rnL with the solvent mixture. Dilute 2.0 mL of this
solution to 200.0 mL with the solvent mixture.

Paroxetine Hydrochloride Hemihydrate 11-547

Reference solution (b) Dissolve the contents of a vial of
paroxetine for ~tem suitability CRS (containing impurity C) in
1 mL of the solvent mixture.

Reference solution (c) Dissolve 2 mg of paroxetine
impuniy A GRS in the solvent mixture and dilute to 20 rnL
with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-copped otlylsi/yl silica gelfor

chromatography R (5 pm):
- temperature: 40°C.

Mobile phase:
- mobile phase A: trijluoroacetic acidR, tetrahydrofuran R,

waterfor chromatography R (0.5: 10:90 VIVIV);
- mobile phaseB: tnftuoroacetic acidR) tetrahydrofuran R)

acetonitrile R (0.5:10:90 VIVIV);

Tim, M.obUe phase A Mobile phose B
(min) (per cent VIP) (per cent VIJI)

0-30 80 20

30 - 50 80 ---> 20 20 ---> 80

50·60 20 80

Flow rate 1 mUntin.

Detection Spectrophotometer at 295 om.

Injection 20 ~L.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity A; use the chromatogram supplied with paroxaine
for system suitability CRS and the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity C.
Relative retention With reference to paroxetine (retention
time ;:: about 28 min): impurity A =about 0.8;
impurity C =about 1.2.

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

paroxetine and impurity C.

Limits:
- impuniy A: not more than 3 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent):

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
2.2 per cent to 2.7 per cent, determined on 0.300 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 100.0 mL with the same
solvent.
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Reference solution (a) Dissolve 50.0 mg of paroxetine
hydrochloride hemiaydrate CRS in walerR and dilute to
100.0 mL with the same solvent.
Reference solution (b) Dissolve 5 mg ofparoxetme
hydrochloride hemihydrate CRS and 5 mg of paroxetine
impuri/)! A CRS in walerR and dilute to 10 mL with the
same solvent.

Column:
- size: I == 0.25 m, 0 :::: 4.6 mm;
- stationary phase: lrimerhy/si/y/ silica gelfor chromarography R

(5 prn).

Mobile phase Dissolve 3.85 g of ammonium acetate R in water
for chromarography R, adjust to pH 5.5 with anhydrous acetic
acid R and dilute to 600 mL withwaterfor chromatography R;
add 400 mL of acetonitrile R; slowlyadd) with stirring) 10 mL
of m"ethylamine R and readjust to pH 5.5 with anhydrous
acetic acidR.
Flaw rate I mUmin.
Detecuon Spectrophotometer at 295 nm.

Injection I0 ~L.

Run time Twice the retention time of paroxetine.

kientifiauion of impun"cies Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.
Re/ative retention With reference to paroxetine (retention
time =about 8 min): impurity A =about 0.9.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaksdue [Q

impurity A and paroxerine.

Calculate the percentage content of CI9H21ClFN03 using
the chromatogram obtained with reference solution (a) and
taking into account the assigned content of poroxetine
hydrochloride hemihydrate CRS.

STORAGE
Protected from light.

IMPURITIES
Spe<ified impurities A, D, G.
Otherdetectable impuruies (the fol/awing subslances would, if
present at a sufficient level, be deteaed by one or other of the uses
in the monograph. They are limited by thegeneral acceptance
criterion for otherlunspedfied impurities and/or by thegeneral
monograph Substances for pharmacenrica/ use (2014). It is
therefore not nuessaryto identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
insubstances for pharmaceutical use) B, 0, E, F.

A. (3S,4R)-3- [[( 1,3-benzodioxol-5-yl)oxy]methyl)-4­
phenylpiperidine (defluoroparoxetine),

2022

H'CODI H

/'··h
0X)0~NH< I H
o ""

B. (3S,4R)-3-[[(1,3-benzodioxol-5-yl)oxy)methyl]-4-(4­
methoxyphenyl)piperidine,

c. (3S,4R) -3- [[(1,3-benzodioxol-5-yl)oxy]methyl)-4-(4­
erhoxyphenyl)piperidine,

Fn~/'-­

oX)v~..tJH
< H

o ""

D. (3R,4S)-3-[[(1,3-benzodioxol-5-yl)oxy]methyl)-4-(4­
lluorophenyl)piperidine «+)-trans-paroxetine),

andenanUomer

E. (3RS,4RS)-3-[[(1,3-benzodioxol-5-yl)oxy]methyl)-4-(4­
lluorophenyl)piperidine (cis-paroxetine),

9H H~H .. H"" .,. ""
(') ··H H: I

FAJ~OI:: F
'" Io 0

'---0 0-./

F. 3,3'-[methylenebis(1,3-benzodioxole-6,5­
diyloxymethylene)]bis[(3S,4R)-4-(4-11uosophenyl)
piperidine],

G. 4-(4-11uorophenyl)-I-methyl-l,2,3,6-tetrahydropyridine.
___________________ PhE>I
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PhE<r _

1.4

1.8

2.4

Correction factor

0.2

0.3

0.5

0.8

I

1.7

1.8

2.4

3.5

ApproxJmate relative
retention

TESTS
Solutiou S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
10.0 mL with the same solvent.

Appearance of solution
Examined within 1 h after its preparation, solution S is not
more opalescentthanreference suspension II (2.2.1) and not
more intensely coloured than intensity 3 of the range of
reference solutionsof the most appropriate colour (2.2.2,
Method If),

pH (2.2.1)
3.5 to 4.5.

Dilute J mL of solution S to 10 mL with. carbon dioxide-free
water R.
Related substances
Liquid chromatography (1.1,29),

Test solution Dissolve 20.0 mg of the substance to be
examinedin the mobilephaseand dilute to 100.0 mL with
the mobile phase.
Reference SOIUIWn (a) Dissolve 5.0 mg of pejloxacin
impnrily B CRS in the mobile phase and dilute to 50,0 mL
with. the mobile phase. Dilute J.O mL of the solution to
100,0 mL with the mobile phase, In 2,0 mL of this solution,
dissolve the contents of a vial of pefloxacin impuni:y C CRS.
Reference solution (b) Dissolve 10,0 mg of notfioxacin
impnrityA CRS (impnrity F) in the mobile phase and dilute
to 100,0 mL with the mobile phase, Dilute 1,0 mL of this
solution to 100,0 mL with the mobile phase,

Column:
- size: 1=0.15 m, 0 =6 mrn;
- srarionary phase: o<tadecylsilyl vinyl polymer for

chromatography R (5 1'IIl).

Mobl7e phase Mix 30 volumes of acetonitrile R, 70 volwnes
of a solution containing 2.70 gIL of ut}11n;methylammonium
bromide R and 6,18 gIL of boric acidR (exactly adjusted to
pH 8.30 with 1 M sodium hydroxide), and 0.2 volumes of
thiodiethylene glycol R.

Flowrate 1 mUmin.

Detection Spectrophotometer at 258 om and at 273 om.

Injection 20 ~L.

Run time 4 times the retention time of petloxacin (about
60 min).

Relative retentions and correaion facum:

Detection Spraywith a 0.4 gIL solutionof bromocresol
pllrple R in ethanol(50 per cent VIY,J R, adjusted to pH 10
using 1 AI sodium hydroxide.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtainedwith the
reference solution.

Impurity E

ImpurityD

ImpurityA

Impurity G

Peftoxacin

ImpurityC

Impurity B

ImpurityH

Impurity F

149676-40-4465.5

Action and use
Antibacterial.

DEFINITION
1-Ethyl-6-lluoro-7-(4-methylpiperazin-I-yl)-4-oxo-1,4­
dihydroquinoJine-3-carboxylic acid methanesulfonate
dihydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance),

PRODUCTION
It is considered that alkyl methanesulfonate estersare
genotoxic and are potential impurities in peftoxacin mesilatc
dihydrate. The manufacturing process should be developed
taking into consideration the principles of quality risk
management, together with considerations of the quality of
starting materials, process capability andvalidation.
The general methods 1.5,17, Methyl, ethyland isopropyl
methanesulfonate in methanesulfonie acid, 2.5.38. Methyl, ethyl
and isopropyl methanesulfonate in active substances and 2.5.39.
Methanesuf/ony/ chloride in methanesvlfonic addareavailable to
assist manufacturers.

CHARACTERS
Appearance
Fine, white or almostwhitepowder.

Solublllty
Freelysoluble in water, slightly soluble in ethanol
(96 per cent), very sligbtly soluble in methylene chloride,

IDENTIFICATION
A, Infrared absorption spectrophotometry (1.2.14).

Preparation Dissolve 0.1 gin 10 mL of waterR. Add 5 mL
of 1 M sodium hydroxide, Adjnst to pH 7,4 ± 0,1 with
phosphoric acid R and shakewith 2 quantities, each of 30 mL,
of methylene chloride R. Combinethe organic layers and dry
over anhydrous sodium sulfate R. Evaporate to dryness.
Examine the residue as a disc of potassium bromide R.
Comparison Repeat the operations using0.1 g of pefioxadn
mesilate dihydrate CRS,

B, Thin-layer chromatography (1,1,17),

Test solution Dissolve 40 mg in waterR and dilute to I mL
with the same solvent.
Reference solution Dissolve 60 mg of methanesulfonic acid R in
water R and dilute to 10 mL with the same solvent.
Plate TLC siliea gelplateR.

klobiJe phase waterR, ammonia R, butanol R, acetone R
(5:10:20:65 VIVIVW),

ApplirorWn I 0 ~L.

Development Over a path of 15 em.
Drying In air,

(Poftoxacin Mesilate Dihydrate, Ph. Eur. monograph
1460)

H'C'Nl (CH'

~ND0"r I I ' H,C-SO,H,

F ~ C0:2H

o

Pefloxacin Mesilate
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System suitability Reference solution (a) at 273 run:
- resolution: minimum 1.5 between the peaks due to

impurities C and B.
From the chromatogram obtained at 258 nm with the test
solution, calculate the percentage content of impurities C, F,
G and H using the area of the principal peak in the
chromatogram obtained at 258 nm with reference
solution (b) (external standardisation) taking into account the
correction factors indicated in the table.
From the chromatogram obtained at 273 runwith the test
solution, calculate the percentage content of impurities A, B,
D and E and of any other impurity from the areas of the
peaks in the chromatogram obtainedwith the test solution by
the normalisation procedure.
Limits:
- impurities A, B, D, E and any otherimpuniy at 273 nm and

impurities C, F, 0, Hat 258 nm: for each impurity,
maximum 0.5 per cent and not more than 3 impurities
have a content between 0.2 per cent and 0.5 per cent;

~ total: maximum 1.0 per cent;
- disregard limit at 273 nm: 0.0005 times the area of the

principal peak in the chromatogram obtainedwith the test
solution (0.05 per cent).

Water (2.5.12)
7.0 per cent to 8.5 per cent, determined on 50.0 mg using a
mixture of 10 volumes of methanol R and 50 volumes of
methylene chloride R.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 15.0 mL of anhydrous acetic acidR and
add 15.0 mL of acetic anhydride R. Titrate with 0.1 M
perchlonc add. determining the end-point potentiometrically
(2.2.21J).

I mL of 0.1 M perchkJric acid is equivalent to 21.48 mg
of C 1sH24FN, O. S.

STORAGE
In an airtight container, protected from light.

IMPURITIES
SpeaJied impuniies A, B, C, D, E} F, G} H.

A. l-ethyl-6-ftuoro-4-oxo-1-(piperazin-I-yl)-1,4­
dihydroquinoline-3-carboxylic acid (demethylated
pefloxacin or nortloxacin),

B. 6-chloro-I-ethyl-1-(4-methylpiperazin-I-yl)-4-oxo-I,4­
dihydroquinollne-S-carboxyllc acid (chlorinated
homologue of pefioxacin),

2022

C. l-ethyl-6-ftuoro-5-(4-methylpiperazin-I-yl)-4-oxo-l,4­
dihydroquinoline-3-carboxylic acid (isopefloxacin),

D. 4-(3-carboxy-l-ethyl-6-ftuoro-4-oxo-1,4-dihydroquinolin­
1-yl)-I-methylpiperazine I-oxide (N-oxide of peftoxacin),

E. l-ethyl-6-fluoro-1-(4-methylpiperazin-I-yl)quinoline-4
(IH)-one (decarboxylated pefloxacin),

F. 1-chloro-l-ethyl-6-fluoro-d-oxo-I ,4-dihYdroquinoline-3­
carboxylic acid (N-ethyl acid) (norlloxacin impurity A),

("'
CIX)QyN

""I lOCHF ~ ,

o 0

G. ethyl 1-ehloro-I-ethyl-6-ftuoro-4-oxo-I,4­
dihydroquinoline-3-carboxylate (N-ethyl ester),

H. 5-chloro-l-ethYI-6-ftuor0-4-oxo-l,4-dihydroquinoline,3­
carboxylic acid (iso-N-ethyl acid).

_____~ PhE,;
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Time Mobile phase Rinsing solution A RInsing soludon B
(min) (per cent VIJI) (per cent VIP) (per cent VfII)

, 0 -" 100 --t 0 o --t 50 o --t 50,
4-9 0 50 50

9·14 0 50 --t to 50 --t 90

14 - 54 0 10 90

54·69 0 to --t 95 90 --t 5

69· too 0 95 5

phosphoric acidR. Dilute to 1000 mL with waterfor
chromarography R.

Test solution Dissolve 12 mg of the substance to be
examined in waterfor chromatography R and dilute to
50.0 mL with the same solvent.

Reference solution (a) Dissolve 6 mg ofpemetreXedfor system
,uiUlbility CRS (containing impurity E) in waterfor
chromatography R and dilute to 25.0 mL with the same
solvent.

Reference solucion (1)) Dilute 1.0 mL of the test solution to
100.0 mL with waterfor chromarography R. Dilute 3.0 mL of
this solution to J0.0 mL with waterfor chromatography R.

Column:
- size: I =0.25 m, 0 =4.6 mrn;
- stationary phase: octad«y/silyl silica gelfor chromarography R

(5 urn) with a pore size of 12 nm;
- temperature: 40 "C.

Mobile phase aceroninile R, solution A (5:95 VIV).

Flo1» rate 1.0 mUmin.

Daeaion Spectrophotometer at 230 run.

Injection 50 f1L.
Run time 1.5 times the retention time of pemetrexed.

Relative retention With reference to pemetrexed (retention
time =about 30 min): impurity E =about 0.94.

System suitability:
- symmetryfactor: maximum 2.0 for the principal peak in

the chromatogram obtained with reference solution (b);
- peak-to-valley ratio: minimwn 5.0, where Hp = height

above the baseline of the peak due to impurity R and
H(I= height above the baseline of the lowest point of the
curve separating this peak from the peak due to
pemetrexed in the chromatogram obtained with reference
solution (a).

Calculation of percentage contents:
- for impurity E) use the concentration of pemetrexed

disodiwn heptahydrate in reference solution (b).

Limu:
- impun'ty E: maximum 0.3 per cent.

Column rinse: the following program isgivenfor informacion only.

Use a gradient column rinse before column storage or after
30 sample injections to avoid build-up on the column. H a
drifting baseline is observed, allow additional time for
equilibration with the mobile phase. If a blank chromatogram
exhibits broad humps, perform a gradient column rinse.

Rinsingsolucion A waterfor chromaUlgraphy R.

Rinsingsolution B acetonitrile R t.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before useor store them at 2-8 °C for not more than
24h.

157166-29-1597.5

Pemetrexed Disodium
Heptahydrate
(Ph. Bur. monograph 2617)

Action and use
Thymidylate synthetase inhibitor; cytostatic.

PhE" _

DEFINITION
Disodium (2S)-2-[[4-[2-(2-amino-4-oxo-4,7-dihydro-IH­
pyrrolo[2,3-djpyrimidin-5-yl)ethyl]benzoyl]
aminojpentanedioate heptahydrate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solublllty
Freely soluble in water, very slightly soluble in anhydrous
ethanol, practically insol~ble in methylene chloride.

IDENTIFICATION
Carry out either tests A, C, D, E or tests B, C, D, E.

A. Infrared absorption spectrophotometry (2.2.2if).

Comparison pemetrexed disodium heptahydrau CRS.

B. Nuclear magnetic resonance spectrometry (2.2.11).

Prepararion 25-50 mg/ml; solution in deuterium oxide R.

Comparison Solution of equal concentration of pemetrexed
disodium hepUlhydrate CRS in deuterium oxide R.

Results The IH NMR spectrum obtained is qualitatively
similar to the IH NMR spectrum obtained with pemetrexed
disodium heptahydrate CRSi disregard the peak located at
approximately 5.0 ppm for the comparison.

C. It gives reaction (a) of sodium (2.1.1).

D. Enantiomeric purity (see Tests).

E. Water (see Tests).

TESTS
Solution S
Dissolve 0.56 g in carbon dioxide-free water R and dilute to
10.0 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution GY, or Y, (2.2.2, Method lI).

pH (2.2.1)
7.5 to 8.4 for solution S.

Enantiomeric purity
Liquid chromatography (2.2.29). Prepare the solurions
immediately before use or stare them at 2-8 °C for not more than
24 h.
Solucion A Dissolve 8 g of ft-cydodextrin R in 900 mL of
waterfor chromarography R. Add 15 mL of triethylamine R
then 6 mL of phosphori< add R and adjust to pH 6.0 with
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o

ASSAY
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use or store them at 2-8 °C for not more than
24h.
Aceta" buffer Mix 1.7 mL of glacial acetU: acid R and
900 mL of waterfor chromatography R, adjust to pH 5.3 with
a 760 gIL solution of sodium hydroxide R in waterfor
chromatography R and dilute to 1000 mL with waterfor
chromatography R.
Test soluticn Dissolve 30.0 mg of the substance to be
examined in waterfor chromatography R and dilute to
200.0 mL with the same solvent.

Reference solution Dissolve 30.0 mg of pemetrexed disodium
heptahydrate CRS in waterfor chromatography R and dilute to
200.0 mL with the same solvent.

Column:
- 'size: I:::: 0.15 m, 0 :::: 4.6 mm;
- stationary phase: base-deactivated octylsilyl siliox gelfor

chromatography R (3.5 urn);
- "mperature: 30 °C.

Mobile phase acetonitrile R, acetate buffer (11 :89 VIII).

Flew ra" 2.0 mUmin.

Detection Spectrophotometer at 285 run.

Injection 20 ~L.

Run time Twice the retention time of pemetrexed (retention
time ;;;; about 3 min).

Calculate the percentage content of C2oH19N5Na206 taking
into account the assigned content of pemetrexed disodium
heptahydrate CRS.

IMPURITIES
Specified impurities A, D, E.
OtherdeI<Ctob/e impurities (thefollowing substonces would, if
present at a sufficienllevelJ bedetected by oneor otherof the tests

in the monograph. They are limited by the general acceptance
crnetion for otherlunspecJped impunues andlorby thegeneral
monograph Substances for phawaceutU:al use (2034). I, is
therefore not neussary to identify these impurities for
demonstration 0/ compliance. See also 5.10. Control of impun'lies
in substances for pharmaceutical use) BJ C.

H~) N"KY"
HOC')--

2 H
o # 0

A. (2S)-2-[[4-[2-(2-amino-I-methyl-4-oxo-4,7-dihydro-IH­
pyrrolo[2,3-djpyrimidin-5-yl)ethyl]benzoyljamino)­
pentanedioic acid,

B. (2S,2'S)-2,2'-[[(5R)-2,2'-diamino-4,4' ,6-nioxo­
1,4,41,6,7,7'-hexahydro-I"H,5H-5,6 1-bipyrrolo[2,3-dj
pyrimidine-5,5'-diyljbis(ethylenebenzene-4,1­
diylcarbonylimino)]dipenranedioic acid,

Tbn, MobUe phose A MobUe phase B
(min) (per cent VJ1I) (per cent V/V)

0-3 100 0

3 - 45 100 ---> 0 0 ..... 100

Solution A J.45 gIL solution of ammonium formate R in
waterfor chromatography R, adjusted to pH 3.5 with anhydrous
formic add R.

Test solution Dissolve 20 mg of the substance to be
examined in waterfor chromatography R and dilute to
100.0 mL with the same solvent.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with wa"r for chromatography R. Dilute 1.0 mL of
this solution [0 10.0 mL with water for chromawgraphy R.

Reference solution (b) In order to prepare impurities Band C
in situ, dissolve 30 mg of the substance to be examined in
10.0 mL of a 4.0 gIL solution of sodium hydroxide R, heat at
70 °C for 40 min and allow to cool. Dilute 1.0 mL of the
solution to 10.0 mL with waterfor chromatography R.
Reference solution (c) Dissolve the contents of a vial of
pemeuexed impwity mixture CRS (impurities A and D) in
1.0 mL of waterfor chromarography R.
Column:
- size: 1= 0.15 ill, 0 =4.6 mm;
- srationary phase: base-ikacliva..a oaylsi(y/ silica gelfor

chromatography R (3.5 gm).

Mobile phase:
- mobile phase A: acetonirri/e R, solution A (5:95 VII');
- mobile phase B: acetonitrile R) solution A (30:70 VIV);

Flowra" 1.0 mUmin.

Detection Spectrophotometer at 250 om.

Injection 20 ~L

Identification of impurities Use the chromatogram supplied
with pemetrexed impurity mixture CRS and the chromatogram
obtained with reference solution (c) to identify the peaks due
to impurities A and D; use the chromatogram obtained with
reference solution (b) to identify the peaks due to
impurities Band C.

Relativeretention With reference to pemetrexed (retention
time = about 26 min): impurity A = about 0.82;
impurity B =about 0.87; impurity C =about 0.88;
impurity D =about 0.90.

Systemsuitability Reference solution (b):
- peak-IOJUalley raM: minimum 1.5, whereHp =height

above the baseline of the peak due to impuricy Band
Hv = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity C.

Calculation of percentage contents:
- for each impurity, use the concentration of pemetrexed

disodium heptahydrate in reference solution (a).

Limits:
- impurities A, D: for each impurity, maximum

0.15 per cent,
~ unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent;
- reporting threshold: 0.05 pet cent.

Water (2.5.12)
19.5 per cent to 22.1 per cent, determined on 0.050 g.

Bacterial endotoxin. (2.6.14)
Less than 0.17 illlmg.
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Solubility
Freelysoluble in water, very slightly soluble in anhydrous
el:hanol, practically insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison pemetrexed disodium 2.S-hydrate CRS.
B. It gives reaction (a) of sodium (2.3.1).

C. Enantiomeric purity (see Tests).
D. Water (see Tests).

TESTS
Solution S
Dissolve 0.48 g in carbon dioxide-free water R and dilute to
10.0 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension n (2.2.1) and not more intensely coloured than
reference solution GY4 or Y4 (2.2.2, Method11).

pH (2.2.3)
7.5 to 8.4 for solution S.

Enantiomeric purity
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use or store themat 2-8 °C and use them
within 24 h.
Solution A Dissolve 8 g of P-0'clodextrin R in 900 mL of
waterfor ,hromatagraphy R. Add 15 mL of triethylamine R
then 6 mL of phosphori, acid R and adjust to pH 6.0 with
phosphon'c acid R. Dilute to 1000 mL with waterfor
.chromatagraphy R.
Test solution Dissolve 12 mg of the substance to be
examined in water R and dilute to 50.0 mL with the same
solvent.
Reference solution (aJ Dissolve 6 mg of pemetrexedfor system
suitability CRS (containing impurity E) in waterR and dilute
to 25 mL with the same solvent.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with waterR. Dilute 3.0 mL of this solution to
10.0 mL with waterR.
Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: end-copped octadecylsi/yl silica gelfor

,hromatagraphy R (5 urn);
- temperature: 40°C.
},lobi/ephase acetonitrile for chromatography R, solutionA
(5:95 VIV).

FWw rate 1.0 mUmin.

Detection Spectrophotometer at 230 nrn.
Injection 50 ~L.

Run time 1.5 times the retention time of pemetrexed.
Relative retention Withreference to pemetrexed, (retention
time =about 30 min): impurity E =about 0.94.

System suitability:
- symmetry factor. maximum 2.0 for the principal peak in

the chromatogram obtainedwithreference solution (b)j
- peak-l<HJalley ratio: minimwn 5.0, where Hp = height

above the baseline of the peakdue to impurity E and
H; = height above the baseline of the lowestpoint of the
curveseparating this peakfrom the peakdue to

pemerrexed in the chromatogram obtained with reference
solution (a).

357166-30-4

Action and use
Thymidylate synthetase inhibitor; antineoplastic

____________________ PI>E>r

Pemetrexed Disodium 2.S-Hydrate

Pl>E>r _

D. (2S)-2-[[(4S)-4-[[4-[2-(2-amino-4-<lxo-4, 7-dihydro-l H­
pyrrolo[2,3-d]pyrimidio-5-yl)ethyl] benzoyl]amino]-4­
carboxybutanoyl]amlno]pentanedioic acid,

(ph. Eur. monograph 3046)

E. (2R)-2-[[4-[2-(2-amino-4-oxo-4,7-dihydro-I H­
pyrrolo[2,3-d]pyrimidio-5-yl)ethyl]benzoyl]amino]
pentanedioic acid.

o

C. (2S,2'S)-2,2'-[[ (5S)-2,2'-diamino-4,4',6-trioxo­
1,4,4',6,7,7' -hexahydro-I 'H,SH-S,6'-bipyrrolo[2,3-d]
pyrimidioe-5,5'-diyl]bis(ethylenebenzene-4,1­
diylcarbonyhmino)]dipentanedioic acid,

N
HzN-{

HN #

DEFINITION
Disodium (2S)-2-[4-[2-(2-amino-4-oxo-4,7-dihydro-IH­
pyrrolo[2,3-d]pyrimidin-5-yl)ethyl]benzamido]pentanedioate
2.5-hydrate.

Content
975 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic powder.
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Tim' MobUe phase A MobUe phase B
(min) (per cent Y/I1 (per cent YIl?
0-3 100 0
3·45 100 --> 0 0--> 100

FWw rare 1.0 mUmin.

Detection Spectrophotometer at 250 nm.

Injection 20 ~L.

Identification of impurities Use the chromatogram supplied
with pemetrexed impun·ty mixtureCRS and the chromatogram

Calculation of percentage contents:
- for impurity E, use the concentration of pemetrexed

disodium 2.5-hydrate in reference solution (b).

Limit:
- impurity E: maximum 0.3 per cent

Column rinse: thefollowing programme isgivenfor hl/omlalion
ollly.

Use a gradient column rinse before column storage or after
30 sample injections to avoid build-up on the column. If a
drifting baseline is observed, allow additional time for
equilibration with the mobile phase. If a blank chromatogram
exhibits broad humps, perform a gradient column rinse.

Rinsing solution A water for chromatography R.

Rinsingsolution B acelOmiri/e for chromatography R.

Related substances
Liquid chromatography (2.2.29). Prepa" the solutiotlS
immediately before use orstore them at 2-8 °C and use them
withill 24 h.
Solutian A 1.45 gIL solution of ammonium formate R in
waterfor chromatography R; adjusted '0 pH 35 with allhydrollS
fonnic acid R.

Test solution Dissolve 20 mg of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent.

Reference solutioll (a) Dilute 1.0 mL of the test solution '0
100.0 mL with waterR. Dilute 1.0 mL of this solution to
10.0 mL with woterR.
Reference solutiotJ (b) In order to prepare impurities Band C
in situ, dissolve 30 mg of the substance to be examined in
10 mL of a 4.0 gIL solution of sodium hydroxide R, heat a'
70 "C for 40 min and allow '0 cool. Dilute 1 mL of the
solution to 10 mL with waterR.
Reference solution (c) Dissolve the contents of a vial of
pemetrexed impurily mix.." CRS (impurities A and D) in
1 mL of waterR.
Column:
- size: 1= 0.15 m, (2) ;;;; 4.6 mm;
- suuionasy phase: octy/si/yl silica gelfor chromarography R

(35 um),

Mobile phase: I

- mobile phase A: aceumitrlle R, solution A (5:95 VIV);
- mobile phaseB: acetonltrlle R, solution A (30:70 VIV);

obtained with reference solution (c) to identify the peaks due
to impurities A and D; use the chromatogram obtained with
reference solution (b) to identify the peaks due to
impurities Band C.

Relative retention With reference to pemetrexed (retention
tirne > about 26 min): impurity A ;;;; about 0.82;
impurity B = about 0.87; impurity C = about 0.88;
impurity D = about 0.90.

System suitability Reference solution (b):
- peak-to-'lJalley ratio: minimum 1.5, where Hp ;::; height

above the baseline of the peak due to impurity Band
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity C.

Calculation of percentage contents:
- correction factor: multiply the peak area of impurity D by

1.5;
- for each impurity, use the concentration of pemetrexed

disodiurn 2.5-hydrate in reference solution (a).

Limits:
- impumies A, D: for each impurity, maximum

0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent;
- reportillg threshold: 0.05 per cent.

Water (2.5.12)
8.0 per cent to 11.0 per cent, determined on 0.050 g.

ASSAY
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use orstore themat 2-8 DC and use them
withill 24 h.

Acetatebuffer Mix 1.7 mL of glacial acetic add R and
900 mL of waterfor chromatography R, adjust '0 pH 5.3 with
a 760 gIL solution of sodium hydroxide R in waterfor
chromatography R and dilute '0 1000 mL with waterfor
chromaUigraphy R.
Test solution Dissolve 25.9 mg of the substance to be
examined in waterR and dilute to 200.0 mL with the same
solvent.

Reference solution Dissolve 30.0 mg of pemetrexed disodium
heptahydrate CRS in water R and dilute '0 200.0 mL with the
same solvent.

Column:
- size: / = 0.15 m, 0 = 4.6 nun;
- suuionasy phase: octylsiryl silica gelfor chromalOgraphy R

(35 pm);
- temperature: 30 'C.

Mobile phase aceronitrile R, acetate buffer (11:89 VIV).
Flow rate 2.0 mUmin.

Detection Spectrophotometer at 285 run.

Injection 20 ~L

Run time Twice the retention time of pemetrexed (retention
time = about 3 min).

Calculate the percentage content of C2oH19N5Na206 taking
into account the assigned content of pemetrexed disodium
heptahydrate CRS.

STORAGE
In an airtight comainer at a temperature of 2 DC to 8 DC.

IMPURITIES
Specified impuniies A, D, E.

90 ...... 5

5

0 ...... 50 0 ...... 50

50 50

50 ..... to 50 ..... 90

10 90

10 ....... 95

95

RInsing solution A Rinsing solution B
(per cent YlV) (per cent VM

100 ...... 0

o
o
o
o
o

Mobile phose
(per cent VIV)

Tim'
(mIn)

0-4

4-9

9 ~ 14

14·54

54 - 69

69· 100
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2022 Penbutolol Sulfate 11-555

Other detectable impurities (thejo/lowillg substances woo/d, if
present at a sufficient level) be daeaed by oneor other of the tests

in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impwities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not n«essary UJ identify these impun'ties for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) B, C.

o
N

H,N---(

HN # I
HN

E. (2R)-2-[4-[2-(2-amino-4-oxo-4,7-dihydro- IH-pyrroJo[2,3­
djpyrimidin-5-yl)ethyJ]benzamido]pentanedioic acid.

___________________ PIIE,;

Penbutolol Sulfate

A. (2S)-2-[4-[2-(2-amino-I-methyl-4-oxo-4,7-dihydro-IH­
pyrrolo[2,3-djpyrimidin-5-yl)ethyl]benzamido]
pentanedioic acid,

Penbutolol Sulphate

(Ph, Eur. monograph 1461)

Action and use
Beta-adrenocepror antagonist.

f
L(X~XCHj
"v-U H,C CH,

a

38361-12-5681C,.HooN,O,S

o H ~~H

~'\Co,H
o

N """Ho,C H,N---( I
) #

Ho,c.\-N~HNHN 1.,,0 NH
H \'# NH

a a ~
N NH2

B. (2S,2'S)-2,2'-[(45R)-42,S2_diammo_44,46, s 4-trioxo­
41,4\46,47,S",S1_hexahYdro_45H,SIH-4(S,S),5(6,S)­
dipyrrolo[2,3-djpyrimidina-I ,8 (I )-dibenzenaoetaphane­
1\S"-dicarboxamido]d.ipentanedioic acid,

(;. (2S,2'~-2J2'-[(45~-42J52_~amU1o-44J46,54_nioxo­
41,4\46,47,5'\57-hexahydro-q''H,5 1H-4(5,5))5(6)5)­
dipyrrolo[2,3-djpyrimidina-I ,8 (I )-dibenzenaoetaphane­
]4)8"-dicarboxamido]dipentanedioic acid,

o

D. (2S)-2-[(4S)-4-[4-[2-(2-amino-4-oxo-4,7-dihydro-IH­
pyrrolo[2,3-djpyrimidin-5-yJ)ethyl]benzamido]-4­
carboxybutanamido]pentanedioic acid,

PIlE,; _

DEFINITION
D i[(2S) -1-(2-cyclopentylphenoxy)-3-[(I,1­
dlmethylerhyljaminojpropan-z-of] sulfate.

Content
99.0 per cent to 101.0 per cent (dried substance),

CHARACTERS
Appearance
White or almost white) crystalline powder.

Solubility
Slightlysoluble in water) soluble in methanol) practically
insoluble in cyclohexane.

IDENnFICATION
First identification: A, C, D.

Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison penbutolol sulfate CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 40 mg of the substance to be
examinedin 1 mL of methanol R.
Reference solution Dissolve 40 mg of penbutolol sulfate CRS in
1 mL of methanol R.
Plate TLC silica gelFm plateR.
Mobile phase glacial acetic acid RJ waterRJ butanol RJ ethyl
a",tate R (10:20:35:35 VIVIVIV).

Application 5 ~L.

Development Overa pathof 15 em.
Drying In air.
Detection Examine in ultraviolet light at 254 am.

Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with the
reference solution.
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_______________~_~_"'E"
A. (2S)-1-[2-(cyclopent-I-enyl)phenoxy)-3-[(I,I­

dirnethylethyl)antino]propan-2-01.

- sum of impurities other than A: not more than twice the
area of the principal peakin the chromatogram obtained
withreference solution (b) (l percent);

- disregard limit: the area of the principal peakin the
chromatogram obtained with reference solution(c)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 pet cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.1</)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.500 g in 40 mLof anhydrous acetic acid R. Titrate
with 0.1 kI perchlotic acid) determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchloric acidis equivalent to 68.10 mg
of C,oHooN,O.S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

52-67-5

**** ** ** ****

149.2

(Ph. Eur. monograph 0566)

C,HIINO,S

Penicillamine

C. Dissolve 50 mg in a mixture of 5 mL of warer Rand
I mL of o. 1 M hydrochloric acid. The solution gives
reaction (a) of sulfates (2.3.1).

D. Specific optical rotation (see Tests).

TESTS
Solution S
Dissolve 1.00 g in methanol R and dilute to 20.0 mL with the
same solvent.

AcldJty or alkallnity
To 4 mL of solution S add 4 mL of carbon dioxide-free
waterR. Add 0.1 mL of methYlredsolution Rand 0.2 mL of
0.01 M sodium hydroxide; the solution is yellow. Add 0.4 mL
of 0.01 M hydrochloric acid; the solution is red.

Specific optical rotation (2.2.7)
-23 to -25 (dried substance), determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobilephase A
(40:60 VIII).

Test solution Dissolve 40.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Rsference solution (a) Dissolve 4.0 mg of the substance to be
examined and 1.0 mg of penlmwlol impurity A CRS in 5.0 mL
of the solvent mixture.

Reference solution (b) Dilute 1.0 mL of the test solution to
200.0 mL with the solvent mixture.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with the solvent mixture.
Reference solution (d) Dissolve 5.0 rng of penlmwlol
impurity A CRS in the solvent mixture and dilute to 50.0 mL
with the solvent mixture. Dilute 2.0 mLof this solutionto
10.0 mL with the solventmixture.
Column:
- size: 1= 0.25 m, <2' = 4.6 mID;
- sta,ionary phase: oCladecy/si1y1 silka gelfor chromawgraphy R

(5 pm}.

Mob,le phase:
- mobile phase A: acetonitrile/or chromatography R, methanol R

(39:61 VIII);
- mobile phase B: dissolve II g of sodium heptanesulfonate R

in 1000 mL of wacer R, add 5.0 mL of ""thYlamine Rand
adjust to pH 2.7 with phosphoric acidR;

Tim, MobUe phase A Mobile phase B
(min) {per cent VIJ? {per cent VIJ?
0- 15 6" 4"
15 - 35 60 ---> 80 40 --> 20

Flowrate 1.0 mllmin.

Detection Spectrophotometer at 270 run.

Injection 10 ut,
System suitability Reference solution (a):
- resolution: minimum 3.0 between the 2 principal peaks.
Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained withreference solution (d)
(0.5 per cent);

- any other impurity. for each impurity) not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.5 percent);

Action and use
Disease-modifying antirheumatic drug; chelating agent;
treatment of Wilson's disease; heavy metalpoisoning;
cystinuria.

Preparation
Penicillamine Taj>lets

"'E<I _

DEF1N1TION
(2S)-2-Amino-3-methyl-3-sulfanylbutanoic acid.

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACfERS
Appearance
White or almost white,crystalline powder.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent).
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IDENTIFICATION
First identification: A, B, D.
Second identification: A, C, D.

A. Dissolve 0.5 g in a mixture of 0.5 mL of hydrochloric
acid Rand 4 mL of warm acetone RJ cool in iced waterand
initiate crystallisation byscratching the wall of the rube with
a glass rod. A white precipitate is formed. Filter with the aid
of vacuum, wash with acetone R and dry with suction.
A 10 gILsolution of the precipitate is dextrorotatory.
B. Examine the chromatograms obtained In the test for
impurity A.

Results The principal peak in the chromatogram obtained
with the test solution is similarin retention time and size to
me principal peak in the chromatogram obtained with
reference solution (a).
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examined in 4 mL of waterR.
Reference solution Dissolve 10 mg of penicillamine CRS in
4 mL of waterR.
Plate TLC silica gelG ptateR.
Mobilephase glacial acetic acid R) water R) butanol R
(18:18:72 VIVIV).

Appli<ation 2 ~L.

Deuelopment Over a pathof 10 em.
Drying At 100-105·C for 5-10 min.

Detection Expose to iodine vapour for 5-10 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position) colour and size to
the principal spot in the chromatogram obtained with the
reference solution.
D. Dissolve 40 mg in 4 mL of water R and add 2 mL of
phosphonmgstic add solution R. Allow to stand for5 min.
A blue colour develops.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R and dilute to
25 mL with thesamesolvent.
Appearance of solution
Solution S is clear (2.2.1) and not moreintensely coloured
thanintensity 6 of the range of reference solutions of the
most appropriate colour(2.2.2" Ivfethod 11).

pH (2.2.3)
4.5 to 5.5.

Dilute I mL of solution S to 10 mL with carbon dioxide-free
water R.

Specific optical rotation (2.2.7)
-65.0 to -61.0 (dried substance).

Dissolve 0.500 g in a 40 gIL solution of sodium hydroxide R
and dilute to 10.0 mL with the samesolution.

Ultraviolet-absorbing substances
Maximum 0.5 percent of penilloic acid.
Dissolve 0.100 g in waterR and dilute to 50.0 mL with the
same solvent. The absorbance (2.2.25) of the solution at
268 nm is not greater than 0.07.

Impurity A
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use,

Testsolution Dissolve 40.0 mg of the substance to be
examined in the mobilephase and dilute to 10.0 mLwith
the mobilephase.

Penicillamine II-557

Reference solution (a) Dissolve40 mg of penicillamine CRS in
the mobile phase and dilute to 10 mL with the mobilephase.
Reference solution (b) Dissolve 20.0 mg of penicillamine
disulfide CRS (impurity A) in the mobile phase and dilute to
50.0 mL with the mobile phase. Dilute 2.0 mL of the
solution to 20.0 mL withthe mobile phase.
Reference solution (c) Dissolve 40 mg of the substance to be
examined in reference solution (b) and dllute to 10 mL with
the samesolution.
Column:
- size: I::::: 0.25 m, 0 ::::: 4.6 mm;
- stationary phase: oety/si/yl silica gelfor chromatography R

(10 pm).

Mobile phase Solution containing 0.1 gIL of sodium edetate R
and 2 gIL of methanesulfimic acid R.

Flow rate 1.7 mUmin.

Detection Spectrophotometer at 220 om.
I,gIX,ion 20 ~L.

Run time Twice the retention time of penicillamine.
Identification of impuruies Use the chromatogram obtained
with reference solution (b) [0 identify thepeakdue to
impurity A.

Relativeretention Withreference (0 penicillamine (retention
time ::::: about 6 min): impurity A ::::: about 1.8.

Systemsuitability Reference solution (c):
- resolution: minimum 4.0 between the peaks due to

penicillamine and impurity A.

Limit.
- impun·ly A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (h) (I per cent).

ImpurityB
Maximwn 0.1 ppm.

Cony out all theoperations in a penicillin-free atmosphere and
with equipment reserved for this leSt. Sterilise theequipment at
180·C far 3 h and the buffer solutions at 121 "Cfor 20 min
before use.
Test solulinn (a) Dissolve 1.000 g in 8 mL of buffer solution
pH 2.5 R and add 8 mL of ether R. Shake vigorously for
1 min. Repeat the extraction and combine the ether layers.
Add 8 mL of buffersolution pH 2.5 R. Shake for I min, aUow
[0 settleand quantitatively separate the upper layer) taking
care to eliminate the aqueous phase completely (penicillin is
unstable at pH 2.5; cany out operations at this pH within
6-7 min). Add 8 mL of phosphate buffersolution pH 6.0 R2 to
the ether phase) shake for 5 min) allowto settle) then
separate the aqueous layer and check that the pH is 6.0.
Test solu';"n (b) To 2 mL of test solution (a) add 20 ~L of
penicillinase solution R and incubate at 37 °C for 1 h.
Reference solution (a) Dissolve 5 mg of benzylpenicillin
sodium R in 500 mL ofphosphate buffersolution pH 6.0 R2.
Dilute 0.25 mL of the solution to 200.0 mL with buffer
solution pH 2.5 R. Carry out the extraction using8 mL of this
solution as described for test solution (a).
Reference solulinn (b) To 2 mL of reference solution (a) add
20 ~L of penicillinase solution R and incubate at 37 °C.for 1 h.
Blank solution Prepare the solution as described for test
solution (a) but omitting the substance to be examined.
Liquefy a suitable nutrient medium such as thatdescribed
below and inoculate it at a suitable temperature with a
culture of Kocuna rhizophiJa (ATCC 9341), to give
5 x 104 micro-organisms per millilitre or a different quantity
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_____________________ "'fu

316.1

DEFINITION
DIY mixture of 2,2-bis(hydroxymethyl)propane-I,3-diol
tetranitrate (pentaerythrityl tetranitrate) and Lactose
monohydrate (0187) or Mannitol (0559).

Content
95.0.per cent mlm to 105.0 per cent mlm of the declared
content of pentaerythrityl tetranitrate.

CAUTION: undiluted pentaerythrityl telranilrate may explode if
subjected to percussion or excessive heat. Appropn·ate precautions
must be taken and onlyvery smallquantities handled.

CHARACIERS
Appearanu of pentaerythniyl tetramtrau White or slightly
yellowish powder.

Solubility ofpentaerythrityl tetranilrate Practically insoluble in
water, soluble in acetone, slightly soluble in ethanol
(96 per cent).

The solubility of diluted pentaerythrityl tetranitrate depends
on the diluent and its concentration.

IDENfIFICATlON
Firsr identification: A, C.

S"ond identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Preparation Separately shake a quantity of the substance to
be examined and a quantity of the reference substance, each
corresponding to 25 mg ofpentaerythrityl retranitrare, with
10 mL of acetone R for 5 min; filter, evaporate to dryness at a
temperature below 40°C, and dry the residue over
diphosphorus petuoxide R at a pressure of 0.7 kPa for 16 h.
Examine the residues prepared as discs.

Comparison dilutedperltaerythrity/ tetrani"ate CRS.
B. Thin-layer chromatography (2.1.27).

Test solution Shake a quantity of the substance to be
examined corresponding to 10 mg of pentaerythrityl
tetranitrate with 10 mL of ethanol (96 per cenO R for 5 min
and filter.

Reference solution Shake a quantity of diluted pentaeryrhniyl
tetramtrate GRScorresponding to 10 mg of pentaerythrityl
tetranitrate with 10 mL of ethanol (96 per cent) R for 5 min
and filter.

Plate TLC silica gelplate R.
Mobile phase ethyl acetate R, toluene R (20:80 VW).
Application 10 1'1-.
Development Over 2/3 of the plate.

Drying In air.

Deuaion Spray with fresWy prepared potassium iodide and
starch solution R, expose to ultraviolet light at 254 nm for
15 min and examine in daylight.

Action and use
Vasodilator.

"'fu _

Diluted Pentaerythrityl Tetranitrate
(Ph. Eur. monograph 1335)

5.
1.5g
1.5g
3.5 Ii:
15·g
1000 mL

Peptone
YeasteKtr3q
Meat extract
Sodium chloride

All"
Dislilltd waterR

if necessary (0 obtain the required sensitivity and formation
of clearly defined inhibition zones of suitable diameter.
Immediately pour the inoculated medium into 5 Petri dishes
10 em in diameter to give uniform layers 2-5 mm deep.
The medium may alternatively consist of 2 layers, only the
upper layer being inoculated. Store the dishes so that no
appreciable growth or death of the micro-organisms occurs
before use and so that the surface of the agar is dry at the
time of use. In each dish, place 5 stainless steel hollow
cylinders 6 nun in diameter on the surface of the agar evenly
spaced on a circle with a radius of about 25 mm and
concentric with the dish. For each dish, place in separate
cylinders 0.15 mLoftest solutions (a) and (b), reference
solutions (a) and (b) and the blank solution. Maintain at
30°C for at least 24 h. Measure the diameters of the
inhibition zones to the nearest 0.1 mm. The test is valid if
reference solution (a) gives a clear inhibition zone and if
reference solution (b) and the blank solution give no
inhibition zone. If test solution (a) gives an inhibition zone,
this is caused by penicillin if test solution (b) gives no
inhibition zone. H Ibis is so, the average diameter of the
inhibition zones given by test solution (a) for the 5 Petri
dishes is less than the average diameter of the inhibition
zones given by reference solution (a) measured in the same
conditions.

Nutrient medium (pH 6.0)

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.1000 g in 30 mL of anhydrous acelie acid R.
Titrate with 0.1 M perchlotic acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloricacid is equivalent to 14.92 mg
of C,HIlNO,S.

IMPURITIES
Specified impurities A, B.

A. 3,3 '-( disulfunediyl)bis[(2S)-2-amino-3-methylbutanoic]
acid (penicillamine disulfide),

B. penicillin.
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Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained wlth the
reference solution.

C. Thin-layer chromatography (2.2.27).

Test solution Shake a quantity of the substance to be
examined corresponding to 0.10 g of lactose or mannitol
with 10 mL of waterR. Filter if necessary.

Reference solution (a) Dissolve 0.10 g of lactose
monohydrate R in waterR and dilute to 10 mL with the same
solvent.
Reference solution (b) Dissolve 0.10 g of mannitolR in
water R and dilute to 10 mL with the same solvent.

Reference solution (c) Mix equal volumes of reference
solutions (a) and (h).

PlaUi TLC silica gel G plate R.
J.Hobile phase waterR, methanol R, anhydrous acetic acid R)
ethylene chloride R (10:15:25:50 VIVIVIJI). Measure the
volumes accurately since a slight excess of water produces
cloudiness.

Applicalion I ~L; thoroughly dry the points of application.

Development A Over 2/3 of the plate.

DryingA· In a current of wann air.

Developme~t B Immediately, over 2/3 of the plate, after
renewing the mobile phase.

D,ying B In a current of warm air.

Detection Spray wil:h 4-aminobenzoitacid solution R) dry in a
current of cold air until the acetone is removed, then heat at
100°C for 15 min; aUmy £0 cool, spray with a 2 gIL solution
of sodiumperiodate R, dty in a current of cold air and heat at
100 ·C for 15 min.

System suitability Reference solution (c):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a) for lactose or to the principal spot in
the chromatogram obtained with reference solution (b) for
mannitol.

TESTS
Impurity A
Thin-layer chromatography (2.2.27).

Testsolution Shake a quantity of the substance to be
examined corresponding to 0.10 g of pentaerythrityl
tetranitrate with 5 mL of ethanol (96 percen!) R and filter.

Reference solution Dissolve 10 mg of potassium nitrateR in
1 mL of waterR and dilute to 100 mL with ethanol
(96 per <enl) R.

I Ptate TLC silica gelplateR.
lvlobile phase glacialacetic acid R, acetone R, toluene R
(15:30:60 VIVIV).
Application I 0 ~L.

Development Over 213 of the plate.

Drying In a current of air until the acetic acid is completely
removed.

Detection Spray copiously with freshly prepared potassium
iodide and starch solution R, expose the plate to ultraviolet
light at 254 om for 15 min and examine in daylight.

Pentaerythrityl Tetranitrate II-559

Limit:
- nitrate: any spot due to nitrate is not more intense than

the spot in the chromatogram obtained with the reference
solution (0.5 per cent, calculated as potassium nitrate),

Related substances
Liquid chromatography (2.2.29).

Test solution (aJ Sonicate for 15 min a quantity of the
substance to be examined corresponding to 25.0 mg of
pentaerythrityl tetranitrate in 20 mL of the mobile phase and
dilute to 25.0 mL with the mobile phase. Filrer.

Test solution (bJ Dilute 1.0 mL of test solution (a) to
10.0 mL with the mobile phase.

Reference solution (aJ Sonicate for 15 min a quantity of
dilutedpemaf!rylhniyl tetranitrate CRS corresponding to
25.0 mg of pentaerythrityl tetranitrate in 20 mL of the
mobile phase and dilute to 25.0 mL with the mobile phase.
Filter.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the mobile phase.

Reference solution (c) Dilute 0.3 mL of reference solution (b)
to 10.0 mL with the mobile phase.

Reference solutiun (d) Dilute 200 ~L of g/yceryl ttini..aUi
solution CRS to 25.0 mL with the mobile phase.

Reference solution (e) To I mL of reference solution (h) add
1 mL of reference solution (d) and dilute to 10 mL with the
mobile phase.

Reference solution (f) Dilute 1.0 mL of reference solution (a)
to 20.0 mL with the mobile phase. Dilute 0.5 mL of this
solution to 50.0 mL with the mobile phase.

Column:
- size: I =0.15 m, 0 =3.9 mm;
- stationary phase: oclylsilyl silica gelfor chromalOgraphy R

(5~).

Mobile phase waterR, acetonitrile R (35:65 VIV).
Flew rate 1.4 mIlmin.

Delation Spectrophotometer at 220 om.

lnj«tion 20 J.lL of test solution (a) and reference
solutions (c), (e) and (f).

Run time 5 times the retention time of pentaerythrityl
tetranitrate.

Relative retention With reference to pentaerythrityl
tetranitrate (retention time = about 2.4 min):
impurity B =about 0.7; impurity C =about 3.0.

System suitabIlity Reference solution (e):
- resolution: minimum 3.0 between the peaks due to glyceryl

trinitrate and pentaerythrityl tetranitrate.

Limits:
- impurities C, D: for each impurity, not more than the area

of the principal peak in the chromatogram obtained with
reference solution (c) (0.3 per cent);

- unspecified impunues: for each impurity, not more than
twice the area of the principal peak in the chromatogram
obtained with reference solution (f) (0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.6 per cent);

- disregard limir. the area of the principal peak in the
chromatogram obtained with reference solution (f)
(0.05 per cent).

ASSAY

Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
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II-560 Pentamidine Isetionate 2022

PhEII ~

140-64-7592.7

[ ~so,HIac 2

Action and use
Antiprotozoal.

Preparation
Pentamidine Injection

Pentamidine Isetionate

H~~ ~NH2
Uo~o~

(pentamidine Diisetionate, Ph. Eur. monograph 1137)

DEFINITION
4,4" (pen tane-I ,5-diylbis(oxy)]dibenzimidamide bis(2­
hydroxyethanesulfonate).

Content
98.5 per cent to 101.5 per cent (dried substance).

PRODUCTION
It is considered that alkyl 2-hydroxyethanesulfonate esters are
potential impurities in pentamidine diisetionate.
The manufacturing process should be developed taking into
consideration the principles of quality risk management)
together with considerations of the quality of Starting
materials, process capability and validation including, where
necessary, demonstration that alkyl 2-hydroxyethanesulfonate
esters are not detectable in me final product.

CHARACTERS
Appearance
White or almost white powder or colourless crystals,
hygroscopic.

Solubility
Freely soluble in water) sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison pentamidine diisetionate CRS.
B. Dissolve about 40 mg in 5 mL of mater R and add
dropwise with shaking 1 mL of a 10 gIL solution of sodium
chloride R. Allow to stand for 5 min. The mixture remains
clear.
C. Treat 0.15 g by the oxygen-flask method (2.S.IIf).
Use 10 mL of dilute hydrogen peroxide sdution R to absorb the
combustion products. The solution gives reaction (a) of
sulfates (2.3. I).

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension IT (2.2.1) and not more intensely coloured than
intensity 6 of the range of reference solutions of the most
appropriate colour (2.2.2, Method Il).

Dissolve 2.0 g in waterR and dilute to 20 mL with the same
solvent.

IMPURITIES
Specified impuniies A, C, D.

Otherdet«table impurities (thefollowing substances would, if
present at a sufficien: level, bedetected by oneor otherof the tests
in the monograph. They arelimited by the general acceptance
cntetion for other/unspecified impunues andlor by the general
monograph Substances for pharmaceutical USe (2034). I, is
therefore not necessary to identify these impurities for
demonstration of compliance. See'also 5.1a Control of impw;tUs
in substances for pharmaautical use) B.

Injection Test solution (b) and reference solution (b).

Calculate the percentage content of C5HgN4012 from the
declared content of diluted pentaerythrity/ tetran-imue CRS.

STORAGE
Protected from light and heat.

LABELLING
The label sla....:
- the percentage content of pentaerythrityl tetranitrate;
- the diluent used.

A. N03- : inorganic nitrates,

B. 2,2-bis(hydroxymethyl)propane-I,3-diol trinitrate
(pentaerythritol trinitrere),

C. 2,2-bis[[3-hydroxy-2,2-bis(hydroxymethyl)
propoxy]methyl]propane-I,3-dioloetanitrate
(trlpentaerythrityl octanitrate),

D. 2,2'-(oxybismethylene)bis[2-(hydroxymethyl)propane-1 ,3­
diol] bexanitrate (dipentaerythrityl hexanitrate).

____________________ PhEll

pH (2.2.3)
4.5 to 6.5.

www.webofpharma.com



2022 Pentazocine 11-561

''lIE" _

DEFINITION
Pentazocine contains not less than99.0 percent and not
more than the equivalent of 101.0 percent of
(2RS,6RS,IIRS)-6,II-dimethyl-3-(3-methylbut-2-enyl)­
1,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocin-8-ol,
calculated with reference to the dried substance.

**** ** ** ****

359--83-1

andenanliomer

285.4

HO

(Ph. Bur. monograph 1462)

Pentazocine

Action and use
Opioid receptor agonist; analgesic.

Preparation
Pentazocine Injection

CHARACTERS
A white or almostwhite powder, practically insoluble in
water) freely soluble in methylene chloride and soluble in
ethanol (96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
Examine by infrared absorption spectrophotometry (2.2.24),
comparing with the Ph. Eur. reference spectrum forpemazodne
(fonn A).

TESTS
Absorbance (2.2.25)
Dissolve 0.100 g in a mixture of 20 mL of warer R and I mL
of 1 M hydrochloric add, and dilute to 100.0 mL with
water R. To 10.0 mL add I mL of 1 M hydrochlorit: acidand
dilute to 100.0 mL with waterR. The absorbance at the
absorption maximum at 278 run is 0.67 to 0.71, calculated
with reference to the dried substance.

Related substances
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelFm plate R.
Test solution Dissolve 0.20 g of the substance to be
examined in methylene chloride R and dilute to 10 mL with
the same solvent.
Reference solution (aJ Dilute I mL of the testsolution to
100 mL with methylene chloride R.
Reference solution (b) Dilute 5 mL of reference solution (a)
to 10 mL with methylene chloride R.
Reference solution (c) Dilute 5 mL of refeeence solution (a)
to 20 mL with methylene chloride R.
Apply to the plate 10 ,..L of each solution. Developovera
path corresponding to two thirds of the plate height usinga
mixture of3 volumes of isopropy/amt"ne R, 3 volumes of
methanol R and 94 volumes of methylene chloride R. Allow the
plate to dry in airand ex.amine in ultraviolet lightat 254 run.
Heat the plate at 100-105 °C for 15 min, allow to cool,
expose to iodine vapour and re-examine under ultraviolet
light at 254 run. By each method of visualisation: any spot in
the chromatogram obtained with the test solution, apart from
the principal spot, is not more intense than thespot obtained

IMPURITIES

Dissolve 0.5 g in carbon dioxide-free !uater R and dilute to

10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobilephase.
Reference solution (a) Dilute 2.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solutionto 10.0 mL with the mobile phase.
Reference solution (b) To 0.1 g in a conical flask, add 40 mL
of waterR and glass beads. Adjust to pH 10.5 with dilute
sodium hydroxide sonuion R and boil underreflux for 20 min.
Cool and dilute to 50 mL with warer R. Dilute I mL of the
solution to 50 mL withthe mobile phase.

Column:
- size: 1= 0.25 m, (2) = 4.6 mmj
- stationary phase: octadecylsilYl silit:a gelfor chromatography R

(5 urn).

Mobile phase l\1.ix 65 volumes of methanol Rand 35 volwnes
of a 30 gILsolution of ammonium acetate R previously
adjusted to pH 7.5 with 'Methylamine R.
Flow rate I mllmin.

Deiection Spectrophotometer at 265 nm.

Injection 10 ~L.

Run time 3.5 times the retention time of pentamidine.
System suiUlbility Reference solution (b):
- the chromatogram obtained shows 2 principal peaks;
- resolution: minimum 2·.0 between the 2 principal peaks.
Limits:
- any impun·ty: for each impurity, not more than the area of

the principal peakin the chromatogram obtained with
reference solution (a) (0.2 per cent);

- total: not more than twice the area of theprincipal peak in
the chromatogram obtained with reference solution (a)
(0.4 pee cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.02 pee cent).

Loss on drying (2.2.32)
Maximwn 4.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of dimethylfonnamide R.
Add 0.25 mL of thymolblue soluuon R. Titrate with 0.1 M
tetrabutylammonium hydroxide, under a current of
nitrogen R, unril the colourof the indicator changes to blue.
Carry out a blank titration. '

1 mL of 0.1 1\1 tetrabutylammonium hydroxide is equivalent
to 29.63 mg of C2,f!,oN.OlOS2'

STORAGE
In an airtight container.

H~~ ~NH2
Uo~o)l)

A. 4-[[5-(4-amidinophenoxy)pentyl]oxy]benzenecaeboxamide.
___________________ Ph'"
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PIlE,; _

________________~ PIlE,;

TESTS
pH (2.2.3)
Dissolve 0.1 gin 10 mL of carbon dioxide-free waterR.
The pH of the solution is 4.0 to 6.0.

Absorbance (2.2.25)
Dissolve 0.100 g in a mixture of20 mL of waterR and I mL
of 1 M hydrochloric acid, and dilute to 100.0 mL with
waterR. To 10.0 mL add I mL of I M hydrochloric acidand
dilute to 100.0 mL withwaterR. The absorbance at the
absorption maximum at 278 nm is 0.59 to 0.63, calculated
with reference to the dried substance.

Related substances
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelF", plateR.
Testsolution Dissolve 0.20 g in 3 mL of methanol Rand
dilute to 10 mL with methylene chloride R.
Reference. solution (a) Dilute 1 mL of the test solution to
100 mL with methylene chloride R.
Reference solu,wn (b) Dilute 5 mL of reference solution (a)
to 10 mL with methylene chloride R.
Reference solution (c) Dilute 5 mL of reference solution (a)
to 20 mL with methylene chloride R.
Apply to the plate 10~ of eachsolution. Develop overa
path corresponding to two-thirds of theplate height using a
mixture of 3 volumes of isopropylamine R, 3 volumes of
methanol Rand 94 volumes of methylene chloride R. Allow the
plate to dry in air and examine in ultraviolet lightat 254 om.
Heat the plate at 100-105 °C for 15 min) allowto cool,
expose to iodinevapour and re-examine underultraviolet
light at 254 nm. By eachmethod of visualisation: any spot in
the chromatogram obtained with the test solution, apart from
the principal spot, is not more intensethan the spot obtained
with reference solution (a) (l percent); not more than I
such spot is more intense thanthe spot in the chromatogram
obtained with reference solution (b) (0.5 per cent); and not
more than 4 such spots are more intense thanthe spot in the
chromatogram obtained withreference solution (c)
(0.25 per cent).

Loss on drying (2.2.32)
Not more than0.5 per cent, determined on 1.000 g by
drying at 60°C at a pressure not exceeding 0.7 kPa for 4 h.

Sulfuted ash (2.4.14)
Not more than0.1 per cent, determined on J.O g.

ASSAY
Dissolve 0.250 g in 50 mL of ethanol (96 percent) R.
Add 5 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.2(J), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflection.
1 mL of 0.1 M sodium hydroxide is equivalent to 32.19 mg of
C1.H2sCINO.

STORAGE
Store protected from light.
___________________ PIlE"

64024-15-3

• HCI

321.9

HO

C19H,.ClNO

Action and use
Opioid receptor agonist; analgesic.

Preparations
Pentazocine Capsules
Pentazocine Tablets

Pentazocine Hydrochloride

with reference solution (a) (1 per cent); not more than one
such spot is more intense than the spot in the chromatogram
obtained with reference solution (b) (0.5 per cent) and not
more than 4 such SPOts are more intense than me spot in the
chromatogram obtained with reference solution (c)
(0.25 per cent).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying at 60 DC at a pressure not exceeding0.7 kPafor 4 h.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1 Al perch/om acid, determining the end-point
potentiometrically (2.2.20).

I mL of O. J .M perchloric add is equivalent to 28.54 mg of
CI9H27NO.

STORAGE
Store protected from light.

(Ph. Bur. nwnograph 1463)

DEFINITION
Pentazocine hydrochloride containsnot less than
99.0 per cent and not more than the equivalent of
101.0 per cent of (2RS,6RS,llRS)-6,1I-dimethyl-3-(3­
methylbut-2-enyl)-1,2,3,4,5,6-hexahydro-2,6-methaoo-3­
benzazocin-8-ol hydrochloride) calculated with reference to

the dried substance.

CHARACTERS
A whiteor almost white powder) sparingly soluble in water)
soluble in ethaool (96 per cent) and sparingly soluble in
methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
A Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the Ph. Bur. reference spc<trum of
pentazocine hydrochloride.
B. It gives reaction (a) of chlorides (2.3.1).
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76-74-4

**** ** ** ****

and enantiomer

226.3

Ar
0 ~yO

H,C
NH

HC : Ho
3 CH3

(ph. Ellr. monograph 0200)

Pentobarbital

Action and use
Barbiturate.

PhE" _

___________________ PhE"

Drying In air.

Detection Examine in ultraviolet light at 254 nm. Heat at
100-105 °C for 15 min. Allow to cool. Expose to iodine
vapour and re-examine in ultraviolet light at 254 nm.

Syscem suitability Reference solution (a):
- the chromatogram shows 2 dearly separated spots .

Limits By each method of detection:
- a1{Y impwiry: any spots, apart from the principal spot, are

not more intense chan the spot in the chromatogram
obtained with "reference solution (b) (0.2 per cent),

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4./4)
.Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 30 mL of anhydrous acetic acid R and add
30 mL of dioxan R. Titrate with 0.1 1M perchlonc acid,
detennining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perch/ode acid is equivalent to 37.55 mg
of C22H33N04.

STORAGE
Protected from light.

DEFINITION
5-Ethyl-5-[(2R5) -pentan-2-yl)-1 ,3-diazinane-2,4,6-lrione.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Very slightly soluble in water, freely soluble in anhydrous
ethanol, practicaUy insoluble in heptane. It forms water­
soluble compounds with alkali hydroxides and carbonates
and with ammonia.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison pentobarl>itaJ CRS.

If the spectra obtained in the solid state show differences,
weigh 10 mg of the substance to be examined and 10 mg of

• H3CyC02H

H OH

and enanliomer

/7146-95-/375.5

(Ph. Eur. monograph 2000)

HO

Action and use
Opioid receptor agonist; analgesic.

Preparation
Pentazocine Injection

PhE" _~ _

Pentazocine Lactate

DEFINITION
(2RS,6RS,IIR5)-6, I I-Dimethyl-3-(3-methylbut-2-enyl)­
1,2,3,4,5,6-hexahydro-2,6-methano-3-benzazocin-8-01 (2R5)­
2-hydroxypropanoate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Sparingly soluble in water, freelysoluble in methanol, slightly
soluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spearum ofpentazocine !CU;UlU.

TESTS
pH (2.2.3)
5.5 to 6.5.

Dissolve 0.1 gin 10 mL of carbon dioxide-free wow R.

Absorbance (2.2.25)
0.50 to 0.54, determined at the absorption maximum at
278 urn.
Dissolve 0.10 g in 10.0 mL of / M hydrochloric acidand
dilute to 100.0 mL with waterR. Dilute 10.0 mL of the
solution to 100.0 mL with waW R.

Related substances
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in methylene rhloride R and dilute to 10 mL with
the same solvent.

Reference solutiOn (a) Dissolve 100 mg of the substance to
be examined in acetic anhydride R and dilute co 5 mL with
the same solvent. Heat at 80°C for 10 min. Dilute I mL of
the solution to 10 mL with methanol R. Mix I mL of this
solution with 1 mL of the test solution.

Reference solution (b) Dilute 1 mL of the test solution to
100 mL with methylene chloride R. Dilute 2 mL of this
solution to 10 mL with methylene chloride R.
Plate TLC silica gd Pm plateR.

l\lIobile phase isopropylam;ne R, methanol R, methylene
chloride R (3:3:94 VIVIV).

Application 10 ~L.

Development Over 2/3 of the plate.
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II-564 Pentobarbital

the reference substanceseparately in glass vials; heat in an
oven at 140°C for 1 h) then allow to stand at room
temperature for 3 h. Record new spectra.

TESTS
Appearance of solution
The solution is clear(2.2.1) andnot more intensely coloured
than reference solution B9 (2.2.2.) MethodII).
Dissolve 1.0 g in a mixture of 4 mL of dilutesodium hydroxide
solution Rand 6 mL of waterR.

Acidity
Boil 1.0 g with 50 mL of waterR for 2 min) allow to cool
and filter. To 10 mL of the filtrate add 0.15 mL of methyl red
solution R. The solution is orange-yellow. Not more than
0.1 mL of 0.1 Atf sodium hydroxide is required to produce a
pure yellow colour.

Related substances
Liquid chromatography (2.2.29).

Test solution (aJ Dissolve 25.0 mg of the substance to be
examined in the mobilephase and dilute to 25.0 mL with
the mobilephase.
Testsolution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with the mobile phase.

Reference solution (a) Dilute 1.0 mL of test solution (b) to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 2.5 mg of penwbarbital
impun"ly E CRS in the mobile phase and dilute to 25 mL
with the mobilephase. Dilute 1 mL of the solutionto
100 mL with the mobile phase. Dissolve 5 mg of the
substance to be examined in 5 mL of this solution.
Reference solution (c) Dissolve 25.0 mg of pentobarbital CRS
in the mobile phaseand dilute to 25.0 mL with the mobile
phase. Dilute 5.0 mL of the solution to 50.0 mL with the
mobilephase.
Column:
- size: I =0.25 m, 0 ;;;; 4.6 mm,
- stationary phase: end-capped extra-dense bonded octade<y/silyl

silica gelfor chromatography R (5 urn).

Mobik phase Mix 35 volumes of acetonitrile Rl and
65 volumes of a 1.36 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 3.5 with dilute
phosphoric acidR.
Flow rate 1.0 mUmin.
Deteaion Spectrophotometer at 214 nm.

Injection 10 J.lL of test solution (a) and reference
solutions (a) aod (b).

Run time 2.5 times the retention time of pentobarbital.
Identification of impun"ties Use the chromatogram obtained
with reference solution (b) to identify the peakdue to

impurity E. I

Relative retention With·-reference to pentobarbital (retention
time = about 10 min): impurity E = about 0.92.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity E and pentobarbital.

Calculation ofpercentage content.s:
- for each impurity, use the concentration of pentobarbital

in reference solution (a).

Limits:
- unspecified impun'em: for each impurity,maximum

0.10 per cent;
- total: maximum 0.1 per cent;
- reporting threshold: 0.05 per cent.

2022

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
relatedsubstances with the following modification.
Injection Test solution (b) and reference solution (c).

Calculate the percentage content OfClIHISN20j taking into
account the assigned content of pentobarbital CRS.

IMPURITffiS
Otherdetectable impun'ties (thefoJluwing substances would, if
present at a sufficient level, bedetected~ one orother oj the rests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities andlor by thegeneral
monograph Substances forphanllacemical use (2034). It is
therefore not neussary to identify these imputitjes for
demonstration of compliance. Seealso5.10. Control of impurities
in substances for phannaceutical use) A, B, C, D, E, fl.

H,N NyNHz

)&, C '" I
* N ilsepimeralC'

and
; H0 theirenantiomers

H3C CH3

A. mixture of (5R)-2,6-diamino-5-ethyl-5-[(2RS)-pentan-2­
yl]pyrimidio-4(5H)-<me and (5S)-2,6-diamino-5-ethyl-5­
[(2RS)-pentan-2-yl]pyrimidin-4(5H)-one,

H,N NyO

5t(,C '"
• NH lisepimer at C'

and
j H0 theirenantiomers

H3C CH3

B. mixture of (5R)-6-amino-5-ethyl-5-[(2RS)-pentan-2-yl]
pyrimidine-2,4(3H,5H)-dione aod (5S)-6-amino-5-ethyl­
5-[(2RS)-pentan-2-yl]pyrimidioe-2,4(3H,5H)-dione,

C. 5-[ (2RS)-pentan-2-yl]-I,3-diazinane-2,4,6-trione,

jt!
0 ~yO

H3C . NH andenanliomer

, H
H3C C~ 0

D.5-methyl-5-[(2RS)-pentan-2-yl]-I,3-diazinane-2,4,6­
trione,

~
o ~Vo

HJC I
NH

H3C 0

H,C

E. 5-el:hyl-5-(pentan·3-yJ}-1)3-diazinane-2,4,6-trione,
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~~~~~ !'hE"

!'hE" -------------

F. 5-ethyi-5-[(2RS)-4-methyipentan-2-yl]-1,3-diazinane­
2,4,6-trione.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related subslances with the following modification.

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 27.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

Test solution (b) Dilute 5.0 mL of test solution (a) to
50.0 rnL with the mobile phase.

Reference solution (a) Dilute 1.0 mL of test solution (b) to
100.0 mL with the mobile phose.

Reference solution (b) Dissolve 2.5 mg of pentobarbital
impurity E CRS in the mobile phase and dilute to 25 rnL
with me mobile phase. Dilute 1 mL of the solution to
100 mL with the mobile phase. Dissolve 5 mg of the
substance to be examined in 5 mL of this solution.

Reference solution (c) Dissolve 25.0 mg of pentobarbital CRS
in the mobile phase and dilute to 25.0 mL with the mobile
phase. Dilute 5.0 mL of the solution to 50.0 mL with the
mobile phase.

Colrmm:
- size: I;;;; 0.25 m, 0 == 4.6 mm;
- stationary phase: end-capped extra-dense bondedoctadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase t\lix 35 volwnes of acetonitrile Rl and
65 volumes of a 1.36 f!/L solution of potassium dihydrogen
phosphate R previously adjusted to pH 3.5 with diuue
phosphoric acidR.
Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 214 run.

Injection 10 J.IL of test solution (a) and reference
solutions (a) and (b).

Run time 2.5 times the retention time of pentobarbital.

ldendfiauion of ;mpun·tie.s Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity E.

Relative retention With reference to pentobarbital (retention
time =about 10 min): impurity E =about 0.92.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity E and pentobarbital.

Calculation of percentage contents:
- for each impurity, use the concentration of pentobarbital

sodium in reference solution (a).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.1 per cent;
- reporting threshold: 0.05 per cent.

Free pentobarbital
Maximum 3.5 per cent.

Dissolve 2.00 g in 75 mL of dimethylfomramide R, heating
gently ifnecessary. Titrate with 0.1 J.\1 sodium methoxide until
the colour changes from olive-green to blue, using 0.25 mL
of a 10 g/L solution of thymolblue R in dimethyljormamide R
as indicator. Carry out a blank titration.

1 mL of 0.1 J.\1 sodium methoxide is equivalent to 22.63 mg of
pentobarbital.

Loss on drying (2.2.32)
Maximwn 3.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

57-33-0

**** ** ** ****

and enanncmer

248.3

~
o ~yo

H,C

NH

, H
H3C CH3

0

CH,

A;
0 ~yONa

HJG . I
N and enanliomer

• H
HJC CH3 0

(Ph. Eur. monograph 0419)

Pentobarbital Sodium

Action and use
Barbiturate.

Preparation
Pentobarbital Tablets

DEFINITION
Sodium 5-ethyl-4,6-dioxo-5-[(2RS)-pentan-2-yl]-I,4,5,6­
tetrahydropyrimidin-z-olate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
\Vhite or almost white, hygroscopic, crystalline powder.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent),
practically insoluble in heptane.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison penwbarIJitai sodium CRS.
If the spectra obtained in the solid state show differences,

.dissolve 10 mg of the substance to he examined and 10 mg
of the reference substance separately in 0.2 mL of
methanol R. Evaporate the solvent by heating in an oven at
80°C for 2 h. Record new spectra using the residues.

B. Ignite 1 g. The residue gives reaction (a) of sodium
(2.3.1).

TESTS
Appearance of solution
The solution is dear (2.2.1) and not more intensely coloured
than reference solution B9 (2.2.2, J.Wethod II).

Dissolve 1.0 g in 10 rnL of ethanol (50 percent VII-? R.
Examine immediately after preparation.

pH (2.2.3)
9.6 to 11.0, measured immediately after preparation.

Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.
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II-566 Pentoxifylline 2022

Injection Test solution (b) and reference solution (c).
Calculate the percentage content of CI[H17N2Na03 taking
into account the assigned content of pentobarbital CRS and a
conversion factor of 1.097.

STORAGE
In an airtight container.

IMPURITIES
Other detectable impurities (the folWwing substances would, if
present at a sufficient level, be detected by one or other of the tests
in themonograph. They arelimited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for phamraceutical use (2034). It is
therefore not nuessory to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D, E, F.

)l!
0 ~""'O

HJC I
NH and enantiomer

j HO
H3C CH3

CH,

F. 5-ethyl-5- [(ZRS)-4-methylpentan-2-yl]-1,3-diazinane­
2,4,6-trione.

____________________ Ph,<I

Pentoxifylline
(ph. Eur. monograph 0851)

H,N NyNH,

~
,C ~ I

• N its epimer at C·
and

i H0 theirenantiomers
~c CH3

Ph,,,, _

DEFINITION
3,7 -Dimethyl-I-(5-oxohexyl)-3,7-dihydro-I H-purine-Z,6­
dlone.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Soluble in water, freely soluble in methylene chloride,
sparingly soluble in ethanol (96 per cent).

IDENfIFICATION
First identification: AJ B.
Second identification: A.J C, D.
A. Melting point (2.2.14): 103"C to 107 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pentoxifyUine CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examinedin methanol R and dilute to 10 mL with the same
solvent. I

Reference solution Dissolve ZO mg of pentoxifyUine CRS in
methanol R and dilute to 10 mL with the same solvent.
Plate TLC silica gelF,S4 plate R.
Mobile phase methanol R, ethylacetate R (15:85 VII').

ApplieatWn 5 ~L.

Deoelopment Over Z/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtainedwith the
reference solution.

6493-05-6Z78.3

Action and use
Vasodilator.

0y~yO
H3C~NH andenanUomer

HoC H 0

H,N N"",O

~
,C ~ I

• NH lISepiffier al C'
and

j HO lheirenanliomers
H3C CH3

~
o ~""'O

H3C I
NH

HJC 0

HoC

A. mixture of (5R)-Z,6-diamino-5-ethyl-5-[(ZRS)-pentan-Z­
yl]pyrimidin-4(5H)-<lne and (5S)-2,6-diamino-5-ethyl-5­
[(ZRS)-pentan-Z-yl]pyrimidin-4(5H)-<lne,

B. mixture of (5R)-6-amino-5-ethyl-5-[(ZRS)-pentan-Z-yl]
pyrimidine-2,4(3H,5H)-dione and (5S)-6-amino-5-ethyl­
5-[(ZRS)-pentan-Z-yl)pyrimidine-2,4(3H,5H)-dione,

C. 5- [(2RS)-pentan-Z-yl]-1,3-diazinane-2,4,6-trione,

D.5-methyl-5-[(ZRS)-pentan-2-yl]-1,3-diazinane-2,4,6­
trione,

E. 5-ethyl-5-(pentan-3-yl)-1 ,3-diazinane-2,4,6-trione,
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D. It gives the reaction ofxanthines (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR prepared from
distilled waler R and dilute to 50 mL with the same solvent.

Appearance of solution
A 40 per cent VIV solution of solution S is dear (2.2.1) and
not more intensely coloured than reference solution Y7

(2.2.2, Method ll).

Acidity
To 8 mL of solution S add 12 mL of carbon dioxide-free
water Rand 0.05 mL of bromothymol blue solution Rt.
The solution is green or yellow. Not more than 0.2 mL of
0.01 M sodium hydroxide is required to change the colour of
the indicator to blue.

Related substances
Liquid chromatography (2.2.29).

Solution A 5.44 gIL solution of potassium dihydrogen
phosphate R.

So/vent mixture methanolRJ solution A (50:50 VIV).

Testsolution Dissolve 50.0 mg of me substance to be
examined in the solvent mixture and dilute to 25.0 mL wilh
the solvent mixture.

Reference solution (a) Dilute 2.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 5.0 mL of this
solution [0 100.0 mL with the solvent mixture.

Reference solution (b) Dilute 10.0 mL of reference
solution (a) to 50.0 mL with the solvent mixture.

Reference solution (c) Dissolve 2 mg of caffeine R
(impurity F) and 2 mg of theaphyHine R (impurity C) in the
solvent mixture) add 1 mL of the test solution and dilute to
10 mL with the solvent mixture.

Reference solution (d) Dissolve 5.0 mg of caffeine R
(impurity F), 5.0 mg of theobromine R (impurity A) and
5.0 mg of theaphyHine R (impurity C) in the solvent mixture
and dilute to 100.0 mL whh the solvent mixture. Dilute
1.0 mL of the solution to 25.0 mL with the solvent mixture.

Column:
- size: 1::::: 0.25 m, 0 ::::: 4.0 mm;
- stationary phase: base-deactivated oClylsilyl sitka gelfor

chromatography R (5 urn):
- temperature: 30°C.

Mobilephase:
- mobile phaseA: methanol R, solution A (30:70 VIJI);
- mobile phaseB: solution A, methanol R (30:70 VIJI);

Time Mobile phase A Mobile phase B
(min) (per cent YIP) (per cent Y/Y,l

0·6 85 15

6 - 13 85 ----> 10 15 ..... 90

13 - 30 JO 90

30 - 35 10 ---> 85 90 ..... 15
35 - 45 85 15

Flow rate 1 mUmin.

Detection Spectrophotometer at 272 run.

Injection 10 IlL.
Relativeretention With reference to pentoxifylline (retention
time > about 12 min): impurity A::::: about O.3j
impurity C ::::: about O.4j impurity F ::::: about 0.5;
impurity J = about 1.6.

Pentoxifylline 11-567

System suitab,1ity Reference solution (c):
- resolution: minimum 4.0 between the peaks due to

impurities C and F.

Limits:
- impurities AJ C, F: for each impurity, not more than the

area of the corresponding peak in me chromatogram
obtained with reference solution (d) (0.1 per cent);

- impurity J: not more than the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.1 per cent);

- airyother impurity: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.02 per cent).

Chlorides (2.4.4)
Mexunum 100 ppm.

Place 20 mL of solution S in a separating funnel and shake
with 2 quantities, each of 20 mL, of l-methylproponol R.
Dilute 10 mL of the aqueous layer to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 200 ppm, determined on 15 mL of solution S.

LOS8 on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 5 mL of anhydrous acetic add R.
Add 20 mL of acetic anhydride R. Titrate with 0.1 M
perchloric aciddetermining the end-point potentiometrically
(2.2.21J).

I mL of 0.1 M perchlori< odd is equivalent to 27.83 mg
of C"H,sN.O,.
STORAGE
Protected from light.

IMPURITIES
Specified impurities A, C, F, J.
Otherdetectable impurities (thefoll,,",ing substances vxndd, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substonces far pharmaceutical use (2034). It is
therefore not neussary to identify these impun·ties for
demonstration of compliance. See also 5. I O. Control of impun'ties
in substances for pharmaceutical use) B, D, E, GJ H, 1J K.

A. theobromine,
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B. 3-methyl-3,7-dihydro-lH-purine-Z,6-dione,
I. I-benxyl-3,7-dimethyl-3,7-<1ihydro-IH-purine-2,6-<1ione,

C. theophylline,

D.I_(3_hydroxypropyl)-3,7-dimethyl-3,7-<1ihydro-IH-purine­

2,6-dione,

J. 1-[(5E)-II-(3,7-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro­
IH-purin-I-yl)-5-methyl-7-oxoundec-S-eny1]-3,7­
dimethyl-3,7-dihydro-IH-purine-216-dione,

K. 1,1' -(propane-I,3-<1iyl)bis(3,7-dimethyl-3,7-dihydro-IH­
purine-2,6-dione).

____________________ PhE,;

E. 1,1'-methylenebis(3,7-dimethyl-3,7-<1ihydro-IH-purine­

2,6-d.ione),

F. caffeine,

Pentoxyverine Citrate
(Pemoxyuerine Hydrogen Citrate, Ph. Bur. monograph
1621)

**** ** ** ****

PhE,; _

DEFINITION
2-[2-(Diethylamino)ethoxy]ethyl
l_phenylcyc1opentanecatboxylate dihydrogen
2_hydroxypropane-l,2,3-uicarboxylate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freelysoluble in water, verysoluble inglacial acetic acid,
freely soluble inmethanol, soluble in alcohol and in
methylene chloride.

mp
About 93 'C.

Action and use
Cough suppressant.

23142-01-0525.6

~ JL("-rCH
,

HoC IJ-) 0
o N N

I
CH,

H. 3-methyl-l,7-bis(5-oxohexyl)-3,7-dihydro-IH-purine-2,6­

dione,

G.3,7_dimethyl-6-(5-oxohexyloxy)-3,7-dihydro-2H-purin-2­

one,
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IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24),

Comparison Ph. Bur. reference spectrnm of pentoxyuerine
hydrogen citrate.
B. Dissolve 0.25 g in 5 mL of waterR.The solution gives the
reaction of cirrates (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method II).

pH (2.2.3)
3.3 Co 3.7 for solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

Reference solution Introduce 5.0 mg of pentoxyverine
impurity A CRS and 5.0 mg of pentoxyuetine impurity B CRS
in a conical flask, add 5.0 mL of the test solution and dilute
to 100.0 mL with the mobile phase. Dilute 3.0 mL of the
solution to 50.0 mL with the mobile phase.

Column:
- size: /;;;; 0.15 m, 0 = 3.9 nun)
- s/a,;onary phase: end-capped octy/sily/ silica gelfor

chroma/Ography R (5. um) with a pore size of 10 om and a
carbon loading of 12 per cent)

- temperatu..: 50°C.

Mobile phase Mix 35 volumes of acmnitrile R and
65 volumes of a 1.5 gIL solution of sodium heptanesulfonate R
adjusted to pH 3.0 with dilute sulfuric add R.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.
Injection 20 ~L

Run time 3 times the retention timeof pentcxyverine.

Relativeretention With reference to pentcxyverine (retention
time =about 6 min): impurity B =about 0.8;
impurity A =about 1.5.

System suitability Reference solution:
- resolution: minimum of 5.0 between the peaks due to

pentoxyverine and to impurity A)
- signal-to-noise ratio: minimum of 100 for the peak due to

pentoxyverine,
- symmetry factor. maximum of 2.0 for the peak due to

pentoxyverine.
Limits:
- impun·ty A: not more dun the area of the corresponding

peak in the chromatogram obtained with the reference
solution (0.3 per cent),

- impurity B: not more than the area of the corresponding
peak in the chromatogram obtained with the reference
solution (0.3 per cent),

- any other impurity: not moreman one-third of the area of
the peak due to pentoxyverine in the chromatogram
obtained with the reference solution (0.1 per cent),

- IOlal of any other ;mpun·ly: not more than the area of the
peakdue to pentoxyverine in the chromatogram obtained
with the reference solution (0.3 percent),

Pepsin 11-569

- disregard limit: 0.1 times the area of the peak due to
pentoxyverine in the chromatogram obtained with the
reference solution (0.03 per cent); disregard any peak with
a retention time tess man or equal to 2.5 min.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vo<uo at 60°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 00400 g in 70 mL of anhydrous acetic add R. Titrate
with 0.11\1 perchkmc acid) determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 52.56 mg of

C,oH'9N O IO '

STORAGE
Protected from light.

IMPURITlliS

A. I-phenylcyclopentanecarboxylic acid)

B. 2-(diethylamino)ethyl I-phenylcyclopentanecarboxylate
(caramiphen).

____~ PhE"

Pepsin
(Pepsin Powder, Ph. Eur. monograph 0682)

9001-75-6

Action and use
Proteolytic enzyme.

PhE" ~ _

DEFINITION
Powder prepared from the gastric mucosa of pigs) cattle or
sheep. It contains gastric proteinases, active in acidmedium
(pH I to 5).

Activity Not less than 0.5 Ph. Eur. UJmg (dried
substance).

PRODUCTION
The animals from which pepsinpowder is derived must fulfil
the requirements for the health of animals suitable forhuman
consumption.

CHARACTERS
Appearance
White or slightly yellow) crystalline or amorphous powder)
hygroscopic.
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Tubes

s, s.. s, s.. s, S,. T T. B

/fl1/1u hydnxhlcri£ acidRZ (roL) 0.5 0.5 0.25 0.25 0.25 0.25 1.0

Reference solution (mL) 0.5 0.5 0.75 0.75 1.0 1.0

Test solution (rnLl 0.75 0.75

Tn"chlorrJacellc acidsollllwn R (mL) 10.0 10.0 10.0 10.0 10.0

Mix + + + + +

Water bath at 25 "C + + + + + + + + +

Haemoglobin sdlnio"R (roL) 5.0 5.0 5.0 5.0 5.0

Mix + + + + +

Hat"wglol";1 So/It/ion R (mLl 5.0 5.0 5.0 5.0

Mix + + + +

Water bath at 25 "C, 10 min + + + + + + + + +

Trichloroacaic add Soillfion R (mL) 10.0 10.0 10.0 10.0

M;x + + + +

Filter + + + + + + + + +

Solubility
Soluble in water, practically insoluble in ethanol
(96 per cent).

The solution in water may be slightly opalescent with a weak
acidic reaction.

IDENTIFICATION
In a mortar, pound 30 mg ofjibrit/ blueR. Suspend in 20 mL
of di1ule hydrochlork acidR2. Filter the suspension on a filter
paper and wash with di/ute hydrochlori< acid R2 until a
colourless filtrate is obtained. Perforate the filter paper and
wash the fibrin blueR through it into a conical flask using
20 mL of dilute hydrochloric acidR2. Shake before use.
Dissolve a quantity of the substance to be examined,
equivalent to not less than 20 Ph. Eur. D., in 2 mL of dilute
hydrochloric acid R2 and adjust to pH 1.6 ± 0.1. Add I mL
of this solution to a test-tube containing 4 mL of the fibrin
blue suspension, mix and place in a water-bath at 25°C with
gentle shaking. Prepare a blank solution at the same time and
in the same manner using 1 mL of waterR. After 15 min of
incubation the blank solution is colourless and the test
solution is blue.

TESTS
Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 0.500 g by drying at
60°C over diphosphorns pemoxide R at a pressure not
exceeding 670 Pa for 4 h.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

Absence of Sa/mot/ella (2.6.13).

ASSAY
The activity of pepsin powder is determined by comparing
the quantity of peptides, non-precipitable by trichloroacetic
add solution R and assayed using the phosphomolybdotungstic
reagent RJ which are released per minute from a substrate of
haemoglobin solution R, with the quantity of such peptides

released by pepsin powder BRP from the same substrate in the
same conditions.

For the rest solution and the reference soluti(}Tl, prepare the solution
and carry OUt the dilution at 0 °G to 4 °G.
A1.'Oid shakingand foaming duringpreparation of the test and
reference sdutions.

Test solution Immediately before use, prepare a solution of
the substance to be examined expected to contain
0.5 Ph. Eur. U.lmL in duute hydrochWric acid R2; before
dilution to volume, adjust to pH 1.6 ± 0.1, if necessary,
nsing 1 M hydrochloric acid.
Reference solution Less than 15 min before use, prepare a
solution of pepsit/ powder BRP containing 0.5 Ph. Eur. U.lmL
in dilute hydrochlO'iU acid R2; before dilution to volume, adjust
to pH 1.6 ± 0.1, ifnecessary, using 1 M hydrochlori< acid.

Designate tubes in duplicate T, T b, SIJ Sib' 52' S2b' S3' S3b.i
designate a tube B.

Add duute hydrochloric acid R2 to the tubes as foUows:

B: 1.0 mL

SI and SIb: 0.5 mL
S2' S2b and T and T b: 0.25 mL
Add the reference solution to the tubes as follows:

SI and SIb: 0.5 mL

S2 and S2b: 0.75 mL

S, and S'b: 1.0 mL
Add 0.75 mL of the test solution to tubes T and T b.
Add 10.0 mL of trichloroacetic acid sotudon R to tubes SIb.
S2b' S3bJ T band B. l\1ix by shaking,

Place the tubes and haemoglobin solution R in a water bath at
25 ± 0.1 "C. When temperature equilibrium is reached, add
5.0 mL of haemoglobin solution R to tubes B, Sib, S2b, S3b
and T b • Mix.
At time zero add 5.0 mL of haemoglobin so/utiOtl R
successively and at intervals of 30 s to tubes S1J S2J S3
and T.
J\.Ux immediately after each addition.
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____________________ PhEIr

Content
97.5 per cent to 102.0 per cent (dried substance).

PRODUCTION
It is considered that alkyl melhanesulfonate esters are
genotoxic and are potential impurities in pergolide mesilate.
The manufacturing process should be developed taking into
consideration the principles of quality risk management,
together with considerations of the quality of starting
materials, process capability and validation. The general
methods 2.5.37. Methyl, ethyland isopropyl methanesulfonate in
methanesulfoni< acid, 2.5.38. M.ethyl, ethyl and isopropyl
methanesu{fonate in aaioe substances and
2.5.39. M.ethanesulfonyl chloride in methanesulfonic acidare
available to assist manufacturers.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, sparingly soluble in methanol,
slightly soluble in ethanol (96 per cent) and in methylene
chloride, very slightly soluble in acetone.

IDENTIFICATION
A. Specific optical rotation (2.2.7): -23 to -17 (dried
substance).

Dissolve 0.25 g in dimethylfonnamide R and dilute to 25.0 mL
with the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison pergolide mesilate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 30.0 mg of the substance to be
examined in methanol R and dilute to 10.0 rnL with the same
solvent.

Reference sdution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 10 mg of 4,4'­
dimethoxybenzophenone R in methanol R and dilute to 10 mL
with the same solvent. To 1 rnL of the solution add 2 mL of
the test solution and dilute to 100 mL with methanol R.
Dilute 1 mL of this solution to 10 mL with methanol R.
Column:
- size: I;;;; 0.25 m, 0 ;;;; 4.6 mID;
- stationary phase: base-deactivated octaduy/silyl siJi<a gelfor

chromarography R (5 um);
- temperature: 40°C.

Mobile phase:
- mobile phaseA: mix 5.0 mL of morpholinefor

chromatography R with 995 mL of waterR and adjust ro
pH 7.0 with phosphotic acidR; use within 24 h;

- mobile phaseB: acetonitrile R, methanol R, tetrahydrofuran R
(1:1:1 VIV/JI);66104-23-2410.6

(Ph. Bur. monograph 1555)

Exactly 10 min after adding the haemoglobin solution R, stop
the reaction by adding, at intervals 0£30 s, 10.0 mL of
trichloroacetic acid solution R to tubes Sh 82, 53 and T (the
use of a fast-flowing or blow-out pipette is recommended)
and mix.

Filter the contents of each tube (samples and blanks) twice
through the same suitable filter paper previously washed with
a 50 gIL solution of trichloroacetic acidR, then with water R
and dried. Discard the first 5 mL of filtrate. Place 3.0 mL of
each filtrate separately in a tube containing 20 mL of
waterR. "'!ix.
A suitable filterpapercomplies with thefollowing test Filter
5 mL of a 50 gIL solution of trichloroacetic acidR through a
7 em disc of whire filter paper: the absorbance (2.2.25) of the
filtrate, measured at 275 nm using unfiltered trichloroacetic
acidR solution as the compensation liquid, is less than 0.04.

Add to each tube 1.0 mL of sodium hydroxide solution Rand
1.0 mL of phosphomolybdotungsti< reagenr R, beginning with
the blanks and then the samples of each set, in a known
order.

A schematic presentation of the above operations is shown in
Table 0682.-1.

After 15 min measure the absorbance (2.2.25) of solutions
s., S2' Sj, SIb, S2b' S3b and T at 540 om using the filtrate
obtained from tube B as the compensation liquid. Correct
the average absorbance values for the filtrates obtained from
tubes SI, S2 and Sa by subtracting the average values
obtained for the filtrates from tubes Sib' Slb' S3b respectively.

Draw a calibration curve of the corrected values
against volume of reference solution used. Determine the
activity of the substance to be examined using the corrected
absorbance for the test solution (T - T b) together with the
calibration curve and taking into account the dilution factors.

STORAGE
Store in an airtight container, protected from light, at a
temperature of 2 °C to 8°C.

LABELLING
The label states the activity in European Pharmacopoeia
Units per milligram.

Pergalide Mesilate

Action and use
Dopamine receptor agonist; treatment of Parkinson's disease. Time

(min)
Mobile phase A
(per cent VA')

MobUe pheae B
(per cent VA')

PhEIr ~ _

DEFINITION
(6aR,9R,1OaR)-9-[(Methylsuifanyl)methyl]-7-propyl­
4,6,6a,7,8,9, 10,1Oa-oetahydroindolo[4,3-fg]quinoline
monomethanesulfonate.

0-35

35 - 40

40 ~ 50

Flow rate 1 mllrnin.

70 0

0 70

'0

30 100

100 30

30
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____________________ PhEII

**** ** *<,»

107133-36-8441.6

Perindopril Erbumine
(pnindopn"lrert-Butylamine, Ph. Eur. monograph
2019)

e"H.,,N,O,

Action and use
Angiotensin convening enzyme inhibitor.

Preparation
Perindopril Erbumine Tablets

B. (6aR,9R,10aR)-9-[(methylsuifonyl)methyl]-7-propyl­
4,6,6a,7,8,9, 10,1Oa-octahydroindolo[4,3-fg]quinoline
(pergolide sulfone).

therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) B.

PhEII _

A. (6aR,9R,IOaR)-9-[(methyisuifinyl)methyl]-7-propyl­
4,6,6a,7,8,9, I0, 1Oa-oetahydroindolo[4J3-fg] quinolme
(pergolide sulfoxide),

DEFINITION
2-Methylpropan-2-amine (2S,3aS,7aSj-I-[(2Sj-2-[[(ISj-I­
(ethoxycarbonyl)butyl]amino]propanoyl]octahydro-IH­
indole-2-carboxylate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, slightlyhygroscopic, crystalline
powder.

Solubility
Freely soluble in water and in ethanol (96 per cent), soluble
or sparingly soluble in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
A. Specific optical rotation (2.2.7): -69 to -66 (anhydrous
substance).

Detection Spectrophotometer at 280 om.

Injection 20 ilL.

System suitability Reference solution (b):
- resolution: minimum. 2.0 between the peaks due to

4,4'-dlmerhoxybenzophenone (IS[ peak) and pergolide
(2"d peak).

Limits:
- impurity A: not more than me area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.1 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.02 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 105 QC for 1 h.

SuHated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29).

Solution A Dissolve 5.0 mg of tn-methionine R in 500 mL of
0.01 M hydrochloric acid. Add 500 mL of meihanol Rand
mix.

Testsolution Dissolve 65.0 mg of the substance to be
examined in solution A and dilute to 100.0 mL with
solution A. Dilute 10.0 mL of this solution to 100.0 mL with
solution A. \

Reference solution Dissolve 65.0 mg of pergolide mesilate GRS
In solution A and dilute to 100.0 mL with solution A. Dilute
10.0 mL of this solution to 100.0 mL with solution A.
Cdumn:
- size: 1= 0.25 m, 0 = 4.6 mID;
- statUma,y phase: base-deaaioated 1Xty!si1y1 siIka gelfor

chromaragraphy R (5 urn);
- temperature: 40 "C.

J\lIobile phase Mix 1 volwne of acetonitrile R, 1 volume of
methanol Rand 2 volumes of a mixture prepared as follows:
dissolve 2.0 g of sodium oaanesulforuue Rin waterR, add
1.0 mL of aI/hydrous 'acetic acidR and dilute to 1000 mL
with WaterR.
Flaw rate I mUmin.

Detection Spectrophotometer at 280 nm.
Injection 20 ~L.

Retention time Pergolide = about 9 min.
System suitability Reference solution:
- symmetry !CUIOr. maximum ·1.5 for the peakdue to

pergolide.

Calcuiate the percentage content of C,oH,oN,O,S, from the
assigned content of pergoh"de meslkue CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.

Otherdetectable impurities (the foIlawil/g substal/ces would, if
present at a sufficient level, bedetected by one orother 0/the tests
in themonograph. Theyare limited by the general acceptance
criterion for othedunspeafied impurities andlor l>y thegeneral
monograph Substances for pharmaceutical use (2014). II is
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Dissolve 0.250 g in ethanol (96 per Ct!nt) R and dilute to
25.0 mL with the same solvent.

B. Infrared absorption spectrophotometry (2.2.24),

Comparison pen"ndopnl ten-butylamine CRS.

If the spectra obtained show differences, dissolve the
substance to be examinedand the reference substance
separately in methylene chloride R, evaporate to drynessand
recordnew spectrausing the residues.
C. Examine me chromatograms obtained in the test for
impurity A.

Results In the chromatogram obtained with me test solution
a spot is observed with the same Rp as the spot with the
higher Rp in the chromatogram obtainedwith reference
solution (c) (tert-butylamine).

TESTS
Impurity A
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in methanol R and dilute [0 10.0 mL with thesame
solvent.
Reference solution (a) Dissolve 5 mg of perindopril
impurityA CRS in methanolR and dilute to 25.0 mL with the
same solvent.
Reference mution (b) Dilute 5.0 mL of reference solution (a)
to 20.0 mL with methanol R.
Reference solution (c) To 5 mL of reference solution (a) add
5 mL of a 20 gIL solution of l,l-dimethylethylamine R in
methanol R.
Plate TLC silica gelplate R.

Mobile phase glacial acetic add R) toluene R, methanol R
(1:40:60 VIVIY).

Application 10 JlL of the test solution and reference
solutions (b) and (c).

Deodopmem Over 2/3 of the plate.

Drying In a current of warm air.
Delation Expose to iodine vapour for at least 20 h.
System suitability Reference solution (c):
- the chromatogram shows 2 clearlyseparated spots.
Limit:
- impurity A: any spot due to impurity A is not more

intense than the spot in the chromatogram obtained with
reference solution (b) (0.25 per cent).

Stereochemical purity
Liquid chromatography (2.2.29).

Test solution Dissolve 20 mg of the substance to be
examined in ethanol (96 per cent) R and dilute to 10.0 mL
with the same solvent.
Rt/erence solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with ethanol (96 percem) R. Dilute 1.0 mL of this
solution to 10.0 mL with ethanol (96 per cenO R.
Reference solution (b) Dissolve 10 mg of perindoprilfor
stereochemical purity CRS (containing impurity l) in ethanol
(96 percenO R and dilute to 5 mL with the same solvent.

Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromotagraphy R (5 um);
- temperature: 50°C for the column and the tubing

preceding the column (the method has been developed
with a temperature of 50 °C for at least 30 em of the
tubing preceding the column).

Perindopril Erbumine 11-573

Mobl7e phase Mix, in the following order, 21.7 volumes of
acetonitrile RJ, 0.3 volumesof penumd R, and 78 volumes of
a 1.50 gIL solution of sodium hepumesulfonate R previously
adjusted to pH 2.0 with a mixture of equalvolumes of
perchloric add R and waterfor chromarography R.
Flew rate 0.8 mIlmin.

Detection Spectrophotometer at 215 nm.
Equilibmtion Minimum 4 h.

Injection 10 ~L.

Identification of impuruies Use the chromatogram supplied
with perindopn"l for stereochemical pun·,y CRS and the
chromatogram obtained withreference solution (b) to
identify the peak due to impurity I.
Run time 1.5 times the retention timeof perindopril.
Relaltve retention Withreference to perindopril (retention
time =about 100 min): impurity I =about 0.9.

System suitabl1ity:
- the chromatogram obtained withreference solution (b) is

similar to the chromatogram supplied with perindopriJ for
stereochemical pun·ty CRS;

- signal-to-noise ratio: minimum 3 for the principal peakin
the chromatogram obtained withreference solution (a);

- peak-to-valley ratio: minimum 3, where Hp = heightabove
the baseline of the peak due to impurity I and
H", = height abovethe baseline of the lowestpoint of the
cwve separating this peakfrom the peak due to
perindopril in the chromatogram obtained with reference
solution (b).

Limits:
- impurity I: not more than the area of the principal peakin

the chromatogram obtained withreference solution (a)
(0.1 per cent);

- unspecified impun'ties: for each impurity, not more thanthe
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- disregard limit: disregard anypeakwitha relative retention
with reference to perindopril of less than 0.6 or more
than 1.4.

Related substances
Liquid ebsomatography (2.2.29). Prepare the solutions
immeduudybefore use or maintain them at a temperature below
to-c.
Testsolution Dissolve 60 mg of the substance to be
examined in mobile phaseA and dilute to 20.0 mL with
mobile phase A.

Reference solution (a) Dissolve 3 mg of pen'ndopri/ for peak
identification CRS (containing impurities B, E, F, Hand K)
in I mL of mobile phase A.

Reference solution (b) Dilute 1.0 mL of the test solution to
200.0 mL with mobile phase A.

Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with mobile phase A.

Column:
- size: 1= 0.15 m, 0 = 4 mm;
- stationary phase: end-capped oety/silyl silica gelfor

chromawgraphy R (5 1JIIl);
- temperature: 60 "Cfor the columnand the tubing.

precedingthe column.
Mobilephase:
- mobile phaseA: waterfor chromawgraphy R adjusted to

pH 2.5 with a mixture of equal volumes of perchloric
acid R; and waterfor chromatography R;
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- mobile phaseB: 0.03 per cent VIV solution of perchkmc
acid R in acetoniuile Rl;

Time Mobile phase A MobUe phase B
(min) (per cent VIJI) (per cent VIJI)

0-5 95 5
5 - 60 95 ---0 40 5 ...... 60

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 215 nm.

Injection 20 ~L.

Identification of impurities Use the chromatogram supplied
with perindDpriJ for peak identijicatwn CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities B, E, F, Hand K.

Relativeretention With reference (Q perindopril (retention
time = about 25 min): impurity B = about 0.68;
impurity K = about 0.72; impurity E = about 1.2;
impurity F =about 1.6; impurity H =about 1.8 (impurity H
may be eluted as 1 or 2 peaks).

Systemsuitability Reference solution (a):
- peak-to-valley ratio: minimum 3, where Hp ::::: height above

the baseline of the peak due to impurity Band
H u =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity K.

Limits:
- impurityE: not more than 0.8 times the area of the

principal peak in the chromatogram obtained with
referencesolution (b) (0.4 per cent);

- impun·ty B: not more than 0.6 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- impurities F~ H: for each impurity; not more than
0.4 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

- unspecified impuritits: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 per cent).

"Waler (2.5.12)
Maximum 1.0 per cent, determined on 0.50 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.160 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.21}).

I mL of 0.1 M perchloric acidis equivalent to 22.08 mg
of C"H"N,05.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A~ BJ E, FJ H, 1.
Other detectable impurities (the following substances uvndd, if
present at a sufficient level, be detected by oneor otherof the tests

2022

in the monograph. They are limited by thegeneral acceptance
criterion for otherhmspeclfied impurities and/or by the gmeral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun·ties for
demonstration of compliance. See also 5.10. Conod of impuruies
in substances for pharmaceutical use) C, DJ GJ JJ K, L, kf,
N, 0, P, Q, R, S, t; U, v, Wi XJ Y, Z, AA, BB) ce.

A. (2S,3aS,7aS)-oClahydro-IH-indole-2-carboxylic acid,

B. (ZS,3aS,7aS)-I-[(2S)-2-[[(IS)-I-carboxybutyl]
amino)propanoyl]oclabydro-IH-indole-2-carboxylic acid
(perindoprilar),

c. (2S)-2-[(3S,5aS,9aS, 10aS)-3-methyl-I,4­
dioxodecabydropyrnzino[I,2-a)indol-2(11I)-yl]penlanoic
acid,

D. (2S)-2-[(3S,5aS,9aS,IOaR)-3-methyl-I,4­
dioxodecabydropyrnzino[ I ,2-a]indo1-2( I11)-yl)pentanoic
acid,

E. (ZS,3aS,7aS)-I-[(2S)-2-[(1S)-1-[(1­
methylethoxy)carbonyl)butyl]amino]propanoyl]OClahydro­
IH-indole-2-carboxylic acid,

F. ethyl (2S)-2-[(3S,5aS,9aS,IOaS)-3-methyl-I,4­
dioxodecabydropyrnzino[I ,2-a) indol-2( I11)-yl)pentanoate,
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Go
N--( 0 H

00=(. N~11"cO'H endeplmer at c"
.r-)( : H

HJC H CH3 H

H

G. (2S,3aS,7aSJ-I-[(2SJ-2-[(5RSJ-3-cyclohexyl-2,4-dioxo-5­
propylimidazolidin-I-yl]propanoyl]octahydro-IH-indole-2­
carboxylic acid,

andepimerat C·

H. (2S,3aS,7aSJ-I-[(2SJ-2-[(5RSJ-3-cyclohexyl-2-
(cyclohexylimino)-4-oxo-5-propylimidazolidin-I-yl)
propanoyl]oetahydro-lH-indole-2-carboxylic acid,

1. (2RS,3aRS,7aRSJ-I-[(2RSJ-2-[[(ISR)-I­
(ethoxycarbonyl)butyl]amino)propanoyl]oetahydro-IH­
indole-2-carboxylic acid « ±)-1 "-epi-perindopril),

J. (2S,3aS,7aSJ-I-[(2SJ-2-aminopropanoyl]oetahydro-IH­
indole-2-carboxylic acid,

K (3S, 5aS,9aS, lOaSJ-3-methyldecahydropyrazino[I,2-a)
indole-Ld-dione,

L. (2S,3aS,7aSJ-I-acetyloetahydro-IH-indole-2-carboxylic
acid,

Perindopril Erbumine II-575

M. (2S,3aS,7aSJ-I-[(2SJ-2-[[ (1SJ-I-(methoxycarbonyl)butyl)
amino)propanoyl]oetahydro-IH-indole-2-
carboxylic acid,

N. (2SJ-3-qclohexyl-2-[[(2SJ-2-[[( ISJ-I­
(ethoxycarbonyl)butyl]amino]propanoyl]amino)propanoic
acid,

o H

o HIl.s·co,H
H'C~~~11'"HN

o~ H CH3 H
",cJ 0 H H

O. (2S,3aS,7aSJ-I-[[(2S,3aS,7aSJ-I-[(2SJ-2-[[(ISJ-I­
(ethoxycarbonyl)butyl]amino]propanoyl)oetahydro-IH­
indol-2-yl]carbonyl]oetahydro-IH-indole-2-carboxylic
acid,

1-[2-[[1-(ethoxycarbonyl)butyl) amino] propanoyl]oetahydro­
IH-indole-2-carboxylic acid,
P. (2RS,3aRS,7aRSJ-, (2'SK)-, (l"RSJ-:

(±)-2'-epi-perindoprjl,

Q. (2RS,3aRS,7aSK)-, (2'RSJ-, (I "RSJ-:
(±)-7a-epi-perindopril,

R. (2RS,3aSR,7aRSJ-, (2'RSJ-, (I "RSJ-:
(±)-3a-epi-perindopril,

S. (2SR,3aRS,7aRSJ-, (2'RSJ-, (I "RSJ-:
(± )-2-epi-perindopril,

T. (2RS,3aRS,7aRSJ-, (2'SK)-, (I"SK)-:
(± )-1 ",2'-di-epi-perindopril,

U. (2RS,3aRS,7aSR)-, (2'RSJ-, (I "SK)-:
(±)-1 ",7a-<li-epi-perindopril,

V. (2SR,3aSR,7aRSJ-, (2'RSJ-, (I "RSJ-:
(±)-2,3a-di-epi-perindopril,

W.(2SR,3aRS,7aRSJ-, (2'RSJ-, (l "SK)-:
(± )-1 ",2-di-epi-perindopril,

X. (2SR,3aRS,7aSR)-, (2'RSJ-, (l"RSJ-:
(±)-2,7 a-di-epi-perindopril,

Y. (2SR,3aRS,7aRSJ-, (2'SK)-, (l "RSJ-:
(±)-2,2'-di-epi-perindopril,

Z. (2RS,3aSR,7aRSJ-, (2'RSJ-, (l "SK)-:
(±)-1",3a-<li-epi-perindopril,

AA. (2RS,3aSR,7aSR)-, (2'RSJ-, (I"RSJ-:
(± )-3a,7a-<li-ep,cperindopril,
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BB. (2RS,3aSR,7aRSJ-, (2'SR)-, (I "RSJ-:
(±)-2',3a-di-epi-perindopril,

CC. (2RS,3aRS,7aSKj-, (2'SR)-, (1"RSJ-:
(±)-2',7a-di-epi-perindopril.

Reference solution (aJ Dissolve 50 mg of permethtin for system
suitability CRS (containing impurities B, C and G) in
heptane R and dilute to 1.0 mL with the same solvent.

Reference SolUtW11 (b) Dilute 1.0 mL of the test solution to
100.0 mL with heptane R. Dilute 1.0 mL of chis solution (0

20.0 mL with heptane R.

Column:
- material: fused silica;
- size: 1= 15 m, 0 = 0.53 mm;
- stationary phase: me,hy/po/ysiloxane R (film thickness

1.5 urn).

Carrier gas nitrogen for chromatography R.
Fl= rate 12.0 mUmin.

Split ratio 1:10.
Temperature:

Permethrin (25:75)
(Ph. Eur. monograph 1762)

lt
d

H .! 0V°,().... I I
CH ~ ,

CH a
CI a 3 its spimer al C·

and theirenantomers

391.3
Undefined cis/trans ratio

Action and use
Insecticide.

**** ** ** ****

52645-53-1
Column

Injecuon port

Detector

Thn.
(mIn)

0-2

2 - 26.5

26.5 - 40.5

Temperature

CC)
4'

45 --0 290

290

250

290

PhE" _

DEFINITION
Mixture of the cis and trans isomers of
(3-phenoxyphenyl)methyl (IRS,2RSJ-2-(2,2-dichJoroethenyl)­
3,3-dimethylcyclopropane-I-carboxylate.

Content
- total: 98.0 per cent to 102.0 per cent (anhydrous

substance);
- cis isomer: 23.0 per cent to 27.0 per cent (anhydrous

substance);
- trans isomer: 73.0 per cent to 77.0 per cent (anhydrous

substance).

CHARACTERS
Appearance
Colourless or slightlybrownish viscous liquid, semi-solid or
crystalline solid.

Solubillty
Practically insoluble in water, very soluble in heptane, freely
soluble in anhydrous ethanol, sparingly soluble in ethylene
glycol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.2f).

Comparison prrmethrin (25:75) CRS.

B. Examine the chromatograms obtained in the assay.

Results The 2 principal peaks in the chromatogram obtained
with the test solution are similar in retention time and in
cis/trans ratio to the 2 principal peaks in the chromatogram
obtained with the reference solution (cis/trans
ratio =about 0.3).

TESTS
Related substances

. Gas chromatography (2.2.28): use the normalisation
procedure.
Test solution Wann the substance to be examined at
70-85 °C for 20 min. Dissolve 1.0 g of this substance in
heptane R and dilute to 20.0 mL with the same solvent.

Detection Flame ionisation.

Injection 1 ~IL

identification of impuniies Use the chromatogram supplied
with permethrin for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities B, C and G.

Relativeretention With reference to permethrin (retention
time = about 24 min): impurity B =about O.5j
impurity C =about 0.7; impurity G =about 0.9.

Systemsuitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity G and permethrin,
Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity B by 1.5j
- impun·ties B, C: for each impurity) maximwn

0.15 per cent;
- unspecified impuniies: for each impurity, maximum

0.10 per cent,
- totol: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent (reference solution (b)).

Water (2.5.32)
Maximum 0.25 per cent, determined on 0.100 g using the
evaporation technique:
- temperature: 110 °Cj
- heating time: 3 min.

Sulfated ash (2.4.1f)
Maximum 0.1 per cent. determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29).

Test solution Wann the substance to be examined at
70-85 °C for 20 min. Dissolve 0.100 g of this substance in
the mobile phase using sonication and dilute to 50.0 mL
with the mobile phase.

Reference solution Warm permethrin (25:75) CRS at 70-85 °C
for 20 min. Dissolve D.JOO g of this substance in the mobile
phase using sonication and dilute to 50.0 mL with the
mobile phase.
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Column:
- size: I;;;; 0.25 m, 0 =4.6 mm;
- stationary phase: silica gelfor chromatography R (5 J.tm)j
- lemperamre: 30°C.

Mobile phase dioxan R, heprane R (1.1:98.9 VII').

Flow rate 1.2 mf/min.

Detection Spectrophotometer at 280 run.

Injection 20 «r,
Run time Twice the retention time of cis-pennethrin.

Retention time cis-permethrin =about 6 min.

Elution order c,s-pennethrin, trans-pennethrin.
Systemsuitabl7ity Reference solution:
- resolution: minimum 2.0 between the peaks due to cis­

pennethrin and tram-permethrin.
Calculation of percentage contents:
- calculate the percentage content of cis-permethrin and

trans-permethrin by normalisation;
- calculate me percentage content of C21H20CJ203 taking

into account the assigned contentof
permethrin (25:75) CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impuriues B~ C.
Otherdetectabl« impurities (thefollowing substances would, if
present at a sufficient Ievd, be detected by one or ocher of the tests
in the monograph. Theyare limited by the general aaeptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substonces forpharmaceudcal use (2034). It is
therefore not neassary to identify these impun°ties for
demonstration of compliance. Seealso 5.10. Control of impun'ties
in substances forpharmaceutical use) AJ DJEJFJ OJ H.

Ao I-methyl-3-phenoxybenzene,

Perphenazine II-577

H

11
-' CO,H

....

CH3 itsepimer at C·
Cl Cl CH3 and theirenanliomers

F. (IRS,2RS)-2-(2,2-dichloroethenyl)-3,3­
dimethylcyc1opropane-l-carboxylic acid)

xeo

, °
H.' ° "" I "" I»: CH V U

CI CH3 3
itseplmerat C'
andlheirenan60mers

G. 3-(phenoxyphenyl)methyl (IRS,2RS)-2-(chloroethynyl)­
3J3-dimethylcyclopropane-l-carboxylateJ

£k:
0 :,h0H

H • 0 • H. .
CH3 H3C

CI CI CH3 H3CCI CI

H. 2-(2,2-dichloroethenyl)-3,3-dimethylcydopropane-l­
carboxylic anhydride.

_____________-------PhE"

Perphenazine
(ph. Bur. monograph 0629)

~
, o

H.." OCH,

CH3 itsepme-at C*
Cl Cl C~ andtheir enanliomers

404.0

Action and use
Dopamine receptor antagonist; neuroleptic,

58-39-9

B. methyl (I RS,2RS)-2-(2,2-dichloroethenyl)-3,3­
dimethylcyclopropane-l-carboxylateJ

C. (3-phenoxyphenyl)methanol,

D. 3-phenoxybenzaldehyde,

E. 1-(chloromethyl)-3-phenoxybenzene,

PhE" _

DEFINITION
2- [4-[3-(2-Chloro-1 OH-phenothiazin-I O-yl)propyl]piperazin­
I-yl]ethanol.

Content
99.0 per cent [0 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white) crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, soluble in ethanol (96 per cent), It dissolves in
dilute solutions of hydrochloric acid.

IDENTIFICATION
A. Melting point (2.2.14): 96"C to 100 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison perphenazine CRS,
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II-578 Pethidine Hydrochloride 2022

_____________________ Ph[1I

PhE'<r _

50-13-5

**** ** ** ****

HCI

283.8

Action and use
Opioid receptor agonist; analgesic.

Preparations
PethidineInjection
Pethidine Tablets

(ph. Bur. monograph 0420)

Pethidine Hydrochloride

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuoat 65 °C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, derennined on 1.0 g.

ASSAY
Dissolve 0.150 g in 25 mL of anhydrous acetic acid R. Titrate
with O.l1\tIperchlosic aciddetermining the end-point
potentiometrically (2.2.20).
1 mL of 0.1 M petchioric acid is equivalent to 20.20 mg of
C2 .H2.CIN30 S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

A. 2-[4-[3-(2-chloro-5-oxido-IOH-phenothiazin-Io-yl)propyl]
piperazin-l-yl]ethanol,

("'1
YN~Nl
~SD ~N~o I OH

% Cl

B. 2-[4-[3-(1OH-phenothiazin-Io-yl)propyl]piperazin-I-yl]
ethanol.

DEFINITION
Ethyl l-methyl-4-phenylpiperidine-4-<:arboxylate
hydrochloride.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

Time MobIle phase A MobUe phase B
(mJn) (per cent JIll') (per cent JIll')

0-5 \00 0

5 - 10 tOO ---> 80 o ---> 20

10 - 33 80 ---> 30 20 ---> 70

33 ~ 48 30 ---> 100 70 ---> 0

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.20 g in 10 mL of methanol R.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use. Cany out the test protected from light.
Testsolution Dissolve 20 mg of the substance to be
examined in mobilephase A and dilute to 10.0 mL with
mobile phase A.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution {Q 10.0 mL with mobile phase A.

Reference solution (b) Dissolve 2 mg of perphenazine for
system suitability CRS (containing impurities A and B) in
1.0 mL of mobile phase A.

Column:
- size: I ::;;; 0.25 m, 0 ;;:; 4.6 mm;
- stationary phase: spherical base-deactivated oClylsily1 silica gel

for chromatography R (4 urn);
_ temperature: 30 "C.

Mobile phase:
- mobile phase A: mix 35 volumes of acetonitrile Rand

65 volumes of a 7 gIL solution of sodium dihydrogen
phosphate R;

- mobile phaseB: acetonitrile R;

Flow rate 1.3 mUmin.
Detection Spectrophotometer at 245 nm.
Injection 1O~.

Identification of impurities Use the chromatogram supplied
with perphenazine for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and B.
Relative retention Withreference to perphenazine (retention
time =about 12 min): impurity A =about 0.3;
impurity B = about 0.8.

S.l"tem suitability Reference solution (h):
- resolution: minimum 4.0 between the peaksdue to

impurity Band perphenazine.
Limits:
- correction factor; for the calculation of content, multiply the

peak area of impurity A by 0.6;
- impun"ty A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impurity B: not more than 5 times the area of the
principal peakin the chromatogram obtainedwith
reference solution (a) (0.5 per cent);

- unspecified impurities: for each impurity, not more than me
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.0 per cent);
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PRODUCTION
If intended for use in the manufacture of parenteral
preparations} the manufacturing process is validated to show
that the content of impurity B is not more than 0.1 ppm.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Verysoluble in water, freely soluble in alcohol.

IDENTIFICATION
First idemificau'on: B, D.

Second identification: A, C, D.

A. Melting point (2.2.14): 187 'C to 190 'C.

B. Infrared absorption spectrophotometry (2.2.24).,

Comparison Ph. Bur. reference spearum of pethidine
hydrochloride.

C. Dissolve 0.1 g in 10 mL of ethanol R and add 10 mL of
pioic acidsohuion R. A crystalline precipitate is formed which,
when washed with water R and dried at 100-105 °C, melts
(2.2.14) at 186 'C to 193 'C. Mix equal quantities of the
precipitate and the substance to be examined and determine
the melting point of the mixture. The melting point is at least
20°C lower man that of the precipitate.
D. To 5 mL of solution S (see Tests) add 5 mL of waUr R.
The solutiongives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free water R and dilute to
25 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

Acidity or alkalinity
To 10 mL of solution S add 0.2 mL of methyl red solution R
and 0.2 mL of 0.01 M sodium hydroxide. The solution is
yellow. Add 0.3 mL of 0.01 M hydrochloric add. The solution
is red.
Impurity B
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 0.100 g of the substance to be
examined in a mixture of 20 volumes of acetonitrile R and
80 volumes of waterR and dilute to 25.0 mL with the same
mixture of solvents.
Testsolution (b) Dissolve0.125 g of the substance to be
examined in a mixture of 20 volumes of acetonitrile Rand
80 volumes of water R and dilute to 10.0 mL with the same
mixture of solvents.
Reference solution (a) Dilute 0.5 mL of test solution (a) to
100.0 mL with a mixture of 20 volumes of acetonitrile Rand
80 volumes of waterR.
Reference solution (b) Dissolve 10.0 mg ofpetln'dine
impurity A CRS in a mixture of 20 volumes of acetonitrile R
and 80 volumes of water R and dilute to 100.0 rnL with the
same mixture of solvents.
Reference solution (c) Dissolve 12.5 mg of 1-methyl-4-phenyi­
lj2 j3j6-tetrahydropyridine R in a mixture of20 volumes of
acetonitrile Rand 80 volumes of water R and dilute to

10.0 mL with the same mixture of solvents. Dilute 1.0 mL of
the solution to 100.0 mL with a mixture of 20 volumes of
acetonitrile R and 80 volumes of waterR.
Reference solution (d) Dilute 5.0 mL of reference
solution (b) and 1.0 mL of reference solution (c) to

Pethidine Hydrochloride 11-579

100.0 mL with a mixture of 20 volumes of acetonitrile Rand
80 volumes of waterR.
Column:
- size: 1= 0.25 m, 0 =4.0 mm,
- stationary phase: spherical end-capped oaadecylsilyl silica gel

for chromatography R (5 um) with a specific surface area of
340 m2/g, a poresize of 10 nm and a carbon loading of
19per cent.

Mobile phase:
- mobile phaseA: mix equal volumes of a 42.0 gILsolution

of sodium perchlorate R and of a 11.6 gILsolution of
phosphoric acid R, adjust to pH 2.0 with {n'ethylamine R,

- mobile phase B: acetonitrile R,

Tlmo Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VI11

0- l5 80 -+ 75 20 --> 25

15 - 31 75 --> 55 25 --> 45

31 - 40 55 4'

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 210 nm.

Injection 50 ilL; injecttest solution (b) and reference
solution (d).

Relative retention Wilh reference to pethidine (retention
time= about 24 min): impurity B = about 0.66;
impurity A =about 0.68.

System suitability Reference solution (d):
- signal-to-noise ratio: minimum 10 for the first peak,
- peak-to-va/fey ratio: minimum 4, where Hp = height above

the baseline of the peak due to impurity B, and
H I1 = heightabove the baseline of the lowestpoint of the
curve separating this peak from the peak due to
impurity A.

Limit:
- impurity B: not more thanthe area of the corresponding

peak in the chromatogram obtained withreference
solution (d) (10 ppm) if intended for non-parenteral
administration.

Related substances
Liquid chromatography (2.2.29) as described in the test for
impurity B with the following modifications.
Injection 20 ilL; injecttest solution (a) andreference
solution (a).

Limits:
- any ;mpun'ty: not morethan the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.5 percent),

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(1.0 per cent),

- disregard limit 0.1 times the area of theprincipal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.220 gin 50 mL of akohol R. Add 5.0 mL of
0.01 M hydrochloric add. Titrate with 0.1 M sodium hydroxide
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II-S80 Phenazone

determining the end-point potentiometrically (2.2.2{}). Read
the volume added between the 2 pointsof inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 28.38 mg of
C1sH22ClNOZ'

STORAGE
In an airtight container, protected from light.

LABELLING
The labelstates, where applicable, thatthe substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES

A. l-methyl-4-phenylpiperidine (MPP),

B. l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP),

C. I-methyl-4-phenylpiperidine-4-carboxylic acid,

2022

H. ethyl l-benzyl-4-phenylpiperidine-4-earboxylate,

I. ethyl (4RS)-I-methyl-4-phenyl-1 ,2,3,4-tetrahydropyridine­
4-carboxylate,

J. ethyl l-ethyI4-phenylpiperidine-4-carboxylate.
_~ ""E..

Phenazone
(Ph. Eur. monograph 0421)

Action and use
Analgesic; used to test hepatic drug-metabolizing activity.

188.2 60-80-0

D. methyl l-methyl-4-phenylpiperidine4-earboxylate,

E. ethyl 4-phenylpiperidine-4-carboxylate,

F. l-benzyl-4-phenylpiperidine-4-earboxylic acid,

G. l-rnerhylethyl I-methy14-phenylpiperidine-4-carboxylate,

""Ell _

DEFINITION
1,5-Dimethyl-2-phenyl-I,2-dihydro-3H-pyrazol-3-one.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powderor colourless
crystals.

Solubility
Verysoluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
First identificati<m: A, B.

Second idemlfication: A, C, D.
A. Melting point (2.2.14): 109"C to 113 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison phenazone CRS.
C. To I mL of solution S (see Tests) add 4 mL of water R
and 0.25 mL of dilute sulfuri< add R. Add I mL of sodium
n;m'te solution R; a greencolour develops.
D. To I mL of solution S add 4 mL of water R and 0.5 mL
of ferY'W chloride solution R2, A red colourdevelops which is
discharged on the addition of dilute su!fun'c add R.
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2022 Phenelzine Sulfate II-581

A. 5-methyl-2--phenyl-2,4-dihydso-3H-pyrawl-3-one.
__________________ ""£<1

Phenelzine Sulfate
Phenelzine Sulphate

156-51-4234.3

HV N
' NH2

Dilute 10 mL of solution S to 15 mL with water R.

Sulfates (2.4.1J)
Maximum 100 ppm.

Dissolve 15 g in distilled waterR and dilute to IS mL with
the same solvent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
vacuo at 60°C for 6 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 20 rnL of water R. Add 2 g of sodium
acela" R, 1 mL of dilute acetic acidRand 25.0 rnL of 0.05 M
iodine. Allow to stand protected from lightfor 30 min.
Add 25 rnL of methylene chloride R and shake until the
precipitate dissolves. Titrate wlth 0.1 A-1 sodium thiosulfate,
using 1 mL of starch solution R, added towards me end of the
titration, as indicator. Carry out a blanktitration.
1 mL of 0.05 M iodine is equivalent to 9.41 mg of
CI1H12N20.

STORAGE
Protectedfrom light.

IMPURITIES
Specified impurities A.

Action and use
Monoamine oxidase inhibiter; antidepressant.

Preparation
Phenelzine Tablets

DEFINTI10N
Phenelzine Sulfate is phenethylhydrazine hydsogen sulfate.
It contains not Jess than 98.0% and not more than 102.0%
of CgH12N2,H2S04J calculated with reference to the dried
substance.

CHARACTERISTICS
A white powder or pearly platelets.
Freely soluble in water; practically insoluble in ethanol (96%)
and in ether.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R and dilute to

50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or alkalinity
To 10 rnL of solution S add 0.1 rnL of phenolphthalein
solution R; the solution is colourless. Add 0.2 rnL of 0.01 M
sodium hydroxide; the solution is red. Add 0.25 mL of methyl
redsolmion Rand 0.4 rnL of 0.01 M hydrochloric acid; rhe
solution is red or yellowish-red.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to

100.0 rnL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 5 mg of phenazone
impurity A CRS in the mobile phase, add 10 rnL of the test
solution and dilute to 20.0 mL with the mobile phase. Dilute
1.0 mL of this solution to 50.0 rnL with the mobile phase.

Reference sdudon (c) Dissolve 5.0 mg of phenazone
impurity A CRS in the mobile phase and dilute to 20.0 rnL
with me mobile phase. Dilute 1.0 mL of this solution to
100.0 rnL with the mohile phase. Dilute 1.0 rnL of this
solution to 10.0 mL with the mobilephase.
Column:
- size: 1= 0.15 m, «2) = 6.0 mm;
- stationary phase: spherical octodecy/si/yl silica gelfor

chromatography R (5 urn).

Mobile phase Dissolve 6.8 g of potassium dihydrogen
phospho" R in waterR and dilute to 1000 rnL with the same
solvent. Add 2 rnL of triethylamine R and adjust to pH 7.0
with sodium hydroxide sohuion R. Add 430 mL of methanol R.

Flow ra" 1.0 mUmin.
Detection Spectrophotometer at 254 run.
Injection 10 ~L.

Run time 3 times the retention time of phenazone.
Rekuioe retention With reference to phenazone (retention
time = about 13 min): impurity A = about 0.8.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaksdue to

impurity A and phenazone.
Limits:
- impurity A: not more than the area of me corresponding

peakin the chromatogram obtained with reference
solution (c) (0.05 per cent);

- unspecified impurities: for each impurity, not morethan
0.5 times the area of the principal peakin the
chromatogram obtainedwith reference solution (a)
(0.05 per cent);

- total: not more than the areaof the principal peak in the
chromatogram obtained with reference solution (a)
(0.1 per cent);

- disregard limit: 0.3 times the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.03 per cent).

Chlorides (2.4.4)
Maximum 100 ppm.
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II-582 Phenindione

IDENTIFICATION
A. The lighl absorption, Appendix II B, in the range 230 to
350 om of a 0.1 %w/v solution in a.os,\{ sulfri acid exhibits
three well-defined maxima, at 252, 258 and 263 nm.
The absorbances at the maxima ace about 0.62, about 0.77
and about 0.58, respectively.

B. Dissolve 0.1 gin 5 mL of wallr, makealkaline with
5M sodium hydroxide and add 1 mL of cupn-tonanc
solution RI. A red precipitate is produced.
C. Yields reaction A characteristic of sulfates, Appendix VI.

TESTS
Melting point
164° to 168°, Appendix V A.

Loss on drying
When dried over phosphorus pentoside at a pressure not
exceeding0.7 kPa for 24 hours, loses not more than 1.0% of
its weight. Use J g.

Sulfated ash
Not more than 0.1%, Appendix IX A.

ASSAY
Carry out the method for liquidchromatography,
Appendix In D, using the following solutions.
(1) 0.026% wlv of the substance to be examined in me
mobile phase.
(2) 0.026% wlv phenelzine sulfate BPCRS in 'he mobile phase.

CHROMATOGRAPHIC CONDITIONS

(a) A stainless steel column (15 cm x 3.9 mm) packedwith
ocwd«ylsilylSl1ica gelfor chromarography (5 urn) (WateES
Symmetry CI8 is suitable},"

(b) Use isocratic elution and the mobilephase described
below.
(c) Use a flow rateof 1.0 mL per minute.
(d) Use an ambient column temperature.
(e) Use a detection wavelength of 2JO nm.

(I) Inject 20 ~L of each solution.

MOBILE PHASE

40 volwnes of methanol R2 and 60 volumes of a solution of
0.216% w/v sodium oaanesulfonau and 0.68% wlv potassium
dihydrogen phosphate previously adjusted to pH 3.0 with
orthophosphoric acid.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (2), the symmetry factor of the principal peak is
between 0.8 and 2.0.

DETERi\UNATION OF CONTENT

Calculate the content of CSHI2N2,H2S0., in the substance
being examined using the declared contentof CsH12N2J
H2S04 in phenelzine sulfate BPCRS.

STORAGE
Phenelzine Sulfate should be protected from light.

2022

Phenindione

o

cQ-D
o

81-12-5

Acdon and use
Oral anticoagulant (indanedione).

Preparation
Phenindione Tablets

DEFINITION
Phenindione is 2-phenylindane-lJ3-dione. It contains not less
than 98.0% and not more than 102.0% of CI~I002'
calculated with reference to the dried substance.

CHARACTERISTICS
Soft, white or creamy whitecrystals.
Very slightly soluble in water, slightly soluble in ethatlol (96%)
and in ether. Solutions are yellowto red.

IDENTIFICATION
The infrared absorption spectrum, Appendix II A, is concordant
with the reference spectrum of phenindione (RS 268).

TESTS
Melting point
148° to 151°, Appendix V A.

Related substances
Carry out the method for liquid chromatographYJ
Appendix ill D J using the following solutions prepared
immediately before use.

(1) 0.25% wlv of the substance beingexamined in methanol.
(2) Dilute I volume of solution (I) to 200 volumes with
methanol.
(3) 0.0005% wlv each of phenindione BPCRS, phenylauoc
acid (impurity 3), benzalphrhalide (impurity 4) and phrhalic
acid(impurity 5) in methand.
(4) Dilute I volume of solution (2) 10 10 volumes of
methanol.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (10 ern x 4.6 mm) packed
with end-capped oClad«y/siiy1 silica gelfor chromarography
(3.5 urn) (X-bridge shield CI8 is suitable).

(b) Use gradient elution and the mobile pbase described
below.
(c) Use a flow tate of 1.5 mL per minute.

(d) Use a column temperature of 30°.
(e) Use a chilled auto-sampler temperature of 4°.
(I) Use a detection wavelength of 220 nm,

(g) Inject I 0 ~L of each solution.

MOBILE PHASE

iHobile phaseA 10 volumes acetonitrile, 10 volumes of a
1.36% wlv dipotassium hydrogen phosphate solutionpreviously
adjusted to pH 3.0 with orthophosphoric acid, and 80 volumes
of water.

J"fobile phase B J0 volumes waterand 90 volumes acetonitrile.
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Time (Mlnutes) MobUe phase A MobUe phase B Comment
(%vfv) ("/0vlv)

0-05 80 20 isocranc

05-10 80->50 20->50 linear gradient

100lJ 50 50 isocranc

13-21 50-+30 50-->70 linear gradient

21-22 30-->80 70-->20 linear gradient

22-25 80 20 re-equiljbration

When the chromatograms are recorded under the prescribed
conditions, the relative retentions with reference to
phenindione (retention time about 7 minutes) are:
impurity 5, about 0.2; impurity 3, about 0.4; impurity 1,
about 0.6; impurity 4, about 1.8 and impurity 2, about 2.4.

SYSTBM SUITABILITY

The test is not valid unless, in me chromatogram obtained
with solution (3) the resolution between the peaks due to
impurity 5 and impurity 3 is at least 4.6.

UMITS

In the chromatogram obtained with solution (1):

the area of any peak due to impurity 1 or 2 is not greater
than 0.6 times the area of the principal peak in the
chromatogram obtained with solution (2) (0.3% of each);

the area of any other secondary peak is not greater than
0.4 times the area of the principal peak in the chromatogram
obtained with solution (2) (0.2%);

the sum of the areas of all the secondary peaks is not greater
than 3 times the area of the principal peak In the
chromatogram obtained with solution (2) (1.5%).

Disregard any peak with an area less than the area of the
principal peak in the chromatogram obtained with solution
(4) (0.05%).

Loss on drying
When dried at 105° for 2 hours, loses not more than 1.0% of
its weight. Use 1 g.

Sulfated ash
Not more than 0.1%, Appendix IX A.

ASSAY
Carry out the method for liquidchromatography,
Appendix ill D, using th.e following solutions prepared
immediately before use.

Solution A 2% vlv glacial acetic add in acetonitrile.
(I) Mix with the aid of ultrasound 25 mg of Phenindione in
20 mL of O.OIM sodium hydroxide and add 50 mL of
solution A. Dilute to 100 mL with solution A.

(2) 25 mg ofphenindione BPCRS in 20 mL of 0.01'1 sodium
hydroxide and 30 mL of solution A. Make up to 100 mL with
solution A.

(3) 5 mg each of phenindione BPCRS and phenyla<eti< add
(impurity 3) in 5 mL of 0.01'1 sodium hydroxide and 5 mL of
solution A. Make up to 20 mL with solution A.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 cm x 4.6 mm) packed
with end-capped ocuuJecy/si1y1 silica gelfor chromatography
(5 urn) (Symmetry C 18 is suitable).

(b) Use isocratic elution and the mobile phase described
below.

(c) Use a flow rate of 1.0 mL per minute.

(d) Use an ambient column temperature.

(e) Use an autosampler temperature 0£4°.

(f) Use a detection wavelength of 250 run.

Phenindione II-583

(g) Inject I0 ~L of each solution.

MOBILE PHASE

40 volumes acetonitrile and 60 volumes of 0.68 % w/v
potassium dihydrogen phosphate previously adjusted to pH 3.5
with onhophosphoric acid.

SYSTEM SUITABIUTY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution between the peaks due to
impurity 3 and phenindione is at lease 6.0.

DETERMINATION OF CONTENT

Calculate the content of CI5H IO0 2 using the declared
content of CI5H1002 in phenindione BPCRS.

IMPURITIES
The impurities limited by the requirements of this
monograph include:

o

I. 2-hydroxy-2-phenyl-IH-indene-I,3(2H)-dione

2. 2'-diphenyl-IH,I'H-[2,2' -bi-indene]-I,I ',3,3'(2H,2'H)­
tetrone

~OH

V 6

3. phenylacetic acid

o

4. 3-benzylidene-2-benzofuran-I(3H)-one (benzalphthalide)

HO 0

ClOH
5. phthalic acid
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II-584 Pheniramine Maleate 2022

PIlE" _

Time Mobile phase A Mobile phase B
(min) (per cent VIP) (per cent VIP)

0-2 90 10

2 - 37 90 ..... 62 10 ..... 38

Flow rate 1 mUmin.
Detection Spectrophotometer at 264 om.

Injection 20 ~L.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaksdue to
impurities A and B.

Relativeretention Withreference to pheniramine (retention
time « about 31 min):maleic acid = about 0.1;
impurity A =about 0.9; impurity B =about 0.97.

Systemsuitability Reference solution (d):
- resohuion: minimum 1.5 between the peaksdue to

impurity B and pheniramine.
Limits:
- impurity A: not more than the area ·of the corresponding

peak in the chromatogram obtained with reference
solution (e) (0.2 per cent);

position and size to the lowerspot in the chromatogram
obtained with reference solution (b).

TESTS
Solution S
Dissolve 2.0 g in Water R and dilute to 20.0 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, iWethod II).

pH (2.2.3)
4.5 to 5.5.

Dissolve 0.20 g in 20 mL of carban dioxide-free water R.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture ace..nitrile R, mobile phase A (10:90 VIV).

Testsdution Dissolve 20.0 rng of the substance to be
examined in the solventmixture and dilute to 20.0 mL with
the solventmixture.
Reference solution (a) Dissolve 10.0 mg ofpheniramine
impurily A CRS and 10 mg of 4-benzylpyridine R (impurity B)
in 10.0 mL of the solvent mixture and dilute to 100.0 mL
with the solvent mixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference sdution (c) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with the solventmixture.
Referena solution (d) Dilute 1.0 mL of the lest solution to

. 10.0 mL with reference solution (a). Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:
- size: I;;;; 0.30 m, 0 = 3.9 mm;
- stationary phase: ocradecylsilyl silica gelfor chromatography R

(10 pm).

Mobilephase:
- mobile phase A: dissolve 5.056 g of sodium

hepulIIesuljonal< R in 900 mL of waterR, adjust to pH 2.5
with dilutephosphorit: acidR and dilute to 1000 mL with
water R;

- mobile phaseB: acetonitrile Rj

132-20-7

andenanliomer

356.4

Action and use
Histamine HI receptor antagonist; antihistamine.

DEFINITION
(3RS)-N,N-Dimethyl-3-phenyl-3-(pyridin-2-yl)propan-l­
amine (Z)-butenedioate.

Content
99.0 per cent (Q 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubillry
Verysoluble in water, freely soluble in ethanol (96 per cent),
in methanol and in methylene chloride.

IDENTIFICATION
First identification: C.
Second identification: A, B, fJ.
A. Melting point (2.2.14): 106·C to 109 ·C.

R Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 40.0 mg in 0.1 M bydrochlori: acidand
dilute to 100.0 mL with the same acid. Dilute 5.0 mL of the
solution to 50.0 mL with 0.1 M hydrochlorit: acid.
Spectrol range 220-320 run.

Absorption maximum At 265 run.

Shoulder At 261 run.

Specific absorbance al the absorption maximum 200 to 220.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison phenimmine maleate CR3.
D. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.10 g of the substance to be
examined in methanol R and dilute to 5.0 mL with the same
solvent.
Reference solution (a) Dissolve 65 mg of maleic acid R in
methanol R and dilute to 10 mL with thesame solvent.
Reference solution (b) Dissolve 0.10 g of pheniramine
maleate CRS in methanol R and dilute to 5.0 mL with the
same solvent.
PIal< TLC silica gelPm plateR.
AIobile phase waterR, anhydrous lonnie acid R, methanol R,
di-isoprapyl ether R (3:7:20:70 VIVIVIV).

Application 5 1'1..
Development Over 213 of the plate.

Detection Examine in ultraviolet light at 254 nm,

Results The chromatogram obtained with the test solution
shows 2 clearly separated spots; the upper spot is similar in
position and size to the spot in the chromatogram obtained
with reference solution (a); the lowerspot is similar in

(Ph. Eur. monograph 1357)

Pheniramine Maleate
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2022 Phenobarbital 11-585

A. 2-benzylpyridine,

IDENTIFICATION
First identificauon: A, B.
Second identification: A j C, D.
A. Determine the melting point (2.2.14) of the substance to
be examined. Mix equal parts of the substance to be
examined and phenobarbiud CRS and determine the melting
point of the mixture. The difference between the melting
points (which are about 176 °C) is not greater than 2 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison phenobarbItal CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in ethanol (96 percenl) Rand dilure to 10.0 mL
with the same solvent.

Reference solution Dissolve 10 mg ofphenobarbital CRS in
ethanol (96 percenO R and dilute 10 10.0 mL wirh rhe same
solvent.

PIa'" TLC silica gel GF'54 pia", R.
Mobile phase concentrated ammonia R, ethanol (96 per cent) R,
methylene chloride R (5:15:80 VIVIJI); use rhe lower layer.

Applicaticn 10 ~L.

Development Over 2/3 of the plate.

Detection Examine in ultraviolet lighr ar 254 urn.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

D. It gives the reaction of non-nitrogen substituted
barbirurates (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2j Method11).
Dissolve 1.0 gin. mixture of 4 mL of duu/< sodium hydroxide
so/utUm Rand 6 mL of waterR.

Acidity
Boil 1.0 g with 50 mL of waterR for 2 min, allow to cool
and filter. To 10 mL of rhe tilrrate add 0.15 mL of methylred
so/mum R. The solution is orange-yellow. Not more than
0.1 mL of 0.1 M sodium hydroxide is required to produce a
pure yellow colour.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.125 g of the substance to be
examined in 5.0 mL of methanol R and dilute to 25.0 mL
with the mobile phase.

DEFINITION
5-Erhyl-5-phenylpyrimidine-2,4,6(IH,3H,5H)-rrione.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Very slightly soluble in water, freely soluble in ethanol
(96 per cent).

It forms water-soluble compounds with alkali hydroxides,
carbonates and ammonia.

""£<1 _

50-06-6

~
o ~'?'o

H3C I
NH

f " 0

232.2

- impUn"lY B: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: maximwn 1.0 per cent;
- disregard limit: 0.5 times the area of the principal peak in

the chromatogram obtained with reference solution (b)
(0.05 per cent); disregard the peak due to maleic acid.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.130 gin 50 mL of anhydrous acetic add R. Titrate
with 0.1 J\il petthloric acid, determining me end-point
porenriomerrically (2.2.20).

I mL of 0.1 M perchloricacid is equivalenr ro 17.82 mg
of C,oH,.N,O,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A j B.

B. 4-benzylpyridine.

(Ph. Eur. monograph 0201)

Phenobarbital

____________________ ""£<1

Acdon and use
Barbiturate.

Preparations
Phenobarbital Elixir

Phenobarbital Tablets

www.webofpharma.com



II-586 Phenobarbital Sodium 2022

Pf>E,.. _

___________________ PIlE,..

57-30-7254.2

df
o ~yONaH,C

N

"' 0

Action and use
Barbiturate.

Preparations
Phenobarbital Injection
Paediatric Phenobarbital Oral Solution

Phenobarbital Sodium Tablets

(ph. Eur. monograph 0630)

Phenobarbital Sodium

HN ~vo

H'CSf;'. NHo 0 andenantiomer

in themonograph. Theyare limited by thegeneral alXeptance
cruerion for otherhmspecified impuniies andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of comp/iatlce. See also 5.10. Control of impurities
in substances for pharmaceutical use) C.

C.5-methyl-5-phenylpyrlmidine-2,4.6(IH,3H,5H)-trione.

A. (5RS)-5-ethyl-2,6-diimino-5-phenyltetrahydropyrintidin-4
(lH)-one,

HN ~VNHH'CSf;iNH
... andenanliomef

0 0

B. (5RS)-5-ethyl-6-imino-5-phenyldihydropyrimidine-2,4
(IH,3H)-dione,

DEFINITION
Sodium derivative of 5-ethyl-5-phenylpyrimidine-2,4,6
(lH.3H,5H)-trione.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder, hygroscopic.

Reference solution (aJ Mix 1.0 mL of the test solution and
20.0 mL of methanol Rand dilute to 100.0 mL with the
mobile phase. Mix 1.0 mL of this solution with 2.0 mL of
methanol R and dilute to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of phenobarbital
impurity A GRS and 5.0 mg of phenobarbital impurity B GRS
in 2.0 mL of methanol R and dilute to 10.0 mL with the
mobile phase. Mix 1.0 mL of this solution with 20.0 mL of
methanol R and dilute to 100.0 mL with the mobilephase.
Colunm:
- size: 1= 0.25 m, 0 ;;;; 4.6 rnm;
- stationary phase: end-capped oaade<y/si/yl silica gelfor

chromatography R (5 um).

Mobile phase Dissolve 6.60 g of sodium autale R in 900 mL
of waterR, add 3 mL of g/adol acetic add R, adjust to pH 45
with g/adal acetic acidR and dilute to 1000 mL with waterR.
Mix 60 volumes of this solution with 40 volumes of
methanol R.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 20~.

Run lime 2.1 times the retention timeof phenobarbital.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaksdue to
impurities A and B.
Relative retention Withreference to phenobarbital (retention
time = about 14 min): impurity A = about 0.2;
impurity B = about 0.3.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaksdue to

impurities A and B.
Limits:
- impuniy A: not more than 1.5 times the area of the

corresponding peakin the chromatogram obtained with
reference solution (b) (0.15 per cent);

- impurity B: not more than 1.5 times the area of the
corresponding peak In the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
withreference solution (a) (0.10 per cent);

- toW: not more thantwice the area of the principal peak in
me chromatogram obtainedwith reference solution (a)
(0.2 per cent);

- disregard limir: 0.5 times the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2;4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 40 mL of emanol (96 percen') R and add
20 mL of walerR. Titrate with 0.1 M sodium hydroxide,
determining the end-point potentiometrically (2.2.20).

I mL of 0.1 M sodium hydroxide is equivalent to 23.22 mg of
CI2HIZNz03.

L'liPURITIES
Spedfied impumies A, B.

Otherdetectable impurities (the folWwing substances would, if
present at a sufficient level, be detected by one or other of the tests
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Solubility
Freelysoluble in carbon dioxide-free water (a smallfraction
may be insoluble), soluble in ethanol (96 per cent),
practically insoluble in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
First identification: A... B, E.

Secondidentification: A... C... D, E.
A. Acidify 10 mL of solution S (see Tests) with dilute
hydrochloric acidR and shake with 20 mL of ether R. Separate
the ether layer, wash with 10 rnLof water RJ dryover
anhydrous sodium sulfate R and filter. Evaporate the filtrate to
dryness and dry the residue at 100-105 °C (test residue).
Determine the meltingpoint (2.2.14) of me test residue.
Mix equal parts of the test residue and phenobarbital CRS and
determine the melting point of the mixture. The difference
between the melting points (which are about 176°C) is not
greater man 2°C.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Use the test residue obtained in identification
test A.
Comparison phenobarbilal CRS.
If the spectra obtained in the solid state show differences,
dissolve the test residue and the reference substance
separately in anhydrous ethanol R, evaporate to dryness and
record new spectra using the residues.
C. Thin-layer chromatography (2.2.27).

Test solutUm Dissolve 10 mg of the substance (Q be
examined in ethanol (5Q percen' VII-? R and dilute to
10.0 mL with the same solvent.
Reference solutian Dissolve 9 mg ofphenobatimal CRS in
ethanol(50 percen' VII-? R and dilute to 10.0 mL with the
same solvent.
Plate TLC silica gelFm plateR.
Mobile phase concentrated ammonia R, ethanol (96 percent) R,
methylene chloride R (5: 15:80 VIVIY); use the lower layer.

Applica,ian 10 IJL.
Development Over 2/3 of the plate.
Detection Examineimmediately in ultraviolet light at
254 nm.
Results Theprincipal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtainedwith the
reference solution.
D. It gives the reaction of non-nitrogen substituted
barbiturates (2.3.1).

E. It gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in ethanol (50 percen' VII-? R and dilute to
50 mL with the same solvent.

Appearance of solution
Solution S is dear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method If).

pH (2.2.3)
Maximum 10.2.

Dissolve 5.0 g as completely as possible in carbon dioxide-free
waterR and dilute to 50 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Phenobarbital Sodium 11-587

Test solution (a) Dissolve 55.0 mg of the substance to be
examined in 2.0 mL of methanol R and dilute to 10.0 mL
with the mobilephase.
Testsolution (b) Dissolve 25.0 mg of the substance to be
examined in 10.0 mL of methanol R and dilute to 50.0 mL
with the mobile phase.
Reference solution (a) Mix 1.0 mL of test solution (h) and
20.0 mL of methanol R and dilute to 100.0 mL with the
mobilephase.
Reference soluoon (b) Dissolve 5.0 mg of phenobarbilal
impurity A CRS and 5.0 mg of phcnoborbilal impurity B CRS
in 2.0 mL of methanol R and dilute to 10.0 mL with the
mobile phase. Mix 1.0 mL of the solution and 20.0 mL of
methatwl R and dilute to 100.0 mL with the mobile phase.

Reference solution (e) Dissolve 25.0 mg of phenobarbitol CRS
in 10.0 mL of methanol R and dilute to 50.0 mL with the
mobilephase.
Column:
- size: I = 0.25 ID, 0 ;;;; 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 11m).

Mobile phase Dissolve 6.6 g of sodium acetate R in 900 mL
of water R, add 3 mL of glacial acetic acidR, adjust to pH 4.5
with glacial acetic acidR and dilute to 1000 mL with waterR.
Mix 60 volumes of this solution and 40 volumes of
methanol R.

F""" rate 1.0 mUmin.
Detection Spectrophotometer at 254 run.
Injection 20 J.lL of test solution (a) and reference
solutions (a) and (h).

Run time 2.5 timesme retention time of phenobarbital.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identitY the peaksdue to
impurities A and B.
Relative retention With reference to phenobarbital (retention
time = about 13 min): impurity A = about 0.29;
impurity B = about 0.32.

System suitabIlity Reference solution (b):
- resoluti<m: minimwn 1.5 between the peaksdue to

impurities A and B.
Calcukuion of percentage contents:
- for impurity A, use the concentration of impurity A in

reference solution (b);
- for impurity B, use the concentration of impurity B in

reference solution (b)j
- for impurities oilier thanA and B, use the concentration

of phenobarbital sodium in reference solution (a).
Limits:
- impun·lies A, B: for each impurity, maximum

0.15 per cent;
- unspecified impuniies: for each impurity, maximum

0.10 per cent;
- roW: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 0.500 g by drying in
an oven at ISO °C for 4 h.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection 10 IJL of test solution (b) and reference
solution (c).
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II-588 Phenol 2022

Run time 1.5 times the retention time of phenobarbital.

Calculate the percentage content of Cl2HIlN2Na03 taking
into account the assigned content of phenobarbital CRS and a
conversion factor of 1.095.

Phenol
(Ph. Ellr. monograph 0631)

•••• •
• *• •••*

PhE" _

DEFINITION
Content
99.0 per cent to 1005 per cent.

CHARACTERS
Appearance
Colourless or faintly pinkor faintly yellowish, crystals or
crystalline masses, deliquescent.

Solubility
Soluble in water, very soluble in ethanol (96 per cent), in
glyceroland in methylene chloride.

IDENTIFICATION
A. Dissolve 0.5 g in 2 mL of concentrated ammonia R.
The substancedissolvescompletely. Dilute to about 100 mL
with waterR. To 2 mL of this solution add 0.05 mL of strong
sodium hypochlorite solution R. A blue colour develops and
becomes progressively more intense.

B. To I mL of solution S (see Tests) add 10 mL of waterR
and 0.1 mL of/eme chloride solution Rl, A violetcolour is
produced which disappears on addition of 5 mL of
2-propanol R.
C. To I mL of solution S add 10 mL of waterR and I mL
of bromine waterR. A white precipitate is formed.

TESTS
Solution S
Dissolve 1.0 g in WaurR and dilute to 15 mL withthe same
solvent.
Appearance of solution
Solution S is clear (2.2.1) and not moreintensely coloured
than reference solution B. (2.2.2, MethodII).

Acidity
To 2 mL of solution S add 0.05 mL of methylorange
solution R. The solution is yellow.

Freezing point (2.2. II!)
Minimum 39.5 "C.

Residue on evaporation
Maximum 0.05 per cent.
Evaporate 5.000 g to dryness on a water-bath and dry at
100-105 °C for I h. The residue weighs a maximum of
2.5 mg.

ASSAY
Dissolve 2.000 g in waterR and dilute to 1000.0 mL with
the samesolvent. Transfer 25.0 mL of the solution to a
ground-glass-stoppered flask and add 50.0 mL of 0.0167 M
bromide-bromate and 5 mL of hydrochloric acid R) close the

Action and use
Antiseptic; antimicrobial preservative; antipruritic.

Preparations
Aqueous Phenol Injection
Oily Phenol Injection

Phenol and Glycerol Injection

108-95-294.1

(""'y0H

V
CJf.o

andenantiomer

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, B.

Otherdetectable impurities (the follawing substances would, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. Theyare limir.ed by thegeneral acceptance
criterion for other/unspedfied impurities and/or by thegeneral
monograph Substances for pharmaceuucal use (2014). It is
therefore not necessary to identify these impurities fur
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) c) E.

HN ~yNHH,C;'y'"I .
~ NH andenaotcrner

0°

HN ~Y'0
H'CS\I• NH

0
: andenanliomer
, 0.

A. (5RS)-5-ethyl-2,6-diimino-5-phenyltetrahydropyrimidin-4
(IH)-one,

B. (5RS)-5-ethyl-6-imino-5-phenyldihydropyrimidine-2,4
(IH,3H)-dione,

C. 5-methyl-5-phenylpyrimidine-2,4,6(IH,3H,5H)-trione,

E. (2RS)-N-carbamimidoyl-2-phenylbutanamide.
____________________ ''Of"
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flask, allow to stand with occasionalswirling for 30 min.
Then allow to stand for 15 min. Add 5 mL of a 200 gIL
solution of potassium iodide R, shake and titrate with 0.1 AI
sodium thiosulfate until a faint yellow colour remains.
Add 0.5 mL of starch solutiou R and 10 mL of chloroform R
and continue the titration with vigorousshaking. Carry out a
blank titration.

1 mL of 0.0167 M bromide-bromate is equivalent to 1.569 mg
ofC.R.O.

STORAGE
In an airtight container, protected from light.
____________________ PhE<r

bromine, shake thoroughly and titrate with O.IM sodium
thiosulfate VS until only a faint yellow colourremains.
Add 0.1 mL of starch mucilage and 10 mL of chlorotorm and
complete the titration with vigorous shaking. Repeat the
operation without the material being examined.
The difference between the tittationsrepresents the amount
of bromine required. Each mL of O.05M bromine VS is
equivalent to 1.569 mg of G.R.O.

STORAGE
Liquefied Phenol should be protected from light. Liquefied
Phenol may congeal or deposit crystals if storedat a
temperature below 4°. It should be completelymelted before
use.

Liquefied Phenol

LABELLING
The label states 'contains 80% phenol'.

Action and use
Antiseptic; antimicrobial preservative; antipruritic.
When Phenol is to be mixed with collodion, fixed oils or
paraffins, melted Phenol should be used and not Liquefied
Phenol.

Phenolphthalein
(ph. Eur. monograph 1584)

PhE" ~ _

DEFINITION
Phenolphthalein contains not less than 98.0 per cent and not
more than the equivalentof 101.0 per Cent of 3J3-bis(4­

hydroxyphenyl)isobenzofnran-I (3H)-one, calculated with
reference to the dried substance.

CHARACTERS
A white or almost white powder, practically insolublein
water, soluble in alcohol.
It melts at about 260 "C.

IDENTIFICATION
A. Dissolve 25.0 mg in alcohol R and dilute to 100.0 mL
with the same solvent (solution A). To 2.0 mL of solution A
add 5.0 mL of 1 M hydrochloric acidanddilute to 50.0 mL
with alcohol R (solution A,), To 10.0 mL of solution A add
5.0 mL of 1 M hydrochloric acidand dilute to 50.0 mL with
alcohol R (solution A,). To 2.0 mL of solution A add 5.0 mL
of 1 M sodium hydroxitk and dilute to 50.0 mL with alcohol R
(solution B). Examined between 220 nm and 250 nm
(2.2.25), solution At shows an absorption maximum at
229 run.The specific absorbance at the maximum at 229 om
is 922 to 1018. Examined between 250 nm and 300 nm,
solution A2 shows an absorption maximumat 276 om.
The specific absorbance at the maximum at 276 om is
142 to 158. Examined between 230 nm and 270 nm,
solution B shows an absorptionmaximum at 249 run.
The specific absorbance at the maximum at 249 om is
744 (0 822.

B. Dissolve about 10 mg in alcohol R. Add I mL of dilute
sodium hydroxide sdution R. The solution is red. Add 5 mLof
dilute sulfuric addR. The colour disappears.

77-09-8

OH

C,J-I"O, 318.3

Acdon and use
Stimulant laxative.

DEFINITION
Liquefied.Phenol contains not less than 77.0% and not more
than 81.5% wlw of Phenol in Purified Water. It is prepared
by adding Purified Water to melted Phenol.

CHARACTERISTICS
A colourless or faintly coloured liquid; caustic.
Soluble in water; miscible with ethanol (96%)J with ether and
with glycerol.

IDENTIFICATION
A. Dissolve 0.6 g in 2 mL of 135M ammonia and dilute to
100 mL with water. To 2 mL of the resulting solution add
0.05 mL of sodium hypochhrize solution. A blue colour is
produced which becomes progressively more intense.
B. Dilute I mL of a 15% wlv solution to 10 mL and add
0.1 mL of irou(IlJ) chloride solutiou R1. A violet colour is
produced which is discharged on the addition of propau-2-oI.
C. To I mL of a 15% wlv solution add 10 mL of waterand
1 mL of bromine water. A white or yellowishwhite precipitate
is produced.

TESTS
AcidIty
To 2 mL of a 15% wlv solution add 0.05 mL of methyl
orange solution. The solution is yellow.

Clarity and colour of solution
A solution of 1.0 mL in 14 mL of water) at 20°) is clear,
Appendix IV A, and not more intensely coloured than
reference solution R7 or B7, AppendixN B, Method II.

WeIght per mL
1.055 to 1.060 g, Appendix V G.

Non-volatile matter
When heated on a water bath and dried at 105°, leaves not
more than 0.05% wlv of residue.

ASSAY
Dissolve 25 g in sufficientwater to produce 1000 mL,
transfer 25 mL to a 500 mL glass-stoppered flask and add
50 mL of O.05M bromine VS and 5 mL of hydrochloric acid,
stopper, swirloccasionallyover a period of 30 minutes and
allow to stand for 15 minutes. Add 5 mL of a 20% wlv
solution of potassium iodide taking care to avoid loss of
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PhE", _

Phenolsulfonphthalein
Phenolsulphonphthalein

(Ph. Eur: monograph 0242)

143-74-8

OH

354.4
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0
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Action and use
Measurement of renal function; marker in drug absorption
studies.

DEFINITION
Phenolsulfonphthalein (phenol red) contains not less than
98.0 per cent and not more than the equivalent of
102.0 per cent of 3,3-bis(4-hydroxyphenyl)-3H-2,1­
benzoxathiole Ll-dicxide, calculated with reference to the
dried substance.

CHARACTERS
A bright-red to dark-red, crystalline powder, very slightly
soluble in water, slightly soluble in alcohol.

IDENTIFICATION
A. Dissolve 10 mg in a 10 gIL solution of sodium carbonate R
and dilute to 200.0 mL with the sodium carbonate solution.
Dilute 5.0 mL of the solution to 100.0 mL with a 10 gIL
solution of sodiumcarbonare R. Examined between 400 nm
and 630 run (2.2.25), the solution shows an absorption
maximum at 558 ron. The specific absorbance at the
maximum is 1900 to 2100.

B. Dissolve about 10 mg in 1 mL of dilute sodium hydroxide
solution R and add 9 mL of waterR. The solution is deep
red. To 5 mL of the solution add a slight excess of dilute
sulfuric acidR. The colour becomes orange.

C. To 5 mL of the solution prepared for identification test B
add I mL of 0.0167 M bromide-bromate and I mL of dilute
hydrochfoIU acidR, shake and allow to stand for 15 min.
Make alkaline with dilute sodium hydroxide solution R.
An intense violet-blue colour is produced.

TESTS
Related substances
Examine by thin-layer chromatography (2.2.27), using sil;,;a
gel GFZ54 R as the coating substance.

Test solution Dissolve 0.1 g of the substance to be examined
in 0.1 M sodiumhydroxide and dilute to 5 mL With the same
solvent.

Reference solution Dilute 0.5 mL of the test solution to
100 mL with 0.1 M sodium hydroxide.

Apply sepasately to the plate 10 ~L of each solution. Develop
over a path of 15 em using a mixture of 25 volumes ofglacial
acetic acid R, 25 volwnes of waterRand 100 volumes of ten­
pentyl alcohol R. Allow the plate to dry in air until the solvent
has evaporated and expose the plate to the vapour from
concentrated ammonia R. Examine in ultraviolet light at
254 run. Not more than one spot, apart from the principal
spot, appears in the chromatogram obtained with the test
solution and this spot is not more intense than the spot in

TESTS
Solution S
To 2.0 g add 40 mL of distilled waterR and heat to boiling.
Cool and filter.

Appearance of solution
Dissolve 0.20 ginS mL of alcohol R. The solution is clear
(2.2.1) and not more intensely coloured than reference
solution Y7 (2.2.2, Method Il).

Acidity or alkalinity
To 10 mL of solution S add 0.15 mL of bromothymol blue
solution R1. Add 0.05 mL of 0.01 M hydrochloric acid, the
solution is yellow. Add 0.10 mL of 0.01 M sodium hydroxide,
the solution is blue.

Related substances
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelFZ54 plateR.

Test solution Dissolve 0.5 g of the substance to he examined
in alcohol R and dilute to 10 mL with the same solvent.

Reference solution (a) Dilute 1 ml, of the test solution to
10 mL with alcohol R. Dilute 5 mL of this solution to
100 mL with alcohol R.

Reference solution (b) Dissolve 25 mg of fluorene R in
a1aJhol R, add 0.5 mL of the test solution and dilute to
10 mL with akohol R.

Apply to the plate 5 ~L of the test solution and 5 ~L of each
of the reference solutions. Develop over a path corresponding
to two-thirds of the plate height using a mixture of
50 volwnes of acetene R and 50 volumes of methylene
chloride R. Allow the plate to dry in air. Examine in
ultraviolet light at 254 am and re-examine after exposure to
ammonia vapour. Any spot in the chromatogram obtained
with the test solution, apart from the principal spot, is not
more intense than the spot in the chromatogram obtained
with reference solution (a) (0.5 per cent). The test is not
valid unless the chromatogram obtained with reference
solution (b) shows 2 clearly separated spots.

Chlorides (2.4.4)
Dilute 10 mL of solution S to 15 mL with waterR.
The solution complies with the limit test for chlorides
(100 ppm).

Sulfates (2.4.13)
15 mL of solution S complies with the limit test for sulfates
(200 ppm).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying In an oven at 105 °C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 5 mL of dimethylformamide R. Add 5 mL
of sodium carbonate soluticn R, 10 mL of sodium hydrogen
carbonate solution R, 35 mL of water Rand 50.0 mL of
0.05 M iodine. Add 10 mL of methylene chloride Rand 20 mL
of d,lute sulfuric acid R. Titrate the excess of iodine with
O.11Usodium thiosulfate, using 0.3 mL of stltrch solution R
added towards the end of the titration, as indicator. Carry
out a blank titration.

I mL of 0.05 M iodine is equivalent to 3.979 mg of
C,oH140•.

STORAGE
Store protected from light.
___________________ PhE",
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Phenoxybenzamine Hydrochloride

H Me

~o
~I"'" 7 li"1["'" ,HCIV ~CI V

DEFINITION
Phenoxybenzamine Hydrochloride is (RS)-benzyl(2­
ehioroethyl)l-methyl-2-phenoxyethylamine hydrochloride.
It contains not less than 98.5% and not more than 101.0%
of C 1sH22CINO,HCI, calculated with reference to the dried
substance.

B. Dissolve 0.5 g in 50 mL of ethanol-free chloroform and
extract with three 20-mL quantities of O.OIMhydrochloric
acid. Filter the chloroform layer through absorbent cotton
and dilute 5 mL of the filtrate to 250 mL with ethanol-free
chloroform. The light absorption of the resulting solution,
Appendix II B, in the range 250 to 350 nm eshibits two
maxima, at 272 nm and 279 run. The absorbances at the
maxima are about 1.1 and about 0.90, respectively.

C. Yields the reactions characteristic of chlorides,
Appendix VI.

TESTS
Melting point
131.5" to 140", Appendix V A.

Related substances
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions in acetonitrile.

(1) 0.08% wlv of the substance being examined.

(2) Dilute 1 volume of solution (1) to 100 volumes.

(3) Dilute I volume of solution (2) to 10 volumes.

(4) To 10 volumes of solution (I) add 0.5 volume of
0.1'1 sodium hydroxide.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel eolwnn (15 em x 4.6 mm) packed
with 0<(Y1si/y1 silica gelfor chromatography (5~m) (HiChrom
Kromasil is suitable).

(b) Use isccratic elution and the mobile phase described
below.

(c) Use a flow rate of I mL per minute.

(d) Use a colwnn temperature of 25".

(e) Use a detection wavelength of 268 nm.
(I) Inject I 0 ~L of each solution.

(g) Allow the chromatography to proceed for three times the
retention time of phenoxybenzamine.

MOBILE PHASE

45 volumes of a 0.22% wlv solution of anhydrous sodium
dihydrogen onlwphosphate, previously adjusted to pH 3.0 with
onhophosphotic acidand 55 volumes of acetonitrile,
When the chromatograms are recorded under the prescribed
conditions, the relative retention with reference to
phenoxybenzamine (retention time =about 11 minutes) is:
phenoxybenzamine tertiary amine, about 0.2.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (4), the resoluu'onfactorbetween the peaks due
to phenoxybenzamine and the secondary peak with a relative
retention of about 1.3 is at least 4.0.

UMITS

In the chromatogram obtained with solution (1):

the area of any peak corresponding to phenoxybenzamine
tertiary amine is not greater than the area of the principal
peak in the chromatogram obtained with solution (2)
(1.0 %);

the area of any other secondary peak is not greater than
4 times the area of the principal peak in the chromatogram
obtained with solution (3) (0.4%);

the sum of the areas of all the secondary peaks is not greater
than 1.5 times the area of the principal peak in the
chromatogram obtained with solution (2) (1.5%).

63-92-3C I8H22CINO,HCI 340.3

and enantiomer

Action and use
AJpha-adrenoceptor antagonist.

Preparation
Phenoxybenzamine Capsules

the chromatogram obtained with the reference solution
(0.5 per cent).

Insoluble matter
To 1.0 g of the finely powdered substance to be examined
add 12 mL of sodium hydrogen carbonate solution R. Allow to
stand for I h, shaking frequently. Dilute to 100 mL with
waterR and allow to stand for 15 h. Centrifuge at 2000 g to
3000 g, for 30 min, decant the supernatant and wash the
residue with 25 mL of a 10 gIL solution of sodium hydrogen
carbonate R and then 25 mL of waterR. Dry at 100 °C to
105 °C. The residue weighs not more than 5 mg
(0.5 per cent).

Loss on drying (2.2.32)
Not more than 1.0 per cent, determined on 1.00 g of the
powdered substance to be examined by drying in an oven at
105 "C.

Sulfated ash (2.4. /4)
Not more than 0.2 per cent, determined on 0.5 g.

ASSAY
Dissolve 0.900 g in 15 mL of 1 ..:W sodiumhydroxide and
dilute to 250.0 mL with waterR. To 10.0 mL of the solution
in a glass-stoppered flask add 25 mL ofglacialacetic: acid R,
20.0 mL of 0.0/67 M potassium bromate, 5 mL of a 100 gIL
solution of potassium bromide Rand 5 mL of hydrochkJric
acid R. Allow to stand protected from light for 15 min, add
10 mL of a 100 gIL solution of potassium iodide Rand titrate
immediately with 0.1 M sodiumthiosulfate, using 0.1 mL of
starch solution R as indicator.

1 mL of 0.0167 iH potassium bromate is equivalent to 4.43 mg
of C19HI405S.

CHARACTERISTICS
A white or almost white, crystalline powder.

Sparingly soluble in water, freely soluble in ethanol (96%).

IDENTIFICATION
A. The infraredabsorption specuum, Appendix II A, is
concordant with the reference spectrum of phenoxybenzamine
hydrochloride (RS 27/).
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Acdon and use
Antimicrobial preservative; also used topically in treatment of
bacterial infections.

Disregard any peak with an area less than the area of the
principal peak in the chromatogram obtained with solution
(3) (0.1%).

Loss on drying
When dried over phosphorus pemoxide at a pressure not
exceeding 0.7 kPa for 24 hours, loses not more than 0.5% of
Itsweight. Use 1 g.

Sulphated ash
Not more than 0.1 %,Appendix IX A.

ASSAY
Carry out the method for liquid chromatography,
Appendix ill D, using the following solutions in atetonim"le.
(I) 0.02% w/v of the substance beingexamined.
(2) 0.02% wlv of phenoxybenzamine hydrochloride BPCRS.
(3) To 10 mL of solution (I) add 0.5 mL of 0.1'1 sodium
hydroxide.

CHROMATOGRAPHIC CONDITIONS

The chromatographic conditions described under Related
substances may be used.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
withsolution (3), the resolution factor between the peaks due
to phenoxybenzamine and the secondary peak with a relative
retention of about 1.3 is at least 4.0.

DETER..\UNATION OF CONTENT

Calculate the content of C1sH22CINO,HCl using the
declared content of C 1sH22ClNO,HCI inphenoxybenzamine
hydrochloride BPCRS.

IMPURITIES
The impurities limited by the requirements of this
monograph include phenoxybenzamine tertiary amine.

Second identification: A, B, D.
A. Refractive index <2.2.6): 1.537 to 1.539.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 80.0 mg in water R and dilute to
100.0 mL with the same solvent. Dilute 10.0 mL of the
solution to 100.0 mL with waterR.
SpeC/ral range 240-350 nrn.
Absorption maxima At 269 nrn and 275 nrn.
Specific absorbances at the absorption maxima:

- at 269 nrn: 95 to 105;
- at 275 nrn: 75 to 85.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison phenoxyelhanol CRS.
D. Shake 2 mL with a mixture of 4 g of patassium
permanganate R, 5.4 g of sodium carbonate Rand 75 mL of
waterR for 30 min. Add 25 g of sodium chloride R and stir
continuously for 60 min, filter and acidify with hydrochlwit
acid R to about pH 1.7. The melting point of the precipitate,
after recrystallisaticn from waler R, is 96°C to 99 °C
<2.2.14).

TESTS
Relative density (2.2.5)
1.105 to 1.110.

Related substances
Gas chromatography (2.2.28).

Testsolution Dilute 5.0 g of the substance to be examined
to 20.0 mL with anhydrous ethanol R.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with anhydrous ethanol R.
Reference ,oIutUm (b) Dissolve 25.0 mg of phenol R
(impurity A) in anhydrous ethanol R and dilute to 10.0 mL
with the same solvent.

Reference sohuion (c) Mix 1.0 mL of reference solution <a)
and 1.0 mL of reference solution (b) and dilute to 10.0 mL
with anhydrous ethanol R.
Reference sohuion (d) Dilute 1.0 mL of reference solution <a)
to 10.0 mL with anhydrous ethanol R.
Column:
- material: fused silica;
- size: 1= 30 ID, 0 = 0.25 mm;
- '",uOnary phase: maaogol20 000 R (0.25 urn).

Comergas helium for chromatography R.

Flow rate 1.0 mllmin.

Split ratio 1:100.
Temperature:

122-99-6138.2

(ph. Eur. monograph 0781)

aO~OH

Phenoxyethanol

Detection Flame ionisation.

Injection 1 ~L of the test solution and reference solutions (c)
and (d).

Eluuon order Impurity A, phenoxyethanol.

Retention time Phenoxyethanol = about 13 min.

PhE~ _

DEFINITION
2-Phenoxyethanol.

Content
99.0 per cent mlm to 100.5 per cent mlm.

CHARACIERS
Appearance
Colourless, slightly viscous liquid.

Solubillty
Slightly soluble in water, in arachis oil and in olive oil,
miscible with acetone, with ethanol (96 per cent) and with
glycerol.

IDENTIFICATION
First identification: C.

Column

Injection port

Detector

Time
(min)

0-13

13 - 23

Temperature
CC)

90 -> 220

220

250

270
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Content
95.0 per cent to 102.0 per cent for the sum of the percentage
contents of phenoxymethylpenicillin and
4-hydroxyphenoxymethylpenicillin (anhydrous substance).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

Solubility
Very slightly soluble in water, soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B.
Second identification: A, C~ D.
A. pH (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison phenoxymethylpeniciOin CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in 5 mL of acetone R.

Reference solution (a) Dissolve 25 mg of
phenoxymethylpenkillin CRS in 5 mL of acetone R.
Reference solution (b) Dissolve 25 mg of benzylpenicillin
potassium CRS and 25 mg ofphenoxymethylpenicillin
potassium CRS in 5 mL of water R.
Plate TLC silanised silica gel plate R.
MobIle phase Mix 30 volumes of acelOne Rand 70 volumes
of a 154 gIL solution of ammonium acetateR adjusted to
pH 5.0 with gladal acetic acid R.
Applicatwn I~.

Development Over 2/3 of the plate.

Drying In air.

Detection Expose to iodine vapour until the spots appear
and examine in daylight.

System suitabilitY Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Resuus The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

D. Place about 2 mg in a test-tube about 150 mm long and
15 mm in diameter. Moisten with 0.05 mL of water Rand
add 2 mL of sul/itric (Kid-formaldehyde reagent R. Mix the
contents of the tube by swirling; the solution is reddish­
brown. Place the test-tube on a water-bath for I min; a dark.
reddish-brown colour develops.

TESTS
pH (2.2.3)
2.4 to 4.0.

Suspend 50 mg in 10 mL of carbon dwxide-frn waterR.

Related substances
Liquid chromatography (2.2.29).

Solution A To 250 mL of 0.2 M potassium dihydrogen
plwsphate R add 500 mL of water R, adjust to pH 65 with an
8.4 gIL solution of sodium hydroxide R and dilute to 1000 mL
with waterR.
Testsolution (a) Dissolve 50.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solution A.

87-08-1350.4

A. phenol.

Systemsuitability Reference solution (c):
- resolution: minimum 15 between the peaks due to

impurity A and phenoxyethanol.

Calculation 0/percemage contents:
- for each impurity, use the concentration of

phenoxyethanol in reference solution (d).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

ASSAY
To 2.000 g in an acetylation flask fined with an air
condenser, add 10.0 mL of freshly prepared acetic anhydride
solution RJ and heat with frequent shaking in a water-bath for
45 min. Cool and carefully add 10 mL of waterR. Heat for a
further 2 min. Cool, add 10 mL of butanol R, shake
vigorously and titrate the excess of acetic acid with 1 kI
sodium hydroxide using 0.2 mL of phenolphthalein solution R as
indicator. Repeat the procedure without the substance (0 be
examined. The difference between the volumes used in the
tirrations represents the amount of acetic anhydride required
for the acetylation of the substance to be examined.

1 mL of 1 M sodium hydroxide is equivalent to 0.1382 g
ofCsH IO0 2•

IMPURITIES
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for olherlrmspecified impun'ties and/or by thegeneral
monograph Substances for pharmacetuicai use (2034). It is
therefore not neassaryto idenufy these impuniies for
demonstration of compliance. See also 5.JO. Control of impurities
in substances for pharmaceutical use) A.

!"""Y0Ho

Phenoxymethylpenicillin
(Ph. Eur. monograph 0148)

PIlE" _

Action and use
Penicillin antibacterial.

DEFlNITION
(2S,5R,6R)-3,3-Dimethyl-7-oxo-6-[(2-phenoxyacetyl)amino]­
4-thia-l-azabicyclo[3.2.0jheptane-2-carboxylic acid.

Substance produced by the growth of certain strains of
Penicillium nOlafum or related microorganisms.
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Test solution (b) Prepare immediately before usc. Dissolve
80.0 rng of me substance to be examined in solution A and
dilute to 20.0 mL with solution A.

Reference solution (a) Dissolve 55.0 mg of
phenoxymethy/penicillin potassium CRS in solution A and dilute
to 50.0 mL with solution A.

Reference solution (b) Dissolve 9 mg of
phenoxymelhylpenicillin for system suitability CRS (containing
impurities B, D, E and F) in 2 mL of solution A.

Reference solution (e) Dilute 1.0 mL of test solution (b) to
100.0 mL with solution A.

Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 20.0 mL with solution A.

Column:
- size: 1= 0.15 m, 0 = 4.6 nun;
- stationary phase: end-capped oceadecylsilyl silica gelfor

chromatography R (3 pm);
- tempera",re: 50 "C.

Mobile phase:
- mobile phaseA: phosphate buffer solution pH 3.4 R,

methanol R, walerfor chromaUJgraphy R (10:30:60 VIVIJl);
- mobile phaseB: phosphate buffer solution pH 3.4 R,

methanol R, waterfor chromatography R (5:60:35 VIVIJl);

Time Mobile phase A MobUe phase B
(min) (per cent VIII) (per cent VfJJ)

0-2 85 15

2-5 85 ..... 70 15 ...... 30

5 - 17 70 ...... 0 30 ...... 100

17 - 22 0 100

Flowrate 1.5 mIJmin.

Delation Spectrophotometer at 254 nm.

Injection 20 ilL of test solution (b) and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with phenoxymethylpeniciUin for sysrem suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, D, E and F.

Relativeretention Wirh reference to phenoxymethylpenicillin
(retention time = about 11 min): impurity B = about 0.29;
impurity D =about 0.38; impurity E =about 0.55 and 0.61;
impurity F = about 0.88 and 0.95.

Sysrem suitability:
- resolution: minimum 3.0 between the peaks due to the

epimers of impurity F in the chromatogram obtained with
reference solution (b);

- signal-to-noise ratio: minimum 20 for the principal peak in
the chromatogram obtained with reference solution (d).

Calculation of percentage contents:
- correction foaon: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity B =0.5; impurity E =1.3;

- for each impurity, use the concentration of
phenoxymethylpenicillin in reference solution (c).

Limits:
- impun'ty E (sum of isomers), impuriIy F (sum of epimen): for

each impurity, maximum 1.0 per cent;
- impun"ty B: maximum 0.2 per cent;
- any otherimpun"cy: for each impurity, maximum

0.15 per cent;
- sum of impurities otherthan D: maximum 3"0 per cent;
- reporting threshold: 0.05 per cent.

2022

Impurity D (4-hydroxyphenoxymethylpenicillln)
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Inieaion Test solution (b) and reference solution (c)"

Calculation of percentage contetlt:
- correction foetor: multiply the peak area of impurity D by

1.7j
- use the concentration of phenoxymethylpeniciUin in

reference solution (c).

Limit Maximum 1.0 per cent (anhydrous substance).

Water
(2.5.12): maximum 0.5 per cent, determined on 1.00 g.

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution (a) and reference solution (a)"

Calculate the percentage content of ClJIISN20SS taking
into account the assigned content of phenoxymethylpem"ciUin
potassium CRS and a conversion factor of 0.902.

Calculate the sum of the percentage contents of
phenoxymethylpenicillin and of
4-hydroxyphenoxymethylpenicillin.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities B, D, E, F.

Otherdetectable impumies (theJollowing substances would, if
present at a sufficient level, bedeucted by oneor other of the tests
in the monograph. They arelimited by the general acceptance
ctiterum for other/unspecified impurities. It is therefore not
neussaryto identify these impuniies for demonstration oj
compliance. See abo 5.10. Control of impurities in substarretS for
pharmaceutical use) A, C.

A. (2S,5R,6R)-3,3-dimethyl-7-oxo-s-[(2-phenylace tyl)
amino]-4-thia-l-azabicyc1o[3.2.O)heptane-2-carboxylic
acid (benzylpenicillin),

B. phenoxyacetic acid,

o H~,co,H
N CH3

H,N-#S CH,
H H

C. (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l­
azabicyc1o[3.2.0]heptane-2-carboxylic acid
(6-aminopenicillanic acid),
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CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent),

IDENTIFICATION
First identification: A, D.

Secondidentification: B, C, D.

A Infrared absorption spectrophotometry (2.2,24),

Comparison phenoxymethylpelliciUin potassium CRS.

B. Thin-layer chromatography (2.2.27),

Testsolution Dissolve 25 mg of the substance to be
examined in 5 mL of water R.
Reference solution (a) Dissolve 25 mg of
pherwxymethylpenicillin potassium CRS in 5 mL of waterR.

Reference solution (b) Dissolve 25 mg of benzylpeni<:ilIin
potassium CRS and 25 mg of phetlOxymelhylpenicalin
potassium CRS in 5 mL of waterR,

Plate TLC silanised silica gelplate R.

Mobile phase Mix 30 volumes of acetone Rand 70 volumes
of a 154 gIL solution of ammonium acetate R adjusted to
pH 5,0 with glacial acetic acidR.

Application 1 ~L

Development Over 2/3 of the plate,

Drying In air.
Detection Expose to iodine vapour until the spots appear
and examine in daylight.
Systemsu;UlbjJity Reference solution (b):

- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similarin position, colour and size to
the principal spot in the chromatogram obtainedwith
reference solution (a).
C. Place about 2 mg in a test-tubeabout 150 mm long and
15 nun in diameter. Moisten with 0.05 mL of waterRand
add 2 mL of su/fum acid-formaldehyde reagent R. Mix the
contents of the tube by swirling; the solution is reddish­
brown. Place the test-tube on a water-bath for I min; a dark
reddish-brown colour develops.
D. It gives reaction (a) of potassium (2.3.1).

TESTS
pH (2,2,3)
5.5 to 7.5.

Dissolve 50 mg in carbon dioxide-free water R and dilute to
10 mLwith the same solvent.

Related substances
liquid chromatography (2.2,29),

Solution A To 250 mL of 0,2 M potassium dihydrogen
phosphate R add 500 mL of warer R, adjust to pH 6.5 with an
8,4 gIL solution of sodium hydroxide R and dilute to 1000 mL
with waterR.
Test solution (a) Dissolve 50.0 mg of the substance to be
examined in solution A and dilute to 50.0 mLwith
solution A.
Test solution (b) Prepare immediale1y before use. Dissolve
80.0 mg of the substance to be examinedin solution A and
dilute to 20.0 mL with solution A.

132-98-9388.5

Phenoxymethylpenicilfin
Potassium
(Ph, Eur, monograph 0149)

Action and use
Penicillin antibacterial.

Preparations
Phenoxymethylpenicillin Oral Solution

Phenoxymethylpenicillin Tablets

PhE" _~~~__~~ _

F. (2RS,4S)-5,5-dimethyl-2-[[(2-phenoxyacetyl)
amino]methyl]-1,3-thiazolidine-4-carboxylic acid (penilloic
acids of phenoxymethylpenicillin).

and eplmeral C·

E, (4S)-2-[carboxy[(2-phenoxyacetyl)amino]methyl]-5,5­
dimethyl-I,3-thiazolidine-4-carboxylic acid (penicilloic
acids of phenoxymethylpeniciUin),

O H~C02HHO '
I '" N CH,

Oo~~·1=L CH,
II H H
o

D, (2S,5R,6R)-3,3-dimethyl-7-oxo-6-[[2-(4-hydroxyphenoxy)
acetyl]amino]-4-thia-l-azabicyclo[3.2,0] heptane-2­
carboxylic acid (4--hydroxyphenoxymethylpenicillin),

DEFINmON
Potassium (2S,5R,6R)-3,3-dimethyl-7-oxo-6-[(2­
phenoxyacetyl)amino]-4-thia -1-azabicyclo[3,2,0] hepra ne-2­
carboxylate.

Substance produced by the growth of certain strains of
Penicillium notalum or relatedmicroorganisms.

Content
95.0 per cent to 102.0 per cent for the sum of the percentage
contents of phenoxymethylpeniclllin potassium and
4-hydroxyphenoxymethylpenicillin potassium (anhydrous
substance).

~~ PhE"
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Reference solution (aJ Dissolve 50.0 mg of
phenoxymethylpenicillin potassium CRS in solutionA and dilute
to 50.0 mL with solution A.
Reference solUlwn (b) Dissolve 8 mg of
phenoxymethylpenicillin for system suitabilil)l CRS (containing
impurities B, D, E and F) in 2 mL of solution A.
Reference solution (c) Dilute 1.0 mL oftest solution (b) to
100.0 mL with solution A.
Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 20.0 mL with solution A.

Column:
- size: 1= 0.15 rn, 0 = 4.6 nun;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 50 "C.

Mobile phase:
- mobile phase A: phosphore buffersolunim pH 3.4 R,

methanol R, waterfor chromarogruphy R (10:30:60 VIVII');
- mobile phase B: phosphore buffersolutlim pH 3.4 R,

methanol R, warer for chromarography R (5:60:35 VIVII');

Time MobUe phase A Mobile phase B
(min) (per cent VIP) (per cent VII')

0-2 85 15

2-5 85 --> 70 15 --> 30

5 ~ 17 70 --> 0 30 --> 100

17·22 0 100

FIJJw rare 1.5 mUmin.

Detection Spectrophotometer at 254 run.
Injeuion 20 ~L of test solution (b) and reference
solutions (b), (c) and (d).

Identification of impun"ties Use the chromatogram supplied
with phenoxymethy!peniciUin for sysrem suitabilil)l CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peaksdue to impurities B, D, E and F.
Relative retention With reference to phenoxymethylpenicillin
(retention time =about II min): impurity B =about 0.29;
impurity D =about 0.38; impurity E =about 0.55 and 0.61;
impurity F = about 0.88 and 0.95.

System sUJiabJ7ity:
- resolution: minimum 3.0 between the peaks due to the

epimers of impurity F in the chromatogram obtained with
reference solution (b);

- signal-to-noise ratIO: minimum 20 for the principal peak in
the chromatogram obtainedwith reference solution (d).

Calculation ofpercentage contents:
'---correction [acton: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity B =0.6; impurity E =1.3;

- ior each impurity, use the concentration of
phenoxymethylpenicillin potassiumin reference
solution (c).

Limits:
- impurity E (sum of isomers), impurity F (stntl of epimers): for

each impurity, maximum 1.0 per cent;
- impun',y B: maximum 0.3 per cent;
- any other impun"ty: for each impurity, maximum

0.15 percent;
- sum of impunties other than D: maximum3.0 per cent;
- reporting threshold: 0.05 per cent.

2022

Impurity D (4-hydroxyphenoxymethylpenicillln)
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (c).
Calculation of percentage content
- correction faaor: multiply the peak area of impurity D by

1.7;
- use the concentration of phenoxymethylpenicillin

potassium in reference solution (c).
Limit .M..aximum 4.0 per cent (anhydrous substance).

Water
(2.5.12): maximum 1.0 per cent, determined on 1.00 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (a) and reference solution (a).
Calculate the percentage contentof CI~17KN205S taking
into account the assigned content of phenoxymelhy(penicillin
potassium CRS.
Calculate the sum of the percentage contents of
phenoxymethylpenicillin potassium and of
4-hydroxyphenoxymethylpenicillin potassium.

IMPURITIES
Specified impurities B, D, E, F.

Otherdetectable impurities (the following substQnces would, if
present al a sufficient level, be detected by one or other of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to idenlify these impun"ties for demonstration of
compliance. See also 5.10. Control of impurhie.s in substances for
pharmaceuticaluse) A, C.

o H:-s:;'C~H

()r~.++s ~::
I H H

"" 0

A. (2S,5R,6R) -3,3-<1imethyl-7-oxo-6- [(2-phenylacetyl)
amino ]-4-thia-l-a:zabicyclo[3.2.0]heprane-z-carboxylic
acid (benzylpenicillin),

B. phenoxyacetic acid,

C. (2S,5R,6R)-6-amino-3,3-<1imethyl-7-oxo-4-thia-l­
a:zabicyclo[3.2.0]heptane-2-carboxylic acid
(6-aminopenicillanic acid),

O H:-s:;Co,HHO .
I "'" N CH,

Oo..-----.......-~·#s CH,
II H H
o

D. (2S,5R,6R)-3,3-<1imethyl-7-oxo-6-[[2-(4-hydroxyphenoxy)
acetyljaminoj-d-thia- l-a:zabicyclo[3.2.0]beptane-2­
carboxylic acid (4-hydroxypbenoxymethylpenicillin),
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andep/mer at C'

TESTS
pH (2.2.3)
4.0 to 6.5.

Suspend 0.600 g in 20 mL of carbon dioxide-free waterR.

Related substances
Liquid chromatography (2.2.29).

SolutionA To 250 mL of 0.2 M potassium dihydrogen
phosphate R add 500 mL of waterR, adjust to pH 6.5 with an
8.4 gIL solution of sodium hydroxide R and dilute to 1000 mL
with Waler R.
Testsolution (aJ Dissolve 40.0 mg of the substance to be
examined in 10 mL of melhanoiR and dilute to 100.0 mL
with solution A.

Testsolution (b) Prepare immediately before use. Dissolve
80.0 mg of the substance to be examined in 10 mL of
methanol R and dilute to 20.0 mL with solution A.
Reference solution (a) Dissolve 40.0 mg of benzachine
phenoxymethylpenicillin CRS in 10 mL of methanolRand
dilute to 100.0 mL with solution A.
Reference solution (b) Dissolve 8 mg of benzathine
phenoxymethylpenicillin for systemsuitability CRS (containing
impurities B, D, E, F, G, H and I) in 1 mL of methanol R
and dilute [Q 2 mL with solution A.
Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with a mixture of equal volumes of methanol R
and solution A.

Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 25.0 mL with a mixture of equalvolumes of methanol R
and solution A.
Column:
- size: 1= 0.15 ffi) 0 = 4.6 mm;
- stationary phase: end-capped octadecylsiJyl silica gelfor

chromatography R (3 J1l11);
- temperature: 50°C.
Mobilephase:
- mobile phase A: phosphate buffer solution pH 3.4 R,

methanolR, waterfor chromalOgrophy R (10:30:60 VIVIJI);
- mobile phase B: phosphate buffer solutian pH 3.4 R, waterfor

chromatography R, methanolR (2.5:27.5:70 VIVIJI);

I 4~O

2113728-41-71013

Q
[

H]
I H 0 "co",

"'" N ,""'. N CH,). Q ---Y~'}~~CH3
VIN 0"1-+-5H HH
~ 0 a

Phenoxymethylpenicil/in
(Benzathine) Tetrahydrate
(Ph. Eur. monograph 2636)

Action and use
Penicillinantibacterial.

P1>E" _

F. (2RS,4S)-5,5-dimethyl-2-[[(2-phenoxyacetyl)
amino]methyl]-1,3-thiazobdine-4-catboxylic acid (penilloic
acids of phenoxymethylpenicillin).

___________________ P1>E<I

E. (4S)-2-[carboxy[(2-phenoxyacetyl)amino]methyl] -5,5­
dlmethyl-1)3-thiazolidine-4-carboxylic acid (penicilloic
acids of phenoxymethylpenicilJin),

DEFINITION
N',N2-Dibenzylethane-l,2-diamine bis[(2S,5R,6R)-3,3­
dimethyl-7-oxo-e- (2-phenoxyacetamido)-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylate] tetrahydrate.

Salt of a substance produced by the growth of certain strains
of Penicillium notatum or related micro-organisms.

Content
- 94.0 per cent to 102.0 per cent for the sum ofbenzalhine

phenoxymethylpenicillin and benzathine
4-hydroxyphenoxymethylpenicillin (anhydsous substance)
with correction for dispersing or suspending agents;

- beneathine: 23.0 per cent to 26.0 per cent (anhydrous
substance).

Dispersing or suspending agents (e.g. lecithin) may be added.

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubillty
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison benzathine phenoxymethylpenicini" CRS.

Time Mobile phase A MobUe phase B
(min) (per cent VIJI) (per cent VIJI)

0-2 90 10

2-5 90 -> 75 10 --> 25

5 - 17 75 --> 0 25 --> JOO

17 - 24 0 '00

Fluw rate 1.5 mUmin.

Detection Spectrophotometer at 254 run.
Injection 20 JlL of test solution (b) and reference
solutions (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with benzathinephenaxymethylpeniciUin for system
suitability CRS and the chromatogram obtained with
reference solution (b) to identify the peaksdue to
impurities B) D, E, F, GJ H and I.
Re/ativeretention With reference to phenoxymethylpenicillin
(retention time = about 10 min): bemathine = about 0.2;
Impurity B = about 0.3; impurity D = about 0.4;
impurity E =about 0.60 and 0.64; impurity F =about 0.91
and 0.97; impurity H =about 1.36; impurity G =about
1.39; impurity 1 =about 2.4.
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II-598 Phenoxymethylpenicillin (Benzathine) Tetrahydrate 2022

System suitability:
- resolution: minimum 3.0 between the peaks due to the

epimers of impurity F in the chromatogram obtained with
reference solution (b);

- signal-to-noise ratio: minimum 10 for the principal peak in
the chromatogram obtained withreference solution (d).

Calculation of percentage ",ments:
- correction [actors: multiply the peakareas of the following

impurities by the corresponding correction factor:
impurity B =0.5; impurity D =1.7; impurity E =1.3;

- for each impurity, use the concentration of
phenoxymethylpenicillin in reference solution (c).

Limits:
- jmpun"ry G: maximum 2.0 per cent;
- impurity E (sum of isomers) J impurity F (sum of epimers): for

each impurity, maximum 1.0 per cent,
- impurities D, HJ I: for each impurity, maximum

0.5 per cent;
- impun"IY B: maximum 0.2 per cent;
- any other impun"ty: for each impurity) maximum

0.15 percent;
- sum of impun"tits other than D: maximum 4.0 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due to

benzathine.

Water (2.5.12, Method B)
5.0 per cent to 8.0 per cent, determined on 0.200 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (a)-and reference solution (a).

Calculate the percentage contents of benzathine (C1.H,oN,)
and benzathine phenoxymethylpenicillin (C,.H,oN.O,oS,)
taking into account the assigned contentof benzathine
ph,noxym,thylpeniciUin CRS.
Calculate the sum of the percentage contents of benzathine
phenoxymethylpeniciUin and of benzathine
4-hydroxyphenoxymethylpeniciUin.

IMPURITIES
Specified ;mpurit~ B, D, H, F) G, H)1.
Otherdet,aab/e i",pun'ties (the follow/"g substances would, If
present at a sufficient letJeJ, be detected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for ower/unspecified impuniies. It is therefore tlot
necessary to identify these impurities for demonstration of
compliance. See also 5.10. Control of impun'ties in substances for
pharmaceutical use) A, C.

o H~.Co,H
N CH3

()r~.)+s CH,

I H H
"- 0

A. (2S,5R,6R)-3,3-dimethyl-7-oxo-6-(2-phenylacetamido)-4­
thia-l-azabicyclo[3.2.0] heptane-2-carboxytic acid
(benzylpenicillin),

B. phenoxyacetic acid,

H'N01+~~::
H H

C. (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-a-thla-t­
azabicyclo[3.2.0)heptane-2-<:arboxytic acid
(6-aminopenicillanic acid),

O H~Co,HHO .
~ "'t-~- CH,

~o~~"H--s CH,
II H H
o

D. (2S,5R,6R)-6-[2-(4-hydroxyphenoxy)acetamido]-3,3­
dimethyl-7-oxo-d-thia-Lazabicyclo[3.2 .0]heptane-2­
carboxylic acid (4-hydroxyphenoxymethylpenicillin),

H'. C02H

~ HN~CH3
~o'](~y-s CH,

o C~H

E. (2E,4S)-2-[(8)-carboxy(2-phenoxyacetamido)methyl]-5,5­
dimethyl-l,3-thiazotidine-4-carboxytic acid (penicilloic
acids of phenoxymethylpenicillin),

H, C0:2Ho HN~CH'
~o'](~,-.+-s CH,

o
andepimefat C'

F. (2RS,4S)-5,5-dimethyl-2-[(2-phenoxyacetamido)methyl)­
1,3-thiazolidine-4-earboxylic acid (penilloic acids of
phenoxymethylpenicillin),

"-" co'"
~ HN~CH'
lAo'](~J-s ":'

d~6
G. (2E,4S)-2-[(I8)-2-[benzyl[2-(benzylamino)ethyl]amino)­

2-oxo-l-(2-phenoxyacetamido)ethyl)-5,5-dimethyl-l,3­
thiazolidine-4-carboxylic acid,

H" unknown structure,

XCO:2H
~ HN, ,XCH,

lAo~~:(s CH,

~o?V
~N 0

H'C~S;C~~oYl
~c NH ~
Ho,C "H

1. (28,2'8,4S,4'S)-2,2'-[ethane-l,2-diylbis
[(benzylazanediyl)[2-oxo-I-(2-phenoxyacetamido)ethane­
2, l-diyl]))bis(5,5-dimethyl-l ,3-thiazolidine-4-carboxylic
acid).

___________________ PffE..
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PhElr _

DEFINITION
3-[[(4,5-Dihydro-IH-imidazol-2-yl)methyl] (4-methylphenyl)
amino]phenol methanesulfonate.

Content
98.0 per cent to 101.0 per cent (dried substance).

PRODUCTION
It is considered that alkyl methanesulfonere esters are
genotoxic and are potential impurities in phentolamine
mesilate. The manufacturing processshould be developed
taking into consideration the principles of quality risk
management, together with considerations of the quality of
starting materials, process capability and validation.
The general methods 2.5.37. Merhyl, erhyl and isopropyl
melhanesulfonau in methanesulfonic acid, 2.5.38. Methyl, erhy{
and isopropyl methanesulfonau in active substances and
2.5.39. Merhanesulfonyl chloride in merhanesulfonic acidare
available to assistmanufacturers.

E. Mix 50 mg with0.2 g of sodium hydroxide R, heat to
fusion and continueheatingfor a few seconds. Allow to cool
and add 0.5 mL of warm waterR. Acidifywithdilute
hydrochloric acidR and heat. Sulfurdioxide is evolved, which
turns moistened starch iodate paperR blue.

TESTS
Acidity
Dissolve 0.1 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent. Add 0.1 mL of methylred
solution R. If the solutionis red, not more than 0.05 mL of
0.1 M sodium hydroxide is required to change the colourof
the indicator to yellow.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediatdy before use.
Testsohnion Dissolve 25 mg of the substance to be
examined in the mobilephaseand dilute to 50.0 mL with
the mobilephase.
Reference solution (a) Dilute 5.0 mL of the test solutionto
100.0 mL with the mobile phase. Dilute 2.0 mL of this
solution to 50.0 mL with the mobilephase.
Reference solution (b) Dissolve 5 mg of phentolamine for
system suitability CRS (containing impurities A and C) in the
mobile phase and dilute to JO mL with the mobile phase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: phenylsily{ silica gelfor chromatography R

(5 pm);
- tenljJeramre: 30 "C.
Mobile phase Mix 33 volumes of acetonim7e for
chromatography Rand 67 volumes of a 0.5 gILsolution of
ammonium autate R previously adjusted to pH 5.9 with diluu
acetic acid R.
Flow rate J.5 mUmin.
Detection Spectrophotometer at 230 nm.

Injection 10 1'1-.
Run time J.5 times the retention time of phentolamine.
Idenujication of impun'ties Use the chromatogram supplied
withphentolamine for system suitability CRS and the
chromatogram obtained withreference solution (b) to
identify the peaksdue to impurities A and C.
Relative retention Withreference to phentolamine (retention
time=about 15 min): impurity A =about 0.7;
impurity C = about 1.2.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

phentolamine and impurity C.
Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 1.7;
- impun'ty A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.2 pet cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total: not more than2.5 times the area of the principal
peakin the chromatogram obtainedwithreference
solution (a) (0.5 per cent);

65-28-1

**** ** •
* **.*

377.5

(ph. Eur. monograph 1138)

Phentolamine Mesilate

Action and use
Alpha-adrenoceptor antagonise.

Preparation
Phentolamine Injection

CHARACTERS
Appearance
White or almost white, slightlyhygroscopic, crystalline
powder.

Solubility
Freelysoluble in waterand in ethanol (96 per cent),
practically insoluble in methylenechloride.

IDENTIFICATION
First identification: C, E.

Second identification: A, B, D, E.

A. Melting point (2.2.14): 178°C to 182 °C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 60.0 mg in waterR and dilute to
100.0 mL with the same solvent. Dilute 5.0 mL of the
solution to 100.0 mL with water R.
Spectral range 230-350 nm.

Absorption maximum At 278 nm.

Specific absorbance at the absorption maximum 220 to 245.

C. Inlrared absorption spectrophotometry (2.2.24).

Comparison phentolamine mesilate CRS.
D. Dissolve 0.5 g in a mixture of 5 mL of ethanol
(96 per cenO Rand 5 mL of a 10 gIL solution of hydrochloric
acid R and add 0.5 mL of a 5 gILsolution of ammonium
vanadateR. A light greenprecipitate is produced.
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63-91-2165.2

Action and use
Amino acid.

(Ph. Bur. monograph 0782)

POE... _

Phenylalanine

DEFINITION
(2S)-2-Amino-3-phenylpropanoic acid.

Product of fermentation or of protein hydrolysis.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder, or shiny, white
flakes.

Solubility
Sparingly soluble in water, very slightly soluble in ethanol
(96 per cent). It dissolves in dilute mineral acids and in
dilute solutions of alkali hydroxides.

IDENfIFICATION
First identification: A, B.
Second idetJujicau"on: A, CJ D.

A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison phenylalanine CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in a mixture of equal volumes of glacial acetic
acidR and waterR and dilute to 50 mL with the same
mixture of solvents.

Reference solution Dissolve 10 mg of phenylalanine CRS in a
mixture of equal volumes of gOOal acetic acidR and water R
and dilute to 50 mL with the same mixture of solvents.

Plate TLC silica gelplate R.
Mobilephase glacial acetic acidR, water R, butanolR
(20:20:60 VIVII').

Application 5 ~L.

Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydrin soludon R and heat at 105 °C
for 15 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. To about 10 mg add 0.5 g of potassium nitrate Rand
2 mL of ,ulfuricacidR. Heat on a water-bath for 20 min.
Allow to cool. Add 5 mL of a 50 gIL solution of
hydroxylamine hydrochlmide R and allow to stand in iced water
for 10 min. Add 9 mL of strong sodium hydroxide ,oIution R.
A violet-red or violet-brown colour develops.

- disregard limit: 0.25 times the area of the principal peak in
me chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
M..ximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 100 mL of 2-propanol Rl. Titrate under a
stream of nitrogen with 0.1 M tetrabutylammonium hydroxide
itt 2-propanol. Determine the end-point potentiometrically
(2.2.20), using a glass indicator electrode and a suitable
reference electrode. Carry out a blank titration.

1 mL of 0.11\-1 tetrabutylammonium hydroxide in 2-propanol is
equivalent [0 37.75 mg of CISH2JNJO"S.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Spedjied impurities A.

Other dete<lable impurities (lire following sub'lances would, if
present at a sufficient level) be detected by oneor otherof the tests
in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances jor phannaceutical use) B, C.

A. N-(2-aminoethyl)-2-[(3-hydroxyphenyl)(4-methylphenyl)
amino]acetamide,

C.3-[(4-methylphenyl)amino]phenol.

B. 2-(chloromethyl)-4,5-dihydro-IH-imidazole,

_____~ POE...
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TESTS
Appearance of solution
The solution is dear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, Method If).

Dissolve 0.5 g in a 103 gIL solution of hydrochloric acidRand
dilute to 10 mL with the same solution.

Specific optical rotation (2.2.7)
-35.5 to -33.0 (dried substance).

Dissolve 0.50 g in walerR and dilute to 25.0 mL with the
same solvent.

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method I.

The concentrations of the test solution and the reference
solutions may be adapted according to the sensitivity of the
equipment used. The concentrations of all solutions are
adjusted so that the system suitability requirements described
In general chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.

Solution A dihue hydrochloric acid Rl or a sample preparation
buffer suitable for the apparatus used.

Test sdution Dissolve 30.0 mg of the substance to be
examined in solution A and dilute [0 50.0 mL with
solution A.

Referena solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 2.0 mL of this solution to
10.0 mL with solution A.

Reference solution (b) Dissolve 30.0 mg of proline R in
solution A and dilute to 100.0 mL with solution A. Dilute
1.0 mL of the solution to 250.0 mL with solution A.

Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (/001'1'111 NH.J R to 50.0 mL with solution A. Dilute
1.0 mL of this solution to 100.0 mL with solution A.
Reference solurion (d) Dissolve 30 mg of isoleu<ine Rand
30 mg of leucine R in solution A and dilute to 50.0 mL with
solution A. Dilute 1.0 mL of the solution to 200.0 mL with
solution A.

Blank solution Solution A.

Inject suitable, equal amounts of the test, blank and reference
solutions into the amino acid analyser. RWl a program
suitable for the determination of physiological amino acids.

System suitabu,iy Reference solution (d):
- resolution: minimum 1.5 between the peaks due [0

isoleucine and leucine.

Calculation of percentage contents:
- for any ninhydrin-positive substance detected at 570 nm,

use the concentration of phenylalanine in reference
solution (a);

- for any ninhydrin-positive substance detected at 440 om,
use the concentration of proline in reference solution (b);
if a peak is above me reporting threshold at both
wavelengths, use the result obtained at 570 om for
quantification.

Limits:
- atry ninhydrin-positive substance: for each impurity,

maximum 0.2 per cent;
- tocal: maximum 0.5 per cent;
- repomng threshold: 0.05 per cent.

The thresholds indicated under Related substances
(fable 2034.-1) in the general monograph Substances for
phamroceurical use (2034) do not apply.

Chlorides (2.4. if)
Maximum 200 ppm.

Phenylalanine 11-601

Dissolve 0.25 g in 3 mL of dilute nimc acid R and dilute to
15 mL with water R. The solution, without further addition
of nitric acid, complies with the test.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in a mixture of 5 volumes of dilute hydrochlorU
acidRand 25 volumes of distilled waterR and dilute to
15 mL with the same mixture of solvents.

Anunonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.

Injection Test solution, reference solution (c) and blank
solution.

Limit:
:- ammonium at 570 nm: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (c) (0.02 per cent), taking into account
the peak due to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 g in 10 mL of dihue
hydrochlo,u acid R. Shake with 3 quantities) each of 10 ml,
of methyl isobutyl ketone R1, shaking for 3 min each time.
To the combined organic layers add 10 mL of water Rand
shake for 3 min. Use the aqueous layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.1if)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 3 mL of anhydrous formic add R.
Add 30 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchloric acid) determining the end-point potentiometrically
(2.2.2U).

1 mL of 0.1 M perchloric acidis equivalent to 16.52 mg of
C,HIIN02 •

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impun'ties (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
itt the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impuruies. 11 istherefore not
necessary to identify these impurities for demonstration of
compliana. See also 5.JO. Control of impurities in substances for
pharmaceutical use) A, B, C~ D.

A. (2S)-2-amino-4-methylpentanoic acid (leucine),

B. (2S)-2-amino-4-(methylsulfanyl)butanoic acid
(methionine),
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II-602 Phenylbutazone 2022

C. (2S)-2-amino-3-(4-hydroxyphenyl)propanoic acid
(tyrosine),

D. (2S)-2-amino-3-methylbutanoic acid (valine).
______~ ~ ~_"'E"

Results The principal spot in the chromatogram obtained
with the test solution is similar in position andsize to the
principal spot in the chromatogram obtained with the
reference solution.
C. Infrared absorption spectrophotometry (2.2.2<{).

Comparison phenylbulaZrme CRS.

D. To 0.1 g add I mL of glacial auric acid Rand 2 mL of
hydrochloric acidR and heat the mixture under a reflux
condenser for 30 min. Cool, add 10 mLof waterR and filter.
To the filtrate add 3 rnL of a 7 gIL solution of sodium
nitrite R. A yellowcolouris produced. To 1 mL of the
solution add a solution of 10 mg of p-naphthol R in 5 rnL of
sodium carbonate sohuion R. A brownish-red to violet-red
precipitate is formed.

"'E" _

Phenylbutazone

TESTS
Solution S
Dissolve 1.0 g with shaking in 20 mL of dilute sodium
hydroxide solution R and maintain the solution at 25°C
for 3 h.

Appearance of solution
Solution S is clear (2.2.1).

AcIdity or alkalinity
Heat to boiling 1.0 g in 50 rnL of water R, cool with shaking
in a closed flask and filter. To 25 rnL of the filtrate add
0.5 mLof phe,rolphthalein solution R. The solution is
colourless. Not more than 0.5 mL of 0.01 M sodium
hydroxide is required to change the colourof the indicator.
Add 0.6 rnL of 0.01 M hydroch1uric acid and 0.1 rnL of methyl
redsolution Rj the solution is red or orange.

Absorbance (2.2.25)
Maximum 0.20 for solutionS at 420 run in a 4 cm cell.

Related substances
Liquid chromatography (2.2.29). Prepa", the solulions
immediately before use.
Testsolution Dissolve 100.0 mg of the substance to be
examined in acetonitn"k R and dilute to 10.0 mL with the
same solvent.
Reference solmion (a) Dilute 1.0 rnL of the test solution to
100.0 rnL with a<eurnilnle R. Dilute 1.0 rnL to 10.0 rnL with
acetonitrile R.

Referenu solution (b) Dissolve 5 mg ofphenylbulaZrme
impurity B CRS and 5 mg of 1,2-diphenylhydrazine R in
acetoninile R, add 0.5 mL of the test solutionand dilute to
50 rnL with aceumitrile R. Dilute 2.5 rnL to 10 rnL with
acetonitrile R.

Reference solution (c) Dissolve 1.0 mg of benzidine R in
acetonitrile R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 rnL to 100.0 rnL with acetonitrile R. Dilute 5.0 rnL
to 10.0 rnL with aaurnitrile R.
Column:
- size: 1= 0.125 m, 0 = 4.0 mm,
- stationary phase: oclade<y/silyl silica gel fur chromawgraphy R

(5 pm),
- temperature: 30 'C.

Mobile phase:
- mobile phase A: dissolve 1.36 g of sodium a"",ate R in

waterR, adjust to pH 5.2 with a 52.5 gIL solutionof ciuic
acid monohydrate R and diluteto 1000 mL with water R)

- mobile phase B: aatonitn7e R,

50-33-9308.4

Action and use .
Cycle-oxygenase inhibitor; pyrazolone analgesic.

(Ph. EUT. monograph 0422)

IDENTIFICATION
First identification: A, C.
Second identification: A, B, D.
A. Melting point (2.2.1<{): 104 -c to 107 'C.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in a mixture of equalvolumes of ethanol R and
methylene chloride R and dilute to 25 rnL with the same
mixture of solvents.
Reference solution Dissolve 25 mg of phenylbutazone GRS in a
mixture of equal volumes of ethanol Rand methykne
chloride R and dilute to 25 mL with the same mixture of
solvents.
Plate TLG silica gel GFZ54 plateR.
Mobile phase aurone R, methylene chloride R (20:80 VIV).
Application 5 IJL.
Development Over a path of I 0 em.

Drying In air.

Dec«tion Examine in ultraviolet lightat 254 run.

DEFINlTION
4-BuryI-I,2-diphenylpyrazolidine-3,5 -dlone.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in alcohol.
It dissolves in alkaline solutions.
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2022 Phenylephrine II-603

Time
(min)

Mobile phase A
(per cent V/JI)

Mobile phase B
(per cent Vm

IMPURITIES

Flaw rale 1.5 mlJrnin.

Detection Spectrophotometer at 240 run.

Injection 20 IlL; inject the test solution and reference
solutions (0) and (b).

Relativeretentions With reference [Q phenylbutazone
(retention time = about 13 min): impurity E = about 0.2;
impurity A ::::; about 0.5; impurity B = about 1.2;
impurity C =about 1.3; impurity D =about 1.7.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

phenylbutazone and to impurity B.

Limits:
- correaion factor. for the calculation of conrent, multiply the

peak area of impurity C by 0.55,
- impurities A..B: for each impurity, not more than

2.5 times the area of me principal peak in the
chromatogram obtained with reference solution (a)
(0.25 per cent),

- impun·ty C: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.20 per cent),

- any other impun·ty: not more than the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.1 per cent),

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent),

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.025 per cent); disregard any peak due to impurity E.

hnpurlty E
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Detection Spectrophotometer at 280 nm.

Injection Test solution and reference solution (c).

System suitability Reference solution (c):
- signal-to-noise ratio: minimum 10 for the principal peak.

Limit:
- impun"ty E: not more than the area of the principal peak in

the chromatogram obtained with reference solution (c)
(5 ppm).

Los. on drying (2.2.32)
Maximum 0.2 per cent, determined on 1.000 g by drying in
vacuoat 8.0 °C for 4 h.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 25 mL of acetone R and add 0.5 mL of
bromothymol blue solution Rl. Titrate with 0.1 M sodium
hydroxide until a blue colour is obtained which persists for
15 s. Carry out a blank titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 30.84 mg of
C,oHwN202.

STORAGE
Protected from light.

A. (2RS)-2-[(1,2-diphenyldiazanyl)carbonyl]hexanoic acid,

59-42-7

and enan!iomer

161.2

HOifH"OH ~,
I CH,

.<"

Acdon and use
Alpha-adrenoceptor agonist.

""E" ~ _
DEFINITION
(IR)-I-(3-Hydroxyphenyl)-2-(methylamino)ethanol.

Content
99.0 per cent to 100.5 pet cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, sparingly soluble in methanol,
slightly soluble in ethanol (96 per cent). It dissolves in dilute
mineral acids and in dilute solutions of alkali hydroxides.

mp
About 174 'C.

IDENTIFICATION
First identification: A, B.
Second identification: A, C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption specrrcphctometry (2.2.24).

Comparison phenylephrine CRS.

_____________________ ""E"

H,N-G-O-NH,

B. 4-butyl-4-hydroxy-I,2-diphenylpyrnzolidine-3,5-dione,

C. C.H5-NH-NH-C.H5 : 1,2-diphenyldiazane (1,2­
diphenylhydrazine),

D. C(iHs-N=N-C(iHs: 1,2-diphenyldiazene,

Phenylephrine
(Ph. Eur. monograph 1035)

E. biphenyl-4,4'-diamine (benzidine).

30
30 -+ 60

60

60 --> 30

70

70 -+ 40

40

40 -> 70

0- to
10 - 20

20 - 35

35 - 40
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Il-604 Phenylephrine

C. Thin-layer chromatography (2.2.27).

Solvent mixture A mixture of equal volumes of methylene
chloride Rand methanolic hydrochloric acid (hydrorhlo";';
acidR diluted 10-fold with methanol R).
Test solution Dissolve 0.1 g of the substance to be examined
in the solvent mixture and dilute to 5 mL with the solvent
mixture.
Reference solu'ioll Dissolve 20 mg of phenylephnne CRS in
the solvent mixture and dilute to 1 mL with the solvent
mixture.
Plate TLC Sllira gelFm ploteR.
Ivlobl1e phase concentrated ammonia R, methanol R, methylene
chloride R (0.5:25:70 VIVIII).

Applira,ion 10 ~L
Development Overa path of 15 em.
Drying In a current of cold air.
Detection Examine in ultraviolet lightat 254 nm; spray with
a 1 gIL solution offas' red B sal' R in a 50 gIL solution of
sodium carbonate R and examine in daylight.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colourand size to

theprincipal spot in the chromatogram obtained with the
reference solution.
D. Dissolve about 10 mg in 1 mL of 1 M hydrochlo.u acid,
add 0.05 mL of copper sulfate solution Rand 1 mL of a
200 gIL solution of sodium hydroxide R. A violet colour
develops. Add 1 mL of ether R and shake. The upper layer
remains colourless.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solutionY7 (2.2.2J IYlethod II).
Dissolve 1 g in 1 M hydrochloric acidand dilute to 10 mL
with the same acid.

Specific optical rotation (2.2.7)
-53 to -57 (dried substance).

Dissolve 1.250 g in 1 M hydrochlo.u acidand dilute to
25.0 mL with the same acid.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture diluu hydrochloric acid RJ mobile phaseB,
mobile phase A (5:200:800 VIVIII).
Buffersoluuon pH 2.8 Dissolve 3.25 g of sodium
oclanesulfonate monohydrate R in 1000 mL of waterfor
chromatogrophy R by stirring for 30 min and adjust to pH 2.8
with daute phospho";'; acid R.

Test solution Dissolve 41.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.
Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 2.0 mL of this
solution to 100.0 mL with the solvent mixture.
Reference solution (b) Dissolve the contentsof a vial of
phenylephrine hydrochloride for peak identification CRS
(containing impurities C and E) in 2 mLof the solvent
mixture.
Column:
- size: / = 0.055 m, (2) :::: 4.0 nun;
- stationary phase: end-copped ocladecylsilyl silira gelfor

chromatography Rl (3 um):
- temperarure: 45 "C.

2022

Mobilephase:
- mobile phaseA: acetonitrile R1J buffer solutionpH 2.8

(10:90 VIII);
- mobile phaseB: buffer solutionpH 2.8J acetonitrile R1

(I0:90 VIII);

Tbne Mobile phase A MobUe phase B
(min) (per cent PIJI) (per cent vm
0-3 93 7

3 - 13 93 --> 70 7 --> 30

13 - 14 70 --> 93 30 ..... 7

Flow rate loS mUmin.
Detection Spectrophotometer at 215 om.

Illjection 10 ~L

Identification of impurides Identify the peaks due to
impurities C and E using the chromatogram obtained with
reference solution (b).

Relative retention With reference to phenylephrine (retention
time = about 2.8 min): impurity C =about 1.3;
impurity B = about 3.6.

System suilability:
- symmetry factor: maximum 1.9 for the principal peak in

the chromatogram obtained with the test solution;
- peak-to.-valley ralio: minimum 5.0J where Hp :::: height

above the baselineof the peakdue to impurity C and
Hv := height above the baseline of the lowest point of the
curveseparating this peakfrom the peakdue to
phenylephrine in the chromatogram obtained with
reference solution (b).

Limits:
- corrutUm factors: for the calculation of content) multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C :::: 0.5;
impurity B = 0.5;

- impurities C, E: for each impurity, not more than the area
of the principal peakin the chromatogram obtainedwith
reference solution (a) (0.1 per cent);

- unsp«ijied impuniies: for each impurity, not more than the
areaof the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.2 per cent);

- disregard limit. 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 60 mL of auhyclrous acetic acidR. Titrate
with O. I M perchloric aciddetermining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchlom acid is equivalent to 16.72 mg
of C9H13NOz.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impuri'ies C, E.
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2022 Phenylephrine Hydrochloride II-60S

____________________ PIlE"

PIlE" ~ _

DEFINITION
(IR)-I-(3-Hydroxyphenyl)-2-(methylamino)ethanol
hydrochloride.

Content
98.5 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solublllty
Freelysoluble in water and in ethanol (96 per cent).

mp
About 143 °C.

IDENTIFICATION
First identification: A, CJ B.
Second identification: AJ BJ DJ E.
A. Specificoptical rotation (see Tests).
B. Melting point (2.2.14): l71 °C.o 176 -c,
Dissolve 0.3 g in 3 mL of waterRJ add I mL of dilute
ammonia Rl and initiate crystallisation byscratching the wall
of the tube witha glassrod. Wash the crystals with iced
water R and dryat 105 °C for 2 h.
C. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison phenylephrine hydrochloride CRS.
D. Dissolve about 10 mg in 1 mL of waterR and add
0.05 mL of a 125 gIL solution of copper sulfate pell/ahydrate R
and I mL of a 200 gIL solution of sodium hydroxide R.
A violet colour is produced. Add I mL of ether R and shake;
the upperlayerremains colourless.
E. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.00 g in carbon dioxide-free waterR prepared from
distilled water R and dilute to 100.0 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodIf).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of methylred solution R
and 0.2 mL of 0.01 M sodium hydroxide. The solution is
yellow. No. more than 0.4 mL of 0.01 M hydrochloric acid is
required to change the colour of the indicator to red.

Specific optical rotation (2.2.7)
-43 to -47 (dried substance), determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobile phase A
(20:80 VIV).

Buffersolution pH 2.8 Dissolve 3.25 g of sodium
oaanesulfonate monohydrate R in 1000 mL of waterfor
chromatography R by stirring for 30 min and adjust '0 pH 2.8
with dilute phosphoric acidR.

Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.
Reference solution (aJ Dilute 5.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 2.0 mL of this
solution to 100.0 mL with the solvent mixture.

61-76-7203.7

E. 2-(benzylmethylamino)-I-(3-hydroxyphenyl)ethanone
(benzylphenylephrone).

C. 1-(3-hydroxyphenyl)-2-(methylamino)ethanone
(phenylephrone),

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor ocher of the tests
in the monograph. Theyarelimited by thegeneral acceptance
criterion for other/unspecified impuruies and/or by thegeneral
monograph Substances/or pharmaceutical use (2034). It is
therefore not n«mary to identify these impuruies for
demonstration of compliance. See also 5.10. Comrd of impurities
in substances forpharmaceutical use) A, D.

a

HO~.~,I CH3

4"

A. (IR)-2-amino-I-(3-hydroxyphenyl)ethanol
(norphenylephrine),

D. (IR)-2-(benzylmethylamino)-I-(3-hydroxyphenyl)ethanol
(benzylphenylephrine),

("I
H..OH~

HoifN-CH,

(Ph. Eur. monograph 0632)

Phenylephrine Hydrochloride

Action and use
Alpha-adrenoceptor agonist.

Preparations
Phenylephrine Eye Drops

Phenylephrine Injection

Phenylephrine Intracameral Injection

HO~~o 'CH3· HCI
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II-606 Phenylephrine Hydrochloride 2022

Reference solution (b) Dissolve the contents of a vial of
phenyl<ph,,'n, hydrochloride for p,ak identification CRS
(containing impurities C and E) in 2 mL of the solvent
mixture.

Column:
- size: I = 0.055 m, 0 :;;; 4.0 mm;
- stationary phase: end-capped oaaduylsilyl silica gelfor

chromatography R1 (3 urn),
- temperature: 45 "C.

Mobil, phase:
- mobile phase A: acetomtrile Rl, buffer solution pH 2.8

(10:90 VIV);
- mobile phase B: buffer solution pH 2.8, aceumim7e RJ

(10:90 VIV);

Flow rau 1.5 mUmin.

Detection Spectrophotometer at 215 nm.

Injeaion 10 ~L.

Identification of impur;rks Identify the peaks due to
impurities C and E using the chromatogram obtained with
reference solution (b).

Relative retention With reference to phenylephrine (retention
time = about 2.8 min): impurity C = about 1.3;
impurity E =about 3.6.

System suitabilil)':
- symmetry factor. maximwn 1.9 for the principal peak in

the chromatogram obtained with the test solution;
- peah-io-oalley ralio: minimum 5.0, where Hp =height

above the baseline of the peak due to impurity C and
Hv := height above the baseline of the lowest point of the
curve separating this peak from the peak due to
phenylephrine in the chromatogram obtained with
reference solution (b).

Limiu:
- correction [acton: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C := 0.5;
impurity E = 0.5;

- impurities C, E: for each Impurity, not more chan the area
of the principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- unspecified impurilies: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- Wtal: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 per ceut);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Sulfates (2.4.13)
Maximum 500 ppm) determined on solution S.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at lOS "C.

Sulfated ash (2.4. if)
Maximum 0.1 per cent) determined on 1.0 g.

Time
(mIn)

0-3

3 - 13

13· 14

Mobile phase A
(per cent VIJI)

93
93 ---> 70

70 ---> 93

Mobile phase B
(per cent VIJI)

7

7 ..... JO
30 ---> 7

ASSAY
Dissolve 0.150 g in a mixture of 0.5 mL of 0.1 M hydrochloric
acidand 80 mL of erhal/of (96 per"til) R. Carry out a
potentiometric titration (2.2.20) using 0.11\1 ethanolic sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 M ethanoiic sodium hydroxide is equivalent to
20.37 mg of C,H1.CIN02 •

IMPURITIES
Specified impurilies C, E.
Orher detectable impurities (rhe jofl(Jwing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They arelimited by thegeneral aa.eptance
aiuiion for otherlunspecified impun"des and/or by thegeneral
mOllograph Substances for pharmaceutiwl use (2034). It is
therefore not necessary to idetlufy these ;mpun"lies for
demonstration of compliance. See also 5.10. Control ofimpuniies
in substances for phannaceutical use) A, D.HOHHOifNH'
A. (IKj-2-amino-I-(3-hydroxyphenyl)ethanol

(norphenylephriue),

°
Hoif~'CH,

4'

C. 1-(3-hydroxypheuyl)-2-(methylamino)ethanone
(phenylephrone),

n
H.OH~HOif"N,I CH,

4'

D. (IR)-2-(beozylmethylamino)-I-(3-hydroxyphenyl)ethanol
(benzylphenylephrine),

E. 2-(beozylmethylamino)-I-(3-hydroxypbenyl)ethanone
(beozylphenylephrone).

_____________________ Pf>E..
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2022 Phenylmercuric Borate II-607

Phenylmercuric Acetate

Action and use
Antiseptic, antimicrobial preservative.

ASSAY
Dissolve with heating 0.300 gin 100 mL of waterR. Cool
and add 3 mL of niuic acidR. Titrate with 0.1 1"1 ammonium
thiocyanate using 2 mL of feme ammonium sulfate solution R2
as indicator, until a persistent reddish-yellow colour is
obtained.

I mL of 0.1 M ammonium thiocyanate is equivalent to
33.67 mg of phenylmercuric acetate.

STORAGE
Protected from light.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 0.500 g by drying in
an oven at 45 °C for 15 h.

62-38-4336.7

(ph. Eur. monograph 2042)

C,H,HgO,

PhEu ~_

DEFINITION
Content
98.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish, crystalline powder or small, colourless
crystals.

Solubility
Slightly soluble in water, soluble in acetone and in alcohol.

IDENTIFICATION
First identification: A.
Secondidentification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of phmylmercuric
acetate.
B. To 5 mL of solution S (see Tests) add 5 mL of water R
and 0.1 mL of sodium sulfide solution R. A white precipitate is
fanned that darkens slowly on heating.

C. To 10 mL of solution S add 2 mL of potassium iodide
sdutionR and shake vigorously. Filter. The filtrate gives
reaction (b) of acetates (2.3.1).

TESTS
Solution S
Dissolve 0.250 g in 40 mL of waterR by heating to boiling.
Allow to cool and dilute to 50 mL with waterR. Prepare the
solution immediately before use.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2, Method11).

Ionised mercury
Maximum 0.2 per cent

To 2 mL of solution S add 8 mL of waterR, 2 mL of
potassium iodide solurion Rand 3 mL of dilutehydrochloric
acidR. Filter. The filtrate is not more coloured than the
potassium iodide solution used. Wash the precipitate with
3 mL of waterR. Combine the filtrate and the washings, add
2 mL of dihue sodium hydroxide solution R and dilute to
20 mL with waterR. 12 rnL of this solution complies with
test A for heavy metals (2.4.8). Prepare the reference solution
using leadstandard SOIUri01l (l ppm Pb) R.

Polymercuric benzene compounds
Maximum 1.5 per cent.

Shake 0.2 g with 10 mL of acet01/e R. Filter. Wash the
residue twice with 5 mL of acetone R. Dry the residue at
105 °C for 1 h. The residue weighs a maximum of 3 mg.

_ PhE"

Phenylmercuric Borate
(ph. Eur. monograph 0103)

Action and use
Antiseptic; antimicrobial preservative.

PhEu ~ _

DEFINITION
Compound consisting of equimolecular proportions of
phenylmercuric orthoborare and phenyhnercuric hydroxide
(C12H"BHg,O,; M, 633) or of the dehydrated form
(metaborate, C 12HuBHg203.iklr 615) or of a mixture of the
2 compounds.

Content
- mercury (Hg; A, 200.6): 64.5 per cent to 66.0 per cent

(dried substance),
- berates expressed as H3B03 : 9.8 per cenr to 10.3 per cent

(dried substance).

CHARACTERS
Appearance
White or slightly yellowish, crystalline powder or colourless,
shiny crystals.

Solubility
Slightly soluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison Ph. Bur. reference spearum of phenylmereun·c
borate.

B. To 2 mL of solution S (see Tests) add 8 mL of warer R
and 0.1 mL of sodium sulfide solution R. A white precipitate is
formed that darkens slowly on heating. "

C. Dissolve about 20 mg in 2 mL of mehand R.
The solution is clear and colourless. Ignite; the solution
bums with a green-edged flame.

TESTS
Solutlon S
Dissolve 0.25 g by sprinkling it on the surface of 25 mL of
boiJing waterR, cool and dilute to 25 mL with waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

Ionised mercury
Maximum 0.0 I per cent.
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____________________ PhEor

PhE" ~__

154-41-6

~Nl-I:2 andenantiomer , HelU Hi~CH,

187.7c.,H14CINO

Action and use
Adrenoceptor agonist.

Phenylpropanolamine
Hydrochloride
(ph. Eur. monograph 0683)

C. To 5 mL of solution S add I mL of dilute hydrochloric
acidR, 2 mL of methylene chloride Rand 0.2 mL of dithizone
solution R. Shake. The lower layer is orange-yellow.
D. About 10 mg gives the reaction of nitrates (2.3.1).

TESTS
Solution S
To 0.1 g add 45 mL of waterR and heat to boiling with
shaking. Cool, filter and dilute to 50 mL with waterR.
Appearance of soludon
Solution S is colourless (2.2.2, Method 11).

Inorganic mercuric compounds
M..aximum 0.1 per cent.
To 10 mL of solution S add 2 mL of potassium iodide
solution Rand 3 mL of dil"1e hydrochlori< add R. Filter.
The filtrate is colourless. Wash the precipitate with2 mL of
water R. Combine the filtrate and washings, add 2 mL of
dilute sodimn hydroxi<k solu"ot. Rand dilute to 20 mL with
water R. 12 mL of the solution complies with test A for
heavy metals (2.4.8). Prepare the reference solution using
leadstandard solurio" (1 ppm Ph) R.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
vacuo for 24 h.

ASSAY
Dissolve 0.150 g in a mixture of 10 rnL of dilute niuicadd R
and 90 mL of waterR, heating to boiling. Cool to 15~20 ClC.
Titrate with 0.1 M ammonium thiocyanate using2 mL ofjenic
ammonium sulfate soJutwn R2 as indicator, until a persistent
reddish-yellow colour is obtained. Carry out a blank titration.
1 mL of 0.1 M ammonium thiocyanate is equivalent to
20.06 mg of Hg.

STORAGE
Protected from light.

DEFINITION
(IRS,2SK)-2-Amino-l-phenylplOpan-l-ol hydrochloride.

Content
99.0 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in ethanol (96 per cent),
practically insoluble in methylene chloride.

(ph. Eur. monograph 0783)

Action and use
Antiseptic; antimicrobial preservative.

PhEor _

To 10 rnL of solution S add 2 mL of potassium iodide
solmion Rand 3 mL of dilute hydrtXhlmU acid R. Filter.
The filtrate is colourless. Wash the precipitate with 3 mL of
waterR. Combinethe filtrate and thewashings, add 2 mL of
dilute sodium hydroxide solution Rand dilute to 20 mL with
waterR. 12 mL of thissolution complies with test A for
heavy metals (2.4.8). Prepare the reference solution using a
mixture of 2.5 mL of lead standard solution (2 ppm Ph) Rand
7.5 mL of waterR.

Loss on drying (2.2.32)
Maximum 3.5 per cent, determined on 0.50 g by drying in
an oven at 45 °C for 15 h ± 30 min.

Phenylmercuric Nitrate

___~ PhEor

ASSAY
Mercury
Dissolve 0.300 g in 100 mL of warer R and add 3 mL of
nitric acid R. Titrate with 0.1 .l'vl ammonium thiocyanate, using
2 mL of feme ammonium sulfate solution R2 as indicator, until
a persistentreddish-yellow colour is obtained.
1 mL of 0.1 1\-1 ammonium thiocyanate is equivalent to
20.06 mg of Hg.

Borates
Dissolve 0.600 g with heating in 25 mL of waterR. Dissolve
10 g of sorbitol R in the hot solution and cool. Titrate with
0.1 M sodium hydroxide, using 0.5 mL of phenolphthalein
solution R as indicator, until a persistent pinkcolouris
obtained. Carry out a blank titration.
I mL of 0.1 M sodium hydroxide is equivalent to 6.18 mg of
H,BO,.

STORAGE
Protected from light.

DEFINITION
Mixture of phenylmercuric nitrate (C,H,HgNO,; M, 339.7)
and phenylmercuric hydroxide (C,H,HgOH; M, 294.7).

Content
62.5 per cent to 64.0 per cent cf Hg (A, 200.6) (dried
substance).

CHARACTERS
Appearance
White or pale yellowpowder.

Solublllty
Very stigbtly soluble in water and in ethanol (96 per cent),
slightly solublein hot water. It dissolves in glycerol and in
fatty oils.

IDENTIFICATION
A. To 5 mL of solution S (see Tests) add 8 rnL of waler R
and 0.1 mL of sodium sulfide solution R. A white precipitate is
formed that darkens slowly on heating.
B. To 1 mL of a saturated solution of the substance to be
examined add I mL of dilute hydrochloric acidR. A white,
flocculent precipitate is fanned.
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IDENTIFICATION
First identification: B, D.
Secondidentification: A, C, D.

A. Melting point (2.2.14): 194 'C to 197 'C.
B. Infrared absorption spectrophotometry (2.2.24).
Comparison phenylpropanolamine hydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in ethanol (96 percent) R and dilute to 10 mL with
the same solvent.

Reference solution Dissolve 10 mg ofpheny/propanolamine
hydrochloride CRS in ethanol (96 percenlj R and dilute to
5 mL with the same solvent.

Plate TLC silica gelG plateR.

Pretreatment Spray with a 20 gIL solution of disodium
tetrabomte R, using 8 mL for a plate 100 mm x 200 mm and
dry in a stream of cold airfor 30 min.
!vfobile phase concentrated ammonia R, ethanol (96 perWIt) R,
butanolR (6:24:70 VIVII').

Application IO ~L as bands of IO mm by 3 mm.
Development Over 112 of the plate.

Drying In a current ofwann ale.
Detection Allow to cool, men spray with a 2 gIL solution of
ninhydrin R in ethanol (96 percenlj R and heat at IIO 'C for
15 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size to
me principal spot in the.chromatogram obtainedwith the
reference solution.
D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.25 g in water R and dilute (0 25 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodIf).

AcIdltyor alkaIinity
To IO mL of solution S add 0.1 mL of methylred solution R
and 0.2 mL of 0.01 M sadium hydroxide. The solution is
yellow. Add 0.4 mL of 0.01 M hydrochloric acid. The solution
is red.

Related substances
Liquid chromatography (2.2.29).
Buffersolution Dissolve 3.4 g of potassium dihydrogen
phosphate R in 500 mL of waterfor chromatography Rand
adjust to pH 2.5 with phosphoric acidR.
Test solulion Dissolve 25.0 mg of the substance to be
examined in methanol R and dilute to 25.0 mL with the same
solvent.
Reference solution (a) Dilute 1.0 mL of the test solution [0

100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 5 mg of cathine
hydrochloride R (IS,2S-enantiomer of impurity A) in
methanol R and dilute to 50 mL with the same solvent.
Dilute I mL of the solution to 10 mL with methanol R.
Dilute 1 mL of this solution to 10 mL with the test solution.
Column:
- size: I;;;; 0.075 m, 0 = 3.0 mm;
- stationary phase: octadecylsilyl SIlica gelfar chromatography R

(1.8 um);

Phenylpropanolamine Hydrochloride II-609

- temperature: 40 DC.

Afobi/e phase:
- mobile phaseA: acetoniuile Rl, buffer solution (2:98 VIV);
- mobile phase B: waterfor chromatography R, acetonitrile R1

(30:70 VII');

Time Mobile phase A Mobile phase B
(mJn) (per cent VIJ') (per cent VIl1
0-. 100 0

6 - 14 100 ..... 48 0 ..... 52

J4 - 18 48 52

Flow rate 0.56 mUmin.

Detection Spectrophotometer at 206 run.

lnjection J IJL.
ldemificasion of impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity A.
Relative retention With reference to phenylpropanolamine
(retention time = about 3 min): impurity A ;;;; about 1.2.

System suitability Reference solution (b):
- peak-to-valley ratio: minimum 2.0J where Hp ;;;; height

above the baselineof the peakdue to impurity A and
H; ;;;; height above the baselin.e of the lowestpoint of the
curveseparating this peakfrom me peakdue to
phenylpropanolamine.

Calculation of percentage contents:
- for each impurity, use the concentration of

phenylpropanolamine hydrochloride in reference
solution (a).

Limits:
- unspedfied impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

L088 on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 DC.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in a mixture of 5.0 mL of 0.01 M
hydrochloric acidand 50 mL of ethanol (96 percent) R. Carry
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume addedbetween the 2 points of
inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 18.77 mg of
C9H'4CINO.

IMPURITIES
Otherdetectable impurities (thejoIlawing substances wauld, if
present at a sufficientlevel, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
ctiterion for otherhmspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not n«essary to identify these impurities for
demonstration of compliance. See also5.10. Concrol of impwilies
in substances for phannaceutica/ use) A, B, C, D, E.
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PhE" _

________________~Phf<l

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent), very slightly soluble in methylene chloride.
It dissolves in dilutesolutions of alkali hydroxides.

IDENfIFlCATION
Infrared absorption spectrophotometry (2.2.24).

Comparison phenytoin CRS.

TESTS
Appearance of solution
The solution is clear(2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, Method If).
Dissolve 1.0 g in a mixture of 5 mLof 1 M sodium hydroxide
and 20 mL of waterR.

Acidity or alkalinity
To 1.0 g add 45 mL of warer R and boil for 2 mio. Allow to
cool and filter. Wash the filter withcarbon dioxide-free waterR
and dilute the combined filtrate andwashings to 50 mL with
the same solvent. To 10 mL of the solution add 0.15 mL of
methylred solution R. Not more than 0.5 mL of 0.01 M
hydrochloric acidis required to change the colour of the
indicator to red. To 10 mL of the solution add 0.15 mL of
bromolhymal blue solulion Rl. Not more than 0.5 mL of
0.01 M sodium hydroxide is required to change the colour of
the indicator to blue.

Related substances
liquid chromatography (2.2.29).

Testsolution (a) Dissolve 50.0 mg of thesubstance to be
examined in the mobilephase and dilute to 50.0 mLwith
the mobilephase.
Testsolution (b) Dilute 1.0 mL of 'est solution (a) to
20.0 mL with the mobile phase.

Reference solution (a) Dilute 1.0 mLof 'est solution (a) to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 2 mg of 2,2-diphenylg/ycine R
(impurity C) in 100 mL of the mobile phase.

Reference sdution (c) Dissolve 10 mg of phellYtoin for system
suitability CRS (containing impurities 0 and E) in the mobile
phase, add I mL of reference solution (b) and dilute to
10 mL with the mobile phase.

Reference solution (d) Dissolve 50.0 mg of phenytoin CRS in
the mobile phase and dilute to 50.0 mL with the mobile
phase. Dilute 1.0 mL of the solution to 20.0 mL with the
mobilephase.
Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped aaadecy/si/yl silica gelfor

chromatography compatible with J00percent aqueous mobile
phases R (5 urn),

Mobile phase Mix 20 volumes of methanol R2, 35 volumes of
acetonitrile Rl and 45 volumes of a 5.75 'lfL solution of
ammanium dihydrogen phosphate R adjus,ed '0 pH 2.5 with
phosphoric acidR.

Flow rate 1.5 mllmin.

Detection Spectrophotometer at 220 run.
Injection 20 J.IL of test solution (a) andreference
solutions (a) and (c).

Run time 4 times the retention timeof phenytoin.
Identification of impurities Use the chromatogram supplied
with phellYwin for sysrem suitability CRS and the
chromatogram obtained withreference solution (c) to identify
the peaks due to impurities CJ D andE.

57-41-0252.3

Action and use
Antiepileptic.

Preparation
Phenytoin Oral Suspension

(Ph. Bur. monograph 1253)

Phenytoin

E. I-phenylpropan-I-one (propiophenone).

o

~CH'

D. (2BZ)-2-(hydroxyimino)-I-phenylpropan-I-one
(c-isonirroscpropiophenone),

o

~N"'OH and(Z)-lsomer

U 6H3

C. (2RS)-I-phenylpropan-2-amine (amfetamioe),

()?\NH'
I ... andeoantiomer

"'- H CH,

B. (2RS)-2-amioo-I-phenylpropan-I-one (racemic
cathincne),

o

~NH2 andenanUomer

U H'\~H3

A. (IRS,2RS)-2-amino-I-phenylpropan-I-o! (racemic
cathine, racemic norpseudoephedrine),

DEFINITION
5,5-Diphenylimidazolidine-2,4-dione.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.
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2022 Phenytoin Sodium 11-611

630-93-3274.3

(Ph. Ear. monograph 0521)

Phenytoin Sodium

Action and use
Antiepileptic.

Preparations
Phenytoin Capsules
Phenytoin Injection

Phenytoin Tablets

F. (5E)-5-(4-methylphenyl)-5-phenylimidazolidine-2,4-dione.

"" °I ..P H~--(
NH

f' ~

°

E. (carbamoylamino)diphenyJacetic acid,

ca
o

I HN---<
.# NH2

f _ CO,H

D.3aJ6a-diphenyltetrahydroimidazo[4J5-djimidazole-2,5

(IH,3H)-dione,

_____________________ PhE"

C. amino(diphenyl)acetic acid (2,2-diphenylglycine),

Relativeretention With reference to phenytoin (retention
time = about 4 min): impurity C = about 0.5;
impurity D =about 0.6; impurity E =about 0.8.

System suitability Reference solution (c):
- resolution: minimum 3.5 between the peaks due to

impurities D and E.

Limits:
- correction factors: for the calculation of content, multiply

the peaksareas of the following impurities by the
corresponding correction factor: impurity D = 1.7;
impurity E = 1.4;

- impun"ty E: not more than3 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- ;tn/nniry C: not more than twice the areaof the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impun"ty D: not more than the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.1 per cent);

- unspecified imptmues: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (d).

Calculate the percentagecontent of CIsHl2N202 taking into
account the assigned content of phenytoin CRS.

IMPURITIES
Specified impuniies CJ DJ E.

Other detectable impurities (thefollowing substances wouldJ if
present at a sufficient levelJ be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral aaeprance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances fur pharmaceutical use (2034). It is
therefore not n~essary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) AJ BJ F.

A. diphenylmethanone (benzophenone),

B. diphenylethanedione (benzil),

PhE" _

DEFINITION
Sodium 4-oxo-5,5-diphenyl-4,5-dihydro-IH-imidazol-2-o1ate.

Content
98.0 per cent to 102.0per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white) very hygroscopic, crystalline powder.
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II-612 Phenytoin Sodium

Solubility
Soluble in water and in ethanol (96 per cent), practically
insoluble in methylene chloride.

IDENTIFICATION
First identification: A, G.

Secondidentificatwn: B, G.

A. Infrared absorption spectrophotometry (2.2.24).

Preparation Suspend 0.1 g in 20 mL of waterR. Acidify
with dilute hydrochloric add R and shake with 3 quantities,
each of 30 mL, of ethyl acetat< R. Wash the combined ethyl
acetate layers with waterR, evaporate to dryness and dry the
residue at 100-105 °C (test residue), Repeat the operations
using 0.1 g of phenytoin sodium CRS (reference residue).
Examine as discs prepared using potassium bromide R.
Comparison phenytoin sodium CRS.

B. ThIn-layer chromatography (2.2.27).

Solvent mixture acetone R, methanol R (50:50 V/JI).

Test solution Dissolve 20 rng of the substance to be
examined in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution Dissolve 20 mg of phenytoin sodium CRS in
the solvent mixture and dilute to 10 mL with the solvent
mixture.

Plare TLC silica gelF'54 plateR.
"'Iobile phase concentrated ammonia R, toluene R, 2-propanol R
(10:40:50 VIVIJI).

Application 10 ~L as bands of 8 rom.

Development Over 213 of theplate.

Drying At 80°C for 5 min; allow to cool.

Detection Examine in ultraviolet light at 254 nm.

Results The principal zone in the chromatogram obtained
with the test solution is similar in position and size to the
principal zone in the chromatogram obtained with the
reference solution.

C. Ignite 1 g and cool. Add 2 mL of waterR to the residue
and neutralise the solution with hydrochloric acidR. Filter and
dilute the filtrate to 4 mL with waterR. 0.1 mL of the
solution gives reaction (b) of sodium (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY, (2.2.2, MethodII).

Suspend 1.0 g in 5 mL of waterR and dilute to 20 mL with
0.1 M sodium hydroxide.

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Test solution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with the mobile phase.

Reference solutwn (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solutwn (b) Dissolve 2 mg of 2,2-diphenylglycine R
(impurity C) in 100 mL of the mobile phase.

Reference solution (c) Dissolve 10 mg of phenytoin for system
suitabl1ity CRS (containing impurities D and E) in the mobile
phase) add 1 mL of reference solution (b) and dilute to
10 mL with the mobile phase.

2022

Reference solution (d) Dissolve 50.0 mg of phenytoin CRS in
the mobile phase and dilute to 50.0 mL with the mobile
phase. Dilute 1.0 mL of the solution to 20.0 mL with the
mobile phase.

Column:
- size: I == 0.25 m, (2) == 4.6 mm;
- stationary phase: end-copped oetade<y/silyl silica gelfor

chromatography compatible with 100 per cent aqueous mobile
phases R (5 urn).

Mobile phase Mix 20 volumes of methanalR2, 35 volumes of
acetonitrile R1 and 45 volumes of a 5.75 gIL solution of
ammonium dihydrogen phosphate R adjusted to pH 2.5 with
phosphoric acid R.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 nrn.
Injection 20 !IL of test solution (a) and reference
solutions (a) and (c).

Run lime 4 times the retention time of phenytoin.

Identification of impurities Use the chromatogram supplied
with phenytoin for syst<m suitabIlity CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities C, D and E.
Relatwe retention With reference to phenytoin (retention
rime e about 4 min): impurity C == about 0.5;
impurity D == about 0.6j impurity E == about 0.8.
System suiMbibiy Reference solution (c):
- resolution: minimum 3.5 between the peaks due to

impurities D and E.

Limits:
- correaion factors: for the calculation of content) multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity D == 1.7j
impurity E = 1.4;

- impun''Y E: not more than 3 rimes the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impurityC: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impurit)J D: not more than 1.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cent);

- unspecified impu"'t~: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
me chromatogram obtained with reference solution (a)
(0.05 per cent).

Free phenytoin
Dissolve 0.30 g in 10 mL of a mixture of equal volumes of
pyridine R and waterR. Add 0.5 mL of phenolphthalein
so/urian Rand 3 mL of silver nitrate solution in pyridine R.
Not more than 1.0 mL of 0.1 M sodium hydroxide Is required
to change the colour of the indicator to pink.

Water (2.5.12)
Maximum 3.0 per cent, determined on 1.00 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution (b) and reference solution (d).
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PIlE" _

108-73-6126.1

fHoMoH

Action and use
Antispasmodic.

Phloroglucinol

DEFINITION
Benzene-l,3,5-triol.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhitepowder.

Solubility
Sparingly soluble in water, freely soluble inethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.21).

Comparison onhydrous phlorogluci",,1 CRS.

B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve0.20 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Reference solution Dissolve 0.20 g of anhydrous
phloroglucinol CRS in methanol R and dilute to 10 mL with
the samesolvent.
Plate TLC si/ka gelF254 plateR.
Mobile phase anhydrousJonnie add R, hexane R, ethyl
a<etate R (2:37.5:62.5 VIVIV).
Apptiauion 10 ~L.

Development Over 213 of the plate.

Detection Examine in ultraviolet lightat 254 run.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.
C. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 2.50 g in ethanol (96 percent) R and dilute to
25 mLwith the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not moreintensely coloured
than reference solution BY, (2.2.2, Me,hodIl).

pH (2.2.3)
4.0 to 6.0.

Dilute 10 mL of solution S to 100 mL with carbon dioxide­
free waterR.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediarely before use andprotect from fight.

Anhydrous Phloroglucinol
(Ph. Bur. monograph 2301)

Calculate the percentage content of CisHIlN2Na02 taking
inrc account the assigned content of phenytoin CRS, and a
conversion factor of 1.09.

0y0
o

01~
~ru

STORAGE
In an airtight container.

IMPURITIES
Specified impurities C, D, B.

Otherde/mabie impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impun"ties and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not tletessary W identify these impurities for
demonstration oj complianu. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, B, F.

'" 0I HN--Q'"" . \NH

f' 1 0

A. diphenylmethanone (benzophenone),

C. amino(diphenyl)acetic acid (2,2-diphenylglycine),

B. diphenylethanedione (benzil),

D.3a,6a-diphenyltetrahydroimidazo[4,5-djimidazole-2,5
(IH,3H)-dione,

E. (carbamoylamino)diphenyJacetic acid,

F. (5E)-5-(4-methylphenyl)-5-phenylimidazolidine-2,4-<1ione.
____________________ PIlE"
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II-614 Phloroglucinol

Solvent mixture Mobile phase B, mobile phase A
(10:90 VIV).

Test solution Dissolve 50.0 mg of the substance [0 be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Reference solution (aJ Dilute 1.0 mL of the (est solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mLwith the solvent m.ixture.
Reference solmion (b) Dissolve 6 mg each of resorcind R
(impurity B), phloroglucide R (impurity D) and pyrogallol R
(impurity A) in 10 mL of the solvent mixture, add 2 mL of
the test solution and dilute to 20 mLwith me solvent
mixture. Dilute 1 mL of this solution to 50 mL with the
solvent mixture.
Reference solution (e) Dissolve 4 mg each of benzene-l,2,4­
triol R (impurity E), 2,6-dichlorophenol R (impurity I),
4-<hlortJresorcinol R (impurity K) and 3,5-dichloroaniline R
(impurity L) in 10 mL of the solvent mixture and dilute to
20 mL with the solventmixture'.
Reference sdiuion (d) Dissolve 10 mg of the substance to be
examinedin 10 mL of the solvent mixture, add 1 mLof
reference solution (c) and dilute to 20 mL with me solvent
mixture.
Column:
- size: 1= 0.25 m, 0 = 4.0 rnrn;
- "a'",nary phase: polarend-capped oaade<ylsilyl silica gelfor

chromawgraphy R (5 pm),

Mobile phase:
- mobile phase A: 1.36 gIL solution of potassium dih}'drogen

phosphate R previously adjusted to pH 3.0 with phosphoric
add R;

- mobile phase B: acetonitrile R;

Tbne Mobile phase A Mobile phase B
(min) (per cent YM (percent V/I1

0-. '00 0

9 - 15 100 -+ 50 0-+50

15 - 25 50 -+ 20 50 -+ 80

25 - 30 20 80

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 265 nm.
Injection 20 ~ of the test solution and reference
solutions (a), (b) and (d).

IdentificauOn 0/impurities Use the chromatogram obtained
with reference solution (b) to identify the peaksdue to
impurities A, Band D; use the chromatogram obtained with
reference solution (d) to identify the peaksdue to impurities
E, I, K and L.
Relative retention With reference to phloroglucinol (retention
time = about 12 min): impurity E = about 0.7;
impurity A =about 0.9; impurity D =about 1.3;
impurity B =about 1.35; impurity K =about 1.5;
impurity I = about 1.8; impurity L = about 2.0.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity A and phloroglucinol; minimwn 4.0 betweenthe
peaks due to impurities D and B.

Limits:
- correction factors: for the calculation of content, multiply

the peakareas of the following impurities by the
corresponding correctionfactor: impurity A = 0.6j
impurity D =0.2; impurity E =0.7; impurity I =0.6;
impurity K = 0.6; impurity L = 0.4:

2022

- impurities AJ D, E, 1, K, L: for each impurity, not more
than 1,5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified impuriues: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- tOtal: not more than3 times the area of the principal peak
in the chromatogram obtained withreference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 25 mL of solution S (0 15 mL with water R.

Sulfates (2.4.13)
Maximum 500 ppm.

Dilute 3 mL of solution S to 15 mL with distilled waterR.

L08S on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.500 g in 50 mL of water R. Titrate with 1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).
I mL of 1 M sodium hydroxide is equivalent to 63.05 mg
ofC.H.O,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities AJ D, E, I, K" L.
Other delectable impurities (the following substances fWldd, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by the general aaeptance
criterion forother/unspecified impuniies. It is therefore not
necessary to identify these impun·£ies for demonstration of
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) B, O.

A. benzene-I,2,3-triol (pyrogallol),

B. benzene-Lj-diol (resorcinol),

OH

b?"" I
I "" OH

HO # OH

D. 2,3 'A)5 ')6-biphenylpentol (phloroglucide),
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2022 Phloroglucinol Dihydrate II-615

L. 3,5-dichloroaniline,

E. benzene-l,2,4-triol,

Preparation Previously dry the substance to be examinedin
an oven at 105 "C.

Comparison anhydrous phloroglucinol CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve0.20 g of the substance to be
examined in mahand R and dilute to 10 mL with the same
solvent.
Reference solUl;"n Dissolve 0.20 g of anhydrous
phloroglucinol CRS in methanol R and dilute to 10 mL with
the same solvent.
Plate TLC silica gelFm plate R.

lWobile phase anhydrous formic acidR, hexaneR, ethyl
acetate R (2:37.5:62.5 VIV/V).

Applicat;"n I0 ~L.

Development Over 2/3 of the plate.

Detection Examine in ultraviolet lightat 254 nm.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.
C. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 2.50 g in ethanol (96 pet' cenV R and dilute to
25 mL with the same solvent.

Appearance of solution
Solution S is clear(2.2.1) and not more intensely coloured
than reference solution BY5 (2.2.2, Method 11) .
pH (2.2.3)
4.0 to 6.0.

Dilute 10 mL of solution S to 100 mL with carbon dioxide­
free water R.

Related substances
Liquid chromatography (2.2.29). Prepare the solut;,,",
immediately before use andpratea from lighl.
Solventmixture Mobile phase B, mobile
phase A (10:90 VIV).

Test sofutUm Dissolve 50.0 mg of the substance to he
examined in the solventmixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference soltuion (b) Dissolve 6 mg each of momnol R
(impurity B), phloroglucide R (impurity D) and pyrogallol R
(impurity A) in 10 mL of the solvent mixture, add 2 mL of
the test solution and dilute to 20 mL with the solvent
mixture. Dilute 1 mL of this solution 10 50 mL with the
solvent mixture.
Reference solution (c) Dissolve 4 mg each of benzene-l~2,4­

triol R (impurity E), 2,6-dich/orophenol R (impurity I),
4-<hlororesomnol R (impurity K) and 3,5-<1i<hloroaniline R
(impurity L) in 10 mL of the solvent mixture and dilute 10

20 mL with the solvent mixture.
Reference solution (d) Dissolve 10 mg of the substance to be
examined in 10 mL of the solventmixture, add 1 mL of
reference solution (c) and dilute to 20 mL with the solvent
mixture.
Column:
- size: 1= 0.25 m, 0 =4.0 mm;

6099-9Q..7

• 2 H;zO

162.1

;:
HO~OH

(Ph. Eur. monograph 2302)

CJI.O,,2H,O

Action and use
Antispasmodic.

Phloroglucinol Dihydrate

PI>'<r ~ _

O. 4,6-dichlorobenzene-I,3-diol (4,6-dicWororesoccmol).

C'0. yOH
CI

f
CI~CI

K. 4-chlorobenzene-l,3-diol (q-chlororesorcinol),

~yOH
CI

____________________ PI>,<r

I. 2,6-dichlorophenol,

OH

CI~C<

U

DEFINITION
Benzene-l,3,S-triol dihydrate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite powder.

Solubility
Sparingly soluble in water, freely soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).
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II-616 Phloroglucinol Dihydrate

- stationary phase: polarend-capped octadecylsiiyl silica gelfor
chromatography R (5 urn).

Mobil. phase:
- mobil.phase A: 1.36 gIL solution of potassium dihydrogen

phosphate R previously adjusted to pH 3.0 with phosphoric
acidRj

- mobile phaseB: acetonitrile Rj

Time Moblle phase A MobUe phase B
(min) (per cent VIJI) (per cent VIJ?

0-' 100 0
9 - 15 100 ---> 50 0 ...... 50

15 - 25 50 ---> 20 50 ...... 80

25 - 30 20 80

Flow rate 1.0 mIlrnin.
Detection Spectrophotometer at 265 nm.

Injection 20 J1L of the test solution and reference
solutions (a), (b) and (d).

Identification of impurities Use me chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A, Band D; use me chromatogram obtained with
reference solution (d) to identify the peaks due to
impurities E, I, K and L.

Relative retention With reference to phloroglucinol (retention
time = about 12 min): impurity E =about 0.7;
impurity A =about 0.9; impurity D =about 1.3;
impurity B = about 1.35; impurity K = about 1.5;
impurity I =about 1.8; impurity L =about 2.0.

System suitaln7ity Reference' solution (b):
- resohuum: minirnwn 2.5 between the peaks due to

impurity A and phloroglucinol; minimum 4.0 between the
peaks due to impurities D and B.

Limits:
- COITeClWtl faaors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A =0.6;
impurity D =0.2; impurity B =0.7; impurity I =0.6;
impurity K =0.6; impurity L =0.4;

- impurities A, D, E, I, K, L: for each impurity, not more
than 1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent),

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent),

Chlorides (2. 4.4)
Maximum 200 ppm.

Dilute 2.5 mL of solution S 10 15 mL with wain' R.

Sulfates (2.4.13)
Maximum 500 ppm.

Dilute 3 mL of solution S to 15 mL with distilkd wour R.

Loss on drying (2.2.32)
20.0 per cent to 23.0 per cent, determined on l.000 g by
drying in an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on l.0 g.

2022

ASSAY
Dissolve 0.600 g in 50 mL of wain' R. Titrate with 1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

I mL of 1 M 'odium hydroxide is equivalent to 63.05 mg
ofC.H.O,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, D, E, I, K, L.
Other cktectable impurities (the folloo:ing sub'tanct'S would, if
present at a sufficiem level, bedetected by oneor otherof the tests
in the monograph. They an:' limited by thegeneral acceptance
cn"tenon for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not neussaryto identify these impurities for
demonstration of compliance. See also 5.10. Control of impumies
in substances for phannaceutical use) B, o.

OH

~OH
U OH

A. benzene-I,2,3-triol (pyrogallol),

B. benzene-Lf-dlol (resorcinol),

OH

~
H ,p-

I '" OH

HO OH

D. 2J3'J4,5/,6-biphenylpentol (phloroglucide),

OH

~OH

Y
OH

E. benzene-l,2,4-trioIJ

OH

CI~Cl

U
I. 2,6-d.ichlorophenol,

~
yOH

CI

K. 4-chlorobenzene-I,3-d.iol (d-chlororesorcinol),
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2022 Pholcodine 11-617

PhE" _

___________________ PhE"

0.02 AI phosphate buffer solution To 80.0 mL of 0.2 M
sodium hydroxide add 100.0 mL of 0.2 M potassium dihydrogen
phosphate R and dilute to 1.0 L with waterR.
Solventmixture Dilute 80 mL of acetonitrile R to 1 L with
the 0.02 M phosphate buffer solution.

Test solution Dissolve 50 mg of the substance to be
examined in the solvent mixture and dilute to 50 mL with
the solvent mixture.

Reference solution (a) Dissolve 10 mg of codeine R
(impurity B) in the solvent mixture and dilute to 10 mL with
the solvent mixture. To 0.5 mL of this solution add 0.5 mL
of the test solution and dilute to SO mL with the solvent
mixture.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (c) Dissolve 5 mg of pholcodine for peak
identification CRS (containing impurities A, B and D) in the
solvent mixture and dilute to 5 mL with the solvent mixture.

Reference solutien (d) Dissolve 5 mg of pholcodine for
impurity G identification CRS in the solvent mixture and
dilute to 5 mL with the solvent mixture.

Column:
- size: 1=0.075 ID, 0 =4.6 nun;
- stationary phase: end-capped solid core phenylkexy/silyl silica

gelfor chromatography R (2.6 pm);
- temperature: 35 "C.

Mobile phase To 50 mL of tetrahydro/uran for
chromatography R add 75 mL of acetonitrile R and dilute to
1000 rnL with the 0.02 M phosphate buffer solution; adjust
to pH 7.9 ± 0.05 with 0.2 M sodium hydroxide; the pH must
not exceed 8.0.

F/qI)) rate 1.0 mllmin.

Detection Spectrophotometer at 238 nm.

Inje<tion 20 flL.
Run time 5 times the retention time of pholcodine.

ldentification of impun"ties Use the chromatogram supplied
with phokodine for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, Band Dj use the
chromatogram obtained with reference solution (d) to
identify the peak due to impurity G.

Relative retention With reference to pho1codine (retention
time = about 10 min): impurity A = about 0.4;
impurity B ;:;; about 0.8j impurity D ;:;; about 2.3j
impurity G =about 4.2.

Systemsuitability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurity Band pholcodine.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity G by 0.5;
- impurities A, B~ D: for each impurity, not more than twice

the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- impun"ty G: not more than 1"5 times the area of the
principal peak ln. me chromatogram obtained with
ceference solution (b) (0.15 per cent);

- unspecified impuniies: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

**** ** ** ****

6254-99-5416.5

Pholcodine

(Ph. Eur. monograph 0522)

Pholcodine Monohydrate

Action and use
Opiold receptor agonist; cough suppressant.

Preparations
Pholcodine Linctus

Strong Pholcodine Linctus

DEFINlTION
17-Methyl-3-[2-(morpholin-4-yl)ethoxy]-7,8-didehydro-4,5<t­
epoxymorphinan-6a-ol monohydrate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Sparingly soluble in water, freely soluble in acetone and in
ethanol (96 per cent). It dissolves in dilute mineral acids.

IDENTlFlCATION
Infrared absorption spectrophotometry (2.2.24).

Comparison pho/wdine CRS.

TESTS
Specific optical rotation (2.2.7)
-98 to -94 (dried substance).

Dissolve 1.000 g in ethanol (96 percenu R and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

O. 4,6-dicWorobenzene-l,3-diol (4,6-dichlororesorcinol).

~.i.-,
L. 3,5-d.ichloroani.line,

www.webofpharma.com



II-618 Phosphoric Acid

- weal: not more than 7 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.7 per cent);

- disregard limit: 0.5 times the areaof the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
3.9 per cent 10 4.5 per cent, determined on 0.500 g by
drying in an oven at 105 "C.

Sulfated ash (2.4. I4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.180 g in 50 mL of anhydrous acetic acid R,
warming gently. Titratewith 0.1 ""1 perchlon'c acid,
determining the end-point potentiometrically (2.2.20).
1 mL of 0.1 M perch/one acid is equivalent to 19.93 mg
of C2,H,oN20•.

IMPURITIES
Specified impuniies A, B, D, G.

Other deteaabie impun"'ies (thefollowing substances would, if
present at a sufficient level, be deteaed by oneor other of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for otherlunspe4fied impun"ties and/or by thegeneral
monograph Substances for pharmaceutical us, (2034). It is
therefore not necessary to identify these impurities for
demonstration ofcompliance. See also 5.10. Control of impun"ties
in substances for pharmaceutical use) C, E, F"

...CH3
, H N

HOQj~"H OH

A. 17-methyl-7 ,8-<1idehydro-4,5~-epoxymorphinan-3,6tt-diol
(morphine),

B. 3-methoxy-17-methyl-7,8-didehydro-4,5~­
epoxymorphinan-6tt-ol (codeine),

2022

D. 17-methyl-3,6~-bis[2-(morpholin-4-yl)ethoxy]-7,8­
didehydro-q.Sc-epoxymorphinan,

E. 4-[2-[(6~-hydroxy-17-methyl-7,8-didehydro-4,5~­

epoxymorphinan-3-yl)oxy]ethyl]morpholine 4-oxide
(pholcodine N'-oxide),

and epimer at N'

F. (17RS)-6~-hydroxy-17-methyl-3-[2-( 4-oxidomorpholin-4­
ium-4-yl)ethoxy]-7,8-didehydro-4,5~-epoxymorphinan

l7-oxide (pholcodine N,N'-dioxide),

G. 17,17'-dimethyl-3,3'-bis[2-(morpholin-4-yl)ethoxy]­
7,7',8,,8/-tetradehydro-4

J5a:4 ',5 'u-dfepoxyblmorphinan­
6oc,6'ct-diol (pholcodine dimer).

____________________ PhE"

andeplmeral N'

C. (17RS)-6tt-hydroxy-17-methyl-3-[2-(morpholin-4-yl)
ethoxy]-7,8-didehydro-4,5~-epoxymorphinan 17-oxide
(pholcodine N-oxide),

Phosphoric Acid
(ConUnlTated Phosphoric Acid, Ph. Bur. monograph
0004)

H,PO. 98.0

Preparation
Phosphate Oral Solution

7664,38-2

PhE" _

DEFINillON
Content
84.0 per cent mlm to 90.0 per cent mlm.
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CHARACTERS
Appearance
Clear, colourless, syrupy liquid, corrosive.

Solubility
Miscible with water and with ethanol (96 per cent).

When stored at a low temperature it may solidify into a mass
of colourless crystals which do not melt at a temperature
below 28 'C.

Relative density
About 1.7.

IDENDFICATION
A. Dilute with waterR. The solution is strongly acid (2.2.4).

B. Solution S (see Tests) neutralised with dilute sodiwn
hydroxide solution R gives the reactions of phosphates (2.3.1).

TESTS
Solution S
Dilute 10.0 g to 150 mL with water R.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Metlwd II).

Substances precipitated with ammonia
To 10 mL of solution S add 8 mL of dilute ammonia RI.
Any opalescence in the solution is not more intense thanthat
in a mixtureof 10 mL of solution Sand 8 mL of waterR.

Hypophosphorous acid and phosphorous acid
To 5 mL of solution S add 2 mL of silvernitrate solution R2
and heat on a water-bath for 5 min. The solutionshows no
change in appearance.

Chlorides (2.4.4)
Maximum 50 ppm, determined on solution S.

Sulfates (2.4.13)
Maximum 100 ppm.

Dilute 1.5 g to 15 mL with d~tiUed waterR.

Iron (2.4.9)
Maximum 50 ppm.

Dilute 3 mL of solution S to 10 mL with walerR.

Phthalylsulfathiazole II-619

B. Solution S (see Tests), neutralised with dilute sodium
hydroxide solution RJ gives the reactions of phosphates (2.3.1).

TESTS
Solution S
Dilute 86 g to 150 mL with water R.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Methad If).

Substances precipitated with ammonia
To 10 mL of solution S add 8 mL of dilute ammonia Rl.
Any opalescence in the solutionis not more intense than that
in a mixture of 10 mL of solutionSand 8 mL of water R.

Hypophosphorous acid and phosphorous acid
To 5 mL of solutionS add 2 mL of silvernitrate solution R2
and heat on a water-bath for 5 min. The solution shows no
change in appearance.

Chlorides (2.4.4)
Maximwn 6 ppm, determined on solution S.

Sulfates (2.4.13)
Maximum 10 ppm, determined on the preparation to be
examined.

Iron (2.4.9)
Maximum 6 ppm.

DiJute 3 mL of solution S to 10 mL with water R.

ASSAY
Dilute 4.30 g in 30 mL of water R. Titratewith 1 M sodium
hydroxide, determining the end-point potentiometrically
(2.2.20). Read the volume added at the 2nd inflexion point.
I mL of 1 M sodium hydroxide is equivalent to 49.00 mg
ofH3PO•.
____________________ PhE,;

Phthalylsulfathiazole
(ph. Eur. managraph 0352)

ASSAY
Dilute 0.500 g in 30 mL of waterR. Titrate with 1 M sadium
hydroxide, detennining the end-point potentiometricaUy
(2.2.20). Read the volume added at the 2nd inflexion point.

1 mL of 1 M sodium hydroxide is equivalent to 49.00 rng
ofH3PO•.

STORAGE
In a glasscontainer.
____________________ PhE,;

403.4

Action and use
Antibacterial.

85-73-4

Dilute Phosphoric Acid
(ph. Eur. manograph 0005)

PhE,; _

DEFINITION
Content
9.5 per cent mlm to 10.5 per cent mlm ofH3PO. (M,98.0).

PREPARATION
To 885 g of waterR add 115 g of concentrated phosphoric
acid and mix.

IDENDFICATION
A. It is strongly acid (2.2.4).

PhE,; _

DEFINITION
2-[[4-(Thiazol-2-ylsulfarnoyl)phenyl]carbamoyl]benzoic acid.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white, crystalline powder.

SolubIlity
Practically insoluble in water, freely soluble in
dimethylformamide, slightly soluble in acetone and in ethanol
(96 per cent).
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11-620 Physostigmine Salicylate 2022

_____________________ PhE"

PhE" _

57-64-7

**** ** ** ****

(XI Co.H

'" OH

413.5

(Ph. Eur. monograph 0286)

Physostigmine Salicylate

Action and use
Cholinesterase inhibitor.

using 0.2 mL of thymolphthalein solution R as indicator. Carry
OUt a blank titration.

1 mL of 0.1 iH sodium hydroxide is equivalent to 20.17 mg of
C17HuN30jS2'

STORAGE
Protected from light.

DEFINITION
Physostigmine salicylate contains not less than 98.5 per cent
and not more than the equivalent of 101.0 per cent of
(3aS,SaR)-1,2,3,3a,S,Sa-hexahydro-1,3a,S-trimethylpyrrolo
[2,3-b]indol-5-yl methylcarbamate salicylate, calculated with
reference to the dried substance.

CHARACTERS
Colourless or almost colourless crystals, sparingly soluble in
water, soluble in alcohol. The crystals gradually become red
when exposed to air and light; the colour develops more
quickly when the crystals are also exposed [0 moisture.
Aqueous solutions are unstable.

It melts at about 182 °C, with decomposition.

IDENTIFICATION
First identification: A, B.
Secondidentification: B, C, D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
physostigmitle salicylate CRS.

B. Examine the chromatograms obtained in the test for
related substances. The principal spot in the chromatogram
obtained with test solution (b) is similar in position, colour
and size to the principal spot in the chromatogram obtained
with reference solution (a). .

C. Heat about 10 mg in a porcelain dish with a few drops of
dilute ammonia Rl, An orange colour develops. Evaporate the
solution to dryness. The residue dissolves in akohol R giving
a blue solution. Add 0.1 mL of glacial acetic acidR.
The colour becomes violet. Dilute with waler R. An intense
red fluorescence appears.

D. Solution S (see Tests) gives reaction (a) of salicylates
(2.3.1).

TESTS
Solution S
Dissolve 0.900 g, without heating, in 95 mL of carbon
dioxide-free waterR prepared from distilled waterR and dilute
to 100.0 mL with the same solvent. Prepare immediately
before use.

IDENTIFICATION
First identification: A, B, E.

Second identification: B, G, D, E.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison phthalylsu/jathiazole CRS.

B. To I g add S.5 mL of dilutesodium hydroxide tdution R
and boil under a reflux condenser for 30 min. Cool and add
17.5 mL of dilute hydrochloric acid R. Shake vigorously and
filter. Neutralise the filtrate with dilute sodium hydroxide
solution R. Filter, wash the precipitate with waterR,
recrystallise from waterR and dry the crystals at 100-105 °C.
The crystals melt (2.2.14) at 200 °C to 203 °C.

C. To 0.1 g in a test-rube add 3 mL of dilutesu/juric acidR
and 0.5 g of zinc powder R. Fumes are evolved which
produce a black stain on lead acetate paperR.

D. To 0.1 g add 0.5 g of resordnol Rand 0.3 mL of su/juric
acid R and heat on a water-bath until a homogeneous
mixture is obtained. Allow to cool. Add 5 mL of dilute sodium
hydroxide solution R. Dilute 0.1 mL of this brownish-red
mixture to 25 mL with waler R. An intense green
fluorescence appears which disappears on acidification.

E. Dissolve about 10 mg of the crystals obtained in
identification test B in 200 mL of O. 1 M hydrochloric acid.
2 mL of the solution gives the reaction of primary aromatic
amines (2.3.1) with formation of an orange precipitate.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BYs,(2.2.2, Method Il).

Dissolve 1.0 g in 1 M sodium hydroxide and dilute to 20 mL
with the same solvent.

Acidity
To 2.0 g add 20 rnL of water RJ shake continuously for
30 min and filter. To 10 mL of the filtrate add 0.1 mL of
phenolphthalein solutiau R. Not more than 0.2 mL of 0.1 M
sodium hydroxide is required to change the colour of the
indicator.

Sulfathiazole and other primary aromatic amlnes
Maximwn 2.0 per cent.

Dissolve 5 mg In a mixture of 3.5 mL of water R, 6 mL of
dilute hydrochloric acid Rand 25 mL of ethanol (96 per ceuQ R,
previously cooled to 15 °C. Place immediately in iced water
and add 1 mL of a 2.5 gIL solution of sodium nitrite R. Allow
to stand for 3 min, add 2.5 mL of a 40 gIL solution of
suI/amic acid R and allow to stand for 5 min. Add I mL of a
4 gIL solution of tlaphthylethyleuediamitle dihydrochloride Rand
dilute to 50 mL with waterR. Measured at 550 nm, the
absorbance (2.2.25) is not greater than that of a standard
prepared at the same time and in the same manner using a
mixture of 1 mL of a 100 mL aqueous solution containing
10 mg of sulfathiazole R and 0.5 mL of hydrochloric acid R;
2.5 mL of waterR; 6 mL of dilute hydrochloric acidR; and
25 mL of ethatlol (96 percetlQ R.

Loss on drying (2.2.32)
Maximum 2 per cent, determined on 1.00 g by drying in an
oven at 105 °C.

Sulfated ash (2.4.1 if)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 40 mL of dimelhy/jormamide R. Titrate
with 0.1 JH sodium hydroxide until the colour becomes blue.
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DEFINITION
Mixture of 2-methyl-3-[(2E,7RS,IIRS)-3,7,11,15­
tetramethylhexadec-2-en-I-yl]naphthalene-I,4-dione (trans­
phytomenadione isomers) and 2-methyl-3-[(2Z,7RS,IIRS)­
3,7, II,15-tetramethylhexadec-2-en-I-yl]naphthalene-I,4­
dione (cis-phytomenadione isomers).

Content
- trans-phytomenadione isomers: minimum 85.0 per cent;
- sum of trans-phytomenadione and cis-phytomenadione

isomers: 97.0 per cent [Q 103.0 per cent.

CHARACTERS
Appearance
Clear, intense yellow, viscous, oily liquid.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent), miscible with fatty oils.

It decomposes on exposure to actinic light.

Refractive index
About 1.526.

IDENTIFICATION
Prepare the solutions immediately before useand proteafrom light.

A. Optical rotation (see Tests).

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution (a) Dissolve 10.0 mg of the substance to be
examined in m·melhylpentane R and dilute to 100.0 mL with
the same solvent.
Testsolution (b) Dilute 10.0 mL of test solution (a) to
50.0 mL with tn'm,thylpentan,R.

Spectral range 275-340 urn for test solution (a); 230-280 nm
for test solution (b).

Absorption maxima 327 nm for test solution (a); 243 nm,
249 om, 261 urn and 270 om for test solution (b).

Absorption minimum 285 om for test solution (a).

Specific absorbance at the absorption maximum at 327 nm
67 to 73 for test solution (a).

C. Examine the chromatograms obtained in the assay.

(Racemic Phytomenadione, Ph. Bur. monograph 3011)

**** ** ** ****

aM
enantioroor

CH,

CH,

R1 R2 Molecular forroola u,

450.7

R H ~,H~~ 450.7

H R C31H~02 450.7

R=«C
o

CH,

trans isomers

cis isomers

Phytomenadione

Rl

R2

Phytomenadione

Action and use
Vitamin K analogue.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method If).

pH (2.2.3)
The pH of solution S is 5.1 to 5.9.

Specific optical rotation (2.2.7)
-90 [Q ~94, determined on solution S and calculated with
reference to the dried substance.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GRas, the coating substance.

Test so/Ulum (a) Dissolve 0.2 g of the substance to be
examined in at(ohol R and dilute to 10 mL with the same
solvent.
Test solution (b) Dilute 2.5 mL of test solution (a) '0 50 mL
with akohol R.

Reference solution (a) Dissolve 10 mg of physostigmine
salicylate CRS in alcohol R and dilute to 10 mL with the same
solvent.

Reference solution (b) Dilute 2 mL of reference solution (a)
to 20 mL with akohol R.

Apply to the plate 20 JlL of each solution. Develop over a
path of 15 em using a mixture of 2 volumes of concentrated
ammonia R, 23 volumes of 2-propanol Rand 100 volumes of
cydohexane R. DIY the plate in a current of cold air and carry
out a second development in me same direction. Allow the
plate to dry in air and spray with freshly prepared potassium
iodobissmuhtue solution R and then with dilute hydrogen peroxide
solution R. Examine the plate within 2 min, Any spot in the
chromatogram obtained with test solution (a), apart from the
principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (b)
(0.5 per cent).

Eseridlne
To 5 mL of solution S add a few crystals of potassium
iodate R, 0.05 mL of dilute hydrochloric acidRand 2 mL of
chloroform R. Shake. No violet colour develops in the
chloroform layer within 1 min.

Sulfates (2.4.13)
15 mL of solution S complies with the limit test for sulfates
(0.1 per cent).

Loss on drying (2.2.32)
Not more than 1.0 per cent, determined on 1.00 g by drying
in an oven at 105°C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent) determined on the residue
obtained in the test for loss on drying.

ASSAY
Dissolve 0.350 g in 50 mL of a mixture of equal volumes of
anhydrous acetic acid Rand chlorofonn R. Titrate with 0.1 M
perchloric add determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 41.35 mg of
C22H21N305.

STORAGE
Store in an airtight container, protected from light.
_____________________ PhE<r
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Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (d).

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 2.5 gin ttimethylpmtane R and dilute to 25 mL with
the same solvent

Optical rotation (2.2.7)
-0.05° to + 0.05°, measured at 25 DC.

Dissolve 0.25 g in dioxan R and dilute to 25.0 mL with the
same solvent.

Acid value (2.5.1)
Maximum 2.0, determined on 2.00 g.

Impurity A
Thin-layer chromatography (2.2.27). Prepare the solutions
immediately before useand protect from light.

Test solution Dissolve 0.40 g of the substance to be
examined in cyclohexane R and dilute to 10.0 mL with the
same solvent.

Reference. solution Dissolve 4.0 mg of menadione R
(impurity A) in cyctohexane R and dilute to 50.0 mL with the
same solvent.

Pia" TLC silica gelF254 pia" R.
Mobile phase cyclohexane R, toluene R (20:80 VW).

Applicatio" I0 ~L.

Deudopmenc Over 314 of the plate.

Drying In air for 5 min.

Detection Examine in ultraviolet light at 254 run.

ReJat1ve retention Wilh reference to racemic trans­
phytomenadione (Rp = about 0.5): impurity A = about 0.4.

Limit:
- impurity A: any spot due to impurity A is not more

intense than the spot in the chromatogram obtained with
the reference solution (0.2 per cent).

Related substances
Liquid chtomatography (2.2.29). Prepare the solutions
immediately before useand protect /rom light.

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase. Dilute 1.0 mL of the solution to 25.0 mL
with the mobile phase.

Reference solutio" (a) Dissolve 20.0 mg of
phytomenamone CRS in the mobile phase and dilute to
10.0 mL with the mobile phase.

Reference solution (b) Dissolve the contents of a vial of lTans­
epoxyphyromenadiorle CRS (impurity B) in I mL of the mobile
phase. Add 0.4 mL of the solution to 5 mL of reference
solution (a) and dilute to 100 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solutio" (d) Dilute 1.0 mL of reference solution (a)
to 25.0 mL with the mobile phase.

Column:
- size: I = 0.25 ill, (2) ::: 4.6 nun;
- stationary phase: spherical silica gelfor chromategraphy R

(5 !UD).

Mobile phase oaanol R, di-isopropyl ether R, heptane R
(1:3.3:1000 VIVIV).

2022

Flow Tate 0.8 mUmin.

Delation Spectrophotometer at 254 run.
Equilibration With the mobile phase for at least 24 h.

Injection 50 ~L of the test solution and reference
solutions (b) and (e).

Ru" time 1.6 times the retention time of trans­
phytomenadione isomers.

Relativeretention With reference to trans-phytomenadione
isomers (retention time:::: about 27 min):
impurity B :::about 0.6; ce-phytomenadione
isomers = about 0.65.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity Band ci5-phytomenadione isomers; minimum
4.0 between the peaks due to cis-phytomenadione isomers
and trans-phytomenadione isomers.

Calculation of percentage conunts:
- for each impurity) use the concentration of trans­

phytomenadione isomers in reference solution (c), taking
into aCCO\Ult their content as determined in the assay.

Limits:
- ;mpun'ty B: maximwn 0.2 per cent;
- unspecified impuruies: for each impurity, maximum

0.15 per cent;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

The thresholds indicated under Related substances
(fable 2034.-1) in the general monograph Substances for
pharmaceurical use (2014) do not apply.

Sulfated ash (2.4.If)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Injection Test solution and reference solution (d).

System suitability Reference solution (d):
- repeatability: maximum relative standard deviation of

1.0 per cent for the peak due to tram-phytomenadione
isomers, determined on 6 injections.

Calculate the percentage contents of trans-phytomenadione
isomers and cis-phytomenadione isomers taking into account
the assigned content of phytomenaJione CRS.

STORAGE
Protecred from light.

IMPURITIES
Specified impurities A, B.

ooqCH3

: I
~

o

A. 2-methylnaphthalene-l,4-dione (menadione),
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o

PhEIK _

Saponification value (2.5.6)
Maximum 1.0.

Carry out the test using 2.50 g of the substance to be
examined, 0.1 M alcoholic potassium hydroxide,
0.1 M hydrochloric acid, and a factor of 5.61 (instead of
28.05).

Other sterols
Examine the chromatogram obtained with the test solution in
the assay (Figure 1911.-1).

Composition of the other sterols:
- cholesterol: maximum 0.5 per cent;
- brassicasterol: maximum 0.5 per cent;
- campeuerd: maximum 15.0 per cent;
- campestand: maximwn 5.0 per cent;
- stigmasterol: maximum 5.0 per cent;
- sitostanol: maximum 15.0 per cent;
- LJ7-stigmascenol: maximum 5.0 per cent.

CH,

**** ** ** ****

CH,

aod
enanliomer

o

(Ph. Eur. monograph 1911)

Phytosterol

B. (la3,7a3)-ia-methyl-7a-[(2E,7RS, I IRS)-3,7,1 1,15­
tetramethylhexadec-2-en-I-yl]-1 a,7a-dihydronaphtho[2,3­
b]oxirene-2,7-dione (lrans-epoxyphytomenadione isomers).

_____________________ PI> ElK

6

7

Figure 1911.-1. - Chromatogram for the assayof phytosterol
(rrimethylsjlyl derivatives)

8,

3

5. stigmasterol
6. ll-sitosterol
7. siloslanoI
8. d7-stigmastenol

I. cholesterol
2. brasskasterol
3. campesterol
4. campestanol

-

Loss on drying (2.2.32)
Maximum 4.0 per cent, detennined on 0.250 g by drying in
an oven at 105 °C for 2 h.

Total ash (2.4.16)
Maximum 0.5 per cent, determined .on 1.0 g.

ASSAY
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution Dissolve 0.100 g in tetrahydrofuran R and dilute
to 10.0 mL with the same solvent. Introduce 100 J.lL of this
solution into a 3 mL flask and evaporate to dryness under
nitrogen R. Add 100 ~L of a freshlyprepared mixture of
50 ~L of l-methylimidazole Rand 1.0 mL of heptaflltorcrN-

DEFINITION
Natural mixture of sterols obtained from plants of the genera
Hypoxis, Pinus and Picea.

Content
Minimum 70.0 per cent of p-sitosterol (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, soluble in tetrahydrofuran,
sparingly soluble in ethyl acetate.

IDENTIFICATION .
A. Mix I mL of acetic anhydride R with 0.5 mL of solution S
(see Tests). After the addition of 0.1 mL of sldf"';,; acid R a
red colour is produced, which changes rapidly to violet, then
to blue and finally to green.

B. Examine the cbromatograms obtained in the assay.

Results The principal peak in me chromatogram obtained
with the test solution is similar in retention time (Q the peak
in the chromatogram obtained with reference solution (b).

TESTS
Solution S
Dissolve 1.0 g in letrahydrofuran R and dilute to 20 mL with
the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2J Mltthod II).

Acidity or alkalinity
Shake 0.20 g with a mixture of 4.0 mL of ethylacetate Rand
10.0 mL of carbon dioxide-free waterR for 3 min. Allow the
layers to separate. To the aqueous layer add 0.1 mL of
bromothymol blue solution R1. If the solution is yellow, not
more than 0.5 mL of 0.01 M sodium hydroxide is required to
change the colour to blue. If the solution is blue, not more
than 0.5 mL of 0.01 M hydrochloric acidis required to change
the colour to yellow.

Specific optical rotation (2.2.7)
-28.0 to -15.0 (dried substance).

Dissolve 0.500 g in ethylacetate R and dilute to 10.0 mL
with the same solvent.

Acid value (2.5.1)
Maximum 1.0, determined on 2.0 g.

Peroxide value (2.5.5)
Maximum 10.0.
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II-624 Picotamide Monohydrate

melhyl-N-(m'mechylsiIyQblllanamide R, close the flask tightly
and heat [0 100 °C for 15 min. Allow to cool.

Reference solution (a) Dissolve 2S mg of P-silosterol Rand
25 mg of sisostanol R in tetrahydrofuran R and dilute to
10.0 mL with the same solvent. Introduce 100 ilL of chis
solution into a 3 mL flask and evaporate to dryness under
mirogmR. Add 100 ~L of a freshly prepared mixture of
50 ~L of I-methylimidazole Rand 1.0 mL of heptajluoro-N­
methyl-N-{trimethylsiIyQbutanamide R. Close the flask tightly
and heat to 100°C for 15 min. Allow to cool.

Reference solution (b) Dissolve 0.100 g of P-sitosterol R in
tetrahydrofuratl R and dilute to 10.0 mL with the same
solvent. Introduce 100 ilL of this solution into a 3 mL flask
and evaporate to dryness under nitrogen R. Add 100 ilL of a
freshly prepared mixture of 50 ~L of I-methylimidazole R and
1.0 mL of heptajluoro-N-methyl-N-(trimelhylsiIyQbutanamide R.
Close the flask tightly and heat to 100 "C for 15 min. Allow
to cool.

Column:
- material: quartz;
- size: 1= 25 m, 0 ;;;; 0.3 rnm;
- stationary phase: viny/(l)phenyl(5)mechy/(94)poIysiloxane R

(I pm).

Carrier gas hydrogen far chromolOgraphy R.
Flow rate 2 mUmin.

Split ratio 1:20.

Temperature:
- column: 280°C;
- injutionpon and detector: 300 "C.

Detection Flame ionisation",
Injection 1 JlL.

Relativeretentions With reference to j3-sitosterol (retention
time =about 16 min): cholesterol =about 0.7;
brasslcasterol = about 0.77; campesrerol =about 0.84;
campestanol = about 0.86; stigmasterol = about 0.9;
sitostancl = about 1.02; A7-stigmastenol = about 1.1.

System suitability Reference solution (a):
- resolution: minimum 1.0 between the peaks due to

fl-sitosterol and sitostanol,

STORAGE
In an airtight container, protected from light.
_____________________ PhE<8

Picotamide Monohydrate
(ph. Bur. monograph 1358)

• 1<,0

394.4

Action and use
Thromboxane Synthetase inhibitor; thromhoxane receptor
antagonist; antiplatelet agent.

PhE" _

DEFINmON
Picotamide monohydrate contains not less than 98.0 per cent
and not more than 101.0 per cent of 4-methoxy-N,N'-bis

2022

(pyridin-3-ylmethyl)benzene-l,3-dicarboxamide, calculated
with reference to the anhydrous substance.

CHARACTERS
A white or almost white) crystalline powder) slightly soluble
in water) soluble in ethanol and in methylene chloride.
It dissolves in dilute mineral acids.

It shows polymorphism (5.9).

IDENTIFICATION
Examine by infrared spectrophotometry (2.2.24)) comparing
with the spectrum obtained. with pU:oramide monohydrate CRS.
If the spectra obtained in me solid state shows differences,
dissolve the substance to be examined and the reference
substance separately in acelO"e R) evaporate to dryness and
record new spectra using the residues.

TESTS
Appearance of solution
Dissolve 2.5 g in methanol R and dilute to 50 mL with the
same solvent. The solution is clear (2.2.1) and not more
intensely coloured than reference solution Y6(2.2.2,
Method11).

Related substances
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelF254 place R.
Test solution Dissolve 0.5 g of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.

Reference solution (a) Dilute 1 mL of the test solution to
10 mL with methanol R. Dilute 1 mL of the solution to
20 mL with methanol R.
Reference solution (b) Dilute 5 mL of reference solution (a)
to 10 mL with methanol R.
Reference solution (c) Dissolve 0.5 g of the substance to be
examined and 5 mg ofpicotamide impurity A CRS in
methanol R and dilute to 10 mL with the same solvent.

Apply to the plate 5 J.lL of each solution. Develop over a
path of J5 em using a mixture 0.8 volumes of glacial acetic
acidR) 1 volume of waterR) 2.5 volumes of methanol Rand
8 volumes of butanol R. AUow the plate to dry in air and
examine in ultraviolet light at 254 run. Any spot in the
chromatogram obtained with the test solution, apart from the
principal spot) is not more intense than the principal spot in
the chromatogram obtained with reference solution (a)
(0.5 per cent) and not more than one such spot is more
intense than the spot in the chromatogram obtained with
reference solution (b) (0.25 per cent). The test is not valid
unless the chromatogram obtained with reference solution (c)
shows two clearly separated principal spots.

Chlorides (2.4.4)
Dissolve 0.25 g in a mixture of 2.5 mL of dilute nime acidR
and J2.5 mL of waterR. The solution complies with the
limit test for chlorides (200 ppm) .

Water (2.5.12)
4.5 per cent to 5.0 per cent, determined on 0.300 g by the
semi-micro determination of water.

Sulfated ash (2.4.14)
Not more than 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.150 g in a mixture of20 mL of anhydrous acetic
acidRand 20 mL of acetic anhydride R. Titrate with 0.1 M
perchloric acid) determining the end-point potentiometrically
(2.2.2U).

I mL of 0.1 !vI perchloric acid is equivalent to 18.82 mg of
C21H2oN<t9 J'
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IMPURITIES Second identification: C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pilocarpine hydrochloride CRS.
If the substances are examined as discs) prepare them using
potassium chloride R.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methanol R and dilute to 2 mL with the same
solvent.
Reference solution Dissolve 10 mg of pilocarpine
hydrochloride CRS in methanol R and dilute to 2 mL with the
same solvent.
Plare TLC silica gel plare R.
Alobile phase concentrated ammonia R, methanol R, methylene
chloride R (1:14:85 VIVIJI).

App/icalwn 2 ~L.

Development Overa path of 1S em.

Drying At 100-105 °C for 10 min, then allow to cool.
Detection Spraywith dilute potassium iodobismsuhate
solution R.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtainedwith the
reference solution.
D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 250 g in carbon dioxide-free water R and dilute to

50.0 mLwith the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intenselycoloured
thanreference solution Y7 (2.2.2, Method if).

pH (2.2.3)
3.5 to 4.5 for solution S.

Specific optical rotation (2.2.7)
+ 89 to + 93 (driedsubstance),determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent.
Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with water R. Dilute 2.0 mL of this solution to
20.0 mL with water R.

Reference solution (b) Dissolve 5.0 mg of pilocarpine nitrate for
system suitability CRS (containing impurity A) in waterRand
dilute to 50.0 mL with the same solvent.
Reference 'olution (c) To 5 mL of the test solution, add
0.1 mL of ammonia R and heat the solution on a water-bath
for 30 min, cool and dilute to 25 mLwith water R. Dilute
3 mL of this solution to 25 mL with warerR. Mainly
pilocarpic acid (impurity B) is formed.

Column:
- size: I =0.15 m, 0 =4.6 mm;
- stationary phase: octade<y/silyl S17i<a gelfor

chromawgraphy Rl (5 urn) with. pore size of 100m and
a carbon loading of 19 per cent

lHobile phase Mix 5S volumes of methanolR, 60 volumes of
acetonitrile R and 885 volumes of. 0.679 giL solution of

54-71-7

**** ** ** ****

HO

244.7

(Ph. Eur. monograph 0633)

Pilocarpine Hydrochloride

Action and use
Cholinoceptor agonist; treatment of glaucoma.

Preparation
Pilocarpine Hydrochloride Eye Drops

PhEu _

D. (pyridin-Seyljmethanamine.

C.4-methoxy-3-[[(pyridin-3-ylmethyl).mino]
carbonyl]benzoicacid,

___________________ PhE"

A. 4-methoxybenzene-l,3-dicarboxylic acid,

o

~r~~co,H
V U OCH3

DEFINITION
(3S,4R)- 3-Ethyl-4-[(l-methyl-lH-imid.zol-5-yl)
methyl]dihydrofuran-2(3H)-one hydrochloride.

Content
99.0 per cent to lOl.O per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powderor colourless
crystals, hygroscopic.

Solubility
Verysoluble in water and freely soluble in ethanol
(96 per cent).

mp
About 203 °C.

IDENTIFICATION
First identification: A, B, D.

B. 2-methoxy-5-[[(Pyridin-3-ylmethyl).mino]
carbonyl] benzoic acid,
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PIlE" ~_~_

**** ** ** ****

148-72-1271.3

Action and use
Cbohnoceptor agonist; treatment of glaucoma.

Preparation
Pilocarpine Nitrate Eye Drops

Pilocarpine Nitrate
(ph. Eur. monograph 0104)

____________________ PIIE"

C. (2R,3R)-2-ethyl-3-(hydroxymethyi)-4-(I-methyl-lH­
imidazol-5-yl)butanoic acid (isopilocarpic acid).

B. (2S,3R)-2-ethyl-3-(hydroxymethyl)-4-(I-methyl-lH­
imidazol-5-yl)butanoic acid (pilocarpic acid),

DEFINITION
(3S,4R)- 3-Ethyl-4-[(l-methyl-l H-imidazol-5-yl)
methyl]dihydrofuran-2(3H)-one nitrate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent).

It is sensitive to light.

mp
About 174 ~C, with decomposition.

IDENTIFICATION
First identification: A, B, D.

Second identification: C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pilocarpine nitrate CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in waterR and dilute to 10 mL with the same
solvent.

tetrabutylammonium dihydrogen phosphate R previously
adjusted to pH 7.7 with dilute ammonia R2.

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 20 ~L.

Run time Twice the retention time of pilocarpine.

Elution order Impurity B, impurity C, impurity A,
pilocarpine.

Retention time Pilocarplne > about 20 min.

Systtm suitability Reference solution (b):
- resolution: minimum J.6 between the peaks due (0

impurity A and pilocarpine.

Limits:
- impurityA: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (l per cent);

- sumof impurities A and B: not more than 3 times the area
of the principal peak In the chromatogram obtained with
reference solution (a) (1.5 per cent);

- sum of impurities otherthan A and B: not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.5 per cent);

- disregard limir. 0.4 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 per cent).

Iron (2.4.9)
Maximum 10 ppm, determined on solution S. Prepare the
standard using 5 mL of iron standard solution (1 ppm Fe) R
and 5 rnL of waterR.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 50 mL of ethallol (96 percell!! R and add
5 mL of 0.01 M hydrochloric acid. Titrate with 0.1 M sodium
hydroxide, determining the end-point potentiometrically
(2.2.20). Read the volume added between the 2 points of
inflexion.

I mL of 0.1 M sodium hydroxide is equivalent to 24.47 mg of
CIIH17C1N202.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B.

Otherdeuaable impurities (thefollowillg substallces would, if
present at a sufficient level, be detected by oneor otheroj the tests
in the monograph. They arelimitedby thegeneral alXeptance
criterion for other/unspecified impuniies and/or by thegeneral
monograph Subsumces for pharmaceutical use (2034). It is
therefore not necessary UJ identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) C.

A. (3R,4R)-3-ethyl-4-[(I-methyl-IH-imidazol-5-yl)methyl]
dihydrofuran-2(3H)-one (isopilocarpine),
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Reference solution Dissolve 10 mg of pilocarpine nitrate CRS
in water R and dilute to 10 mL with the same solvent.
Plate TLC silica gelplate R.

IWobl1e phase concentrated ammonia R, methanol R, methylene
chloride R (1:14:85 VIVIV).

Application 10 ~L.

Development Over a path of 15 em.
Drying At 100-105 °C for 10 min and allow to cool.

Detection Spray with potassium iodobismuthate solution R.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size (Q

the principal spot in the chromatogram obtained with me
reference solution.
D. It gives the reaction of nitrates (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free water R and dilute to
50.0 mLwith the same solvent. Prepare immediately before
use.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method If).

pH (2.2.3)
3.5 to 4.5 for solution S.

Specific optical rotation (2.2.7)
+ 80 to + 83 (driedsubstance), determined on solution S.

Related substances
Liquid chromatography. (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in waterR and dilute to 100.0 mL with the same
solvent.
Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with water R. Dilute 2.0 mL of this solution to
20.0 mL with Water R.
Reference solution (b) Dissolve 5.0 mg of pilocarpine nitratefor
system suitability CRS (containing impurity A) in waterRand
dilute to 50.0 mL with the same solvent.
Reference solution (c) To 5 mL of the test solution, add
0.1 mL of ammonia R and heat the solution on a water-bath
for 30 min, cool and dilute to 25 mL with waterR. Dilute
3 mL of this solution to 25 mL with waterR. Mainly
pilocarpic acid (impurity B) is formed.
Column:
- size: 1= 0.15 01, 0 = 4.6 mm;
- stationary phase: octade<y/si/yl siiica gelfor

chromawgraphy Rl (5 urn) with a pore size of 10 om and
a carbon loadingof J9 per cent.

jHobile phase Mix 55 volumesof methanol R, 60 volwnes of
acetonitrile R and 885 volumes of a 0.679 gIL solution or'
tetrabucylammonium dihydrogen phosphate R previously
adjusted to pH 7.7 with dilute ammonia R2.

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 220 run.
Injection 20 IlL.
Run time Twice the retention time of pilocarpine.
Elution order Impurity B, impurity C, impurity A,
pilocarpine.

Retention time Pilocarpine = about 20 min.
Systemsuitabl7ity Reference solution (b):
- resolution: minimum 1.6 between the peaks due to

impurity A and pilocarpine.

Pilocarpine Nitrate II-627

Limits:
- impurityA: not more than twicethe area of the principal

peakin the chromatogram obtained with reference
solution (a) (I percent);

- sum of impurities A and B: not more than 3 times the area
of the principal peakin the chromatogram obtained with
reference solution (a) (1.5 per cent);

- sum of impuruies other thanA and B: not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.5 per cent);

- disregard limit: 0.4 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 per cent); disregard anypeak due to the nitrate ion
with a relative retention withreference to pilocarpine of
about 0.3.

Chlorides (2.4.4)
Maximum 70 ppm, determined on solution S.

Iron (2.4.9)
Maximum 10 ppm. determined on solution S. Prepare the
standard using 5 mL of iron standard solution (J ppm Fe) R
and 5 mL of waterR.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 30 mL of anhydrous acetic. acid R. Titrate
with 0.1 Jlt[ perchioric add, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 27.13 mg
of CllH17N305.

STORAGE
Protected from light.

IMPURITIES
Specified impuniies A, B.
Otherdetectable impnrities (the following SIIbstances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for otherhmspedfied impurities and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identify these impun'ties for
demonstnuion of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) C.

A. (3R,4R)-3-<:thyl-4-[(I-methyl-IH-imidazol-5-y1)methyI]
dihydrofuran-2(3H)-one (isopilocarpine),

B. (2S,3R)-2-ethyl-3-(hydroxymethyl)-4-( l-rnethyl-I H­
imidazol-5-y1)buranoic acid (pilocarpic acid),
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PhE" _

_____________________ PhE"

Time Mobile phase A Moblle phase B
(min) (per cent Vflo') (per cent YfII)

0-10 80 ~ 70 20 ~ 30

10 - 15 70 30

15·20 80 20

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intenselycoloured
than reference solution Y7 (2.2.2, Method 11).
Dissolve 0.2 g in methanol R and dilute to 20 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solurian Dissolve 0.10 g of the substanceto be
examined in methanol R and dilute to 10.0 mL with the same
solvent.
Reference solution (a) Dissolve 5.0 mg of pimozide CRS and
2.0 mg of mebendazole CRS In methanol R and dilute to
100.0 mL with the same solvent
Reference solution (b) Dilute 5.0 mL of the test solution to

100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.

Column:
- size: 1= 0.1 m, 0 = 4.6 mm;
- stationary phase: O<ladecy/si1y1 silica gelfor chromatography R

(3 urn).

Mobile phose:
- mobile phaseA: solution containing 2.5 gIL of ammonium

acetate Rand 8.5 gIL of tetrabutylammonium hydrogen
su!fate R;

- mobile phase B: acetonitrile R;

Drying In a current of warm air for 15 min.

Detection Expose to iodine vapour until the spots appear.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtainedwith reference
solution (a).

D. Mix about 5 fig with 45 mg of heavy magnesium oxide R
and ignite in a crucible until an almost white residue is
obtained (usually less than 5 min). Allow to cool, then add
1 mL of waterR, 0.05 mL of phenolph'halein solution R1 and
about I mL of dilute hydrochlmu acid R to render the solution
colourless. Filter. To a freshly prepared mixture of 0.1 mL of
alizarin S solution Rand 0.1 mL of zirconyl nitrate solution R,
add 1.0 rnL of the filtrate. Mix, allow to stand for 5 min and
compareme colour of me solution with thatof a blank
prepared in the same manner. The test solution is yellow and
theblank is red.

Flow ral< 2.0 m1Jmin.

Detection Spectrophotometer at 280 nm.
1nje<tion I0 ~L.

Relativeretention With reference to pimozide (retention
time =about 8 min): impurity A =about 0.1;
mebendazole= about 0.88; impurity B =about 0.9;
impurity C =about 0.95; impurity D =about 1.1;
impurity E =about 1.3.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaksdue to

mebendazole and pimozide.

**** ** ** ****

2062-78-4461.6

F

F

(ph. Eur. monograph 1254)

Pimozide

c"H"F,N,O

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
PimozideTablets

C. (2R,3R)-2-ethyl-3-(hydroxymethyl)-4-(I-methyl-IH­
imidazoL-S-yl)bmanoic acid (isopilocarpic acid).

DEFINITION
1-[1-[4,4-Bis(4-fluorophenyl)butyl)piperidin-4-yl]-I,3­
dihydro-2H-benzimidazol-2-0ne.

Content
99.0 per cent 10 101.0 per cent (dried substance),

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, soluble in methylenechloride,
sparingly soluble in methanol, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B.
Second identification: A, C, D.

A. ,"Ielling point (2.2.14): 216 'C to 220 'C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pimozide CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 30 mg of the substance to be
examined In the mobile phase and dilute to 10 mL with me
mobile phase.
Reference solution (a) Dissolve 30 mg of pimozide CRS in the
mobile phase and dilute to 10 mL with the mobile phase.

Reference solution (b) Dissolve 30 mg ofpimozide CRS and
30 mg of benperidol CRS in the mobile phase and dilute to
10 mL with the mobile phase.

Plate TLC silica gelpkue R.
Mobile phase acetone R, methanol R (10:90 VIV).

Applicatiotl I0 ~L.

Development Over 3/4 of the plate.
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F

F

____________________ PhE"

**** ** ** ****

C(r
H OH

HN 0" ~ c~ I ~ Y ~ and enanliorner

, CHJ

(Ph. Bur. monograph 0634)

Pindolol

F

O)-NH

(yN~
N~ U

D. 1-[I-[4,4-bis(4-fluorophenyl)butyl]-I,2,3,6­
tetrahydropyridin-4-yl]-1,3-dihydro-2H-benzimidazol-2­
one,

E. 1-[1-[4,4-bis(4-fluorophenyl)butyl)piperidin-4-yl j-oxide]­
1,3-dihydro-2H-benzimidazol-2-one.

Limits:
- impurities A, B, C, D, E: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.5 per cent);

- unspecified impurities: for each impurity, not more man
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more man 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.75 per cent);

- disregard limit: 0.1 times the area of me principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.300 g in 50 mL of a mixture of 1 volume of
anhydrous acetic acidRand 7 volumes of methylethylketone R.
Titrate with 0.1 M perchioric add, using 0.2 mL of
naphtholbenzein solution R as indicator.

1 mL of 0.1 A-I perchloni:. acid is equivalent to 46.16 mg
of C28H29F2N,O.

STORAGE
Protected from light.

IMPURITIES
Specified impun"ties A, B, C, D, E.

o
)-NH

(yN~
HN~ V

A. 1-(piperidin-4-yl)-1,3-dihydro-2H-benzimidazol-2-one,

248.3

Action and use
Bera-adrenoceptor antagonist.

Preparation
Pindolol Tablets

13523-86-9

C. 1-[1-[(4RS)-4-(2-fluorophenyl)-4-(4-fluorophenyl)
butyl]piperidin-4-yl]-1,3-dihydro-2H-benzimidazol-2-one,

B. 1-[1-[(4RS)-4-(4-fluorophenyl)-4-phenylbutyl]piperidin-4­
yl]-I,3-dihydro-2H-benzimidazol-2-one,

PhE<r _

DEFINITION
Pindolol contains not less than 99.0 per cent and not more
than the equivalent of 101.0 per cent of (2RS)-I-(IH-indol­
4-yloxy)-3-[(I-methylethyl)antino]propan-2-0I, calculated
with reference to the dried substance.

CHARACTERS
A white or almost white, crystalline powder, practically
insoluble in water, slightly soluble in methanol. It dissolves in
dilute mineral acids.

IDENTIFICATION'
First identification: A, C.
Second identification:A, U, D.

A. Melting point (2.2.14): 169 'C to 174 'C.

B. Dissolve 20.0 mg in a 0.085 per cent VJVsolution of
hydrochloric add R in methanol R and dilute to 100.0 mL with
the same solution. Dilute 10.0 mL of the solution to
100.0 mL with a 0.085 per cent VIV solution of hydrochkJric
add R in methanol R. Examined between 230 nm and
320 om (2.2.25), the solution shows two absorption maxima,
at 264 run and at 287 run, and a shoulder at 275 run.
The specific absorbance at the maxima are 330 to 350 and
170 to 190, respectively"

and enanliomer

F

F
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11-630 Pioglitazone hydrochloride 2022

____________________ PhE<r

D. (2RS)-3-(IH-indol-4-yloxy)propane-l ,2-<1iol,

**** ** ** ****

112529-15-4

. Hel

and enanllomer

392.9

Q/ H OH
HN () 0~C1

(N~O )

H'CJJ ~NH
and enantiomer H 0

A. 1-[[1-[2-hydroxy-3-[( l-methylethyl)amino]plOpyl)-IH­
indol-4-yl) oxy)-3- [( I-methylethyl)amino[propan-z-ol,

OH CO OH
H,Cy~~N "" O~~yCH,

CH3 ~ I CH3

B. 1-[4-[2-hydroxy-3-[(I-methylethyl)amino)ptopoxy)-IH­
indol-I-yl)-3- [( I-methylethyl)antino)propan-2-01,

CO
H OH

HN 0 i OH
: ~ andeneoucner

I mL of 0.1 M hydrochlon'c acidis equivalent 10 24.83 mg of
Cj.,H,oN,O,.
STORAGE
Store protected from light.

IMPURITIES

C. 1,1'-[(l-methylethyl)imino)bis[3-( IH-indol-4-yloxy)
propan-z-cl],

HN~/OH
()

H,CyCH,

CO OH OH '8
HN ~ O~N~O ~ NH

""I I"",

E. IH-indol-4-ol,

F. (2RS}-I-<:b1oro-3-(IH-indol-4-yloxy)propan-2-01.

(ph. Bur. monograph 2601)

Pioglitazone Hydrochloride

Action and use
Peroxisome proliferaror-acrivated receptor (pPAR)-gamma
agonist; treatment of diabetes mellitus.

C. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spec£IUI11 obtained with
pindolol CRS.
D. Examine in daylight the chromatograms on plate A
obtained in the test for related substances. The principal spot
in the chromatogram obtained with test solution (b) is similar
in position) colour and size to the principal spot in the
chromatogram obtained with reference solution (a).

TESTS
Appearance of solution
Dissolve 0.5 g in dilute acetic acidR and dilute to 10 mL with
the same acid. The solution is clear (2.2.1) and not more
intensely coloured than reference solution BY5 or B5 (2.2.2,
Memod II).

Related substances
Examine by thin-layer chromatography (2.2.27), using SIlica
gel GF254 R as the coating substance. Carryout all operations
as rapidly as possible, protected from lighl.
Testsolution (a) Dissolve 0.10 g of the substance to be
examined in a mixture of 1 volume of anhydrous acetic acidR
and 99 volumes of methanol R and dilute to 5 mL with the
same mixture of solvents. Prepare immediately before use
and apply this solution to the plate last.

Test solution (b) Dilute I mL of test solution (a) to 10 mL
with a mixture of 1 volume of anhydrous acetic acidRand
99 volumes of methanol R.
Reference solution (a) Dissolve 20 mg of pindolal CRS in a
mixture of I volume of anhydrous acetic add Rand
99 volumes of methanol R and dilute to 10 mL with the same
mixture of solvents.

Reference solution (b) Dilute 1.5 mL of reference solution (a)
to 50 mL with a mixture of 1 volume of anhydrous acetic
add Rand 99 volumes of methanol R.
A. Apply separately 5 ~L of each solution. Develop the plate
without delay over a path of 10 cm using a freshly prepared
mixture of 4 volumes of concentrated ammonia R, 50 volumes
of emyl acetaU! Rand 50 volumes of methanol R. Dry the
plate briefly in a current of cold air. Spray the plate without
delay with dimethylaminobenzalikhyik solution R7 and heat to
50 °C for 20 min. Any spot in the chromatogram obtained
with test solution (a), apart from the principal spot, is not
more intense than the spot in the chromatogram obtained
with reference solution (b) (0.3 per cent).

B. Apply separately 10 ~L of each solution. Develop the
plate without delay over a path of 10 cm using a freshly
prepared mixture of 4 volumes of concentrated ammoniaR,
50 volumes of ethyl acetate Rand 50 volumes of methanol R.
Dry the plate briefly in a current of cold air. Examine the
plate without delay in ultraviolet light at 254 nm. Any spot in
the chromatogram obtained with test solution (a), apart from
the principal.spot and the spots detected on plate A, is not
more intense than the spot in the chromatogram obtained
with reference solution (b) (0.3 per cent).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on l.000 g by
drying in an oven at 105 "C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 80 mL of methanol R, Titrate with 0.1 M
hydrochloric acid, determining the end-point potentiometrically
(2.2.20).

www.webofpharma.com



2022

Pi/EIJ _

DEFINITION
(5RS)-5-[[4-[2-(5 -Ethylpyridin-2-yl)ethoxy]phenyl]methyl]
thiazolidine-2,4-dione hydrochloride.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white crystals or crystalline powder.

Solubility
Practically insoluble in water, slightly soluble to soluble in
methanol) very slightly soluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Camparison pioglitazone hydro<hloride CRS.
B. Dissolve 25 mg in 0.5 mL of nitric acidR and add 2 mL
of dilute nitricacid R. The solution gives reaction (a) of
chlorides (2.3.1).

TESTS
Specific optical rotation (2.2.7)
-{).2 to + 0.2.

Dissolve 2.5 gin dimelhylfonnamide R and dilute to 50.0 mL
with the same solvent.

Related substances
liquid chromatography (2.2.29).

Test solution (a) Dissolve 20 mg of the substance [Q be
examined in 20 mL of methanolR and dilute to 100.0 mL
with the mobile phase. .

Test solution (b) Dissolve 50.0 mg of the substance to be
examined in methanol R and dilute to 100.0 mL with the
same solvent. Dilute 2.0 mL of the solution to 20.0 mL with
the mobile phase.

Reference solution (0) Dilute 1.0 mL of test solution (a) to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution [b) Suspend 5 mg of pioglitazone for ryStenl

suitability CRS (containing impurities Band C) in 5 mL of
methanol R. Heat at 60 °C for about 30 s, cool to room
temperature and dilute to 25.0' mL with the mobile phase.
Filter through a membrane filter (nominal pore size
0.45 urn).

Reference solution (c) Dissolve 50.0 mg of p;og!itazone
hydrochloride CRS in methanol R and dilute to 100.0 mL with
the same solvent. Dilute 2.0 mL of the solution to 20.0 mL
with the mobile phase.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-copped actad«ylsilyl silica gelfor

chromatography R (5 IUTI).

lWOb-ile phase glacial aceu"c acid R, aatonim7e R, 7.71 gIL
solution of ammonium a""tate R (1:25:25 VIVIV).

FbYw rate 0.7 mUmin.

Detection Spectrophotometer at 269 om.

Injection 40 ul, of test solution (a) and reference
solutions (a) and (b).

Rurr time 4 times the retention time of pioglitazone.

Identifiauion of impurilies Use the chromatogram supplied
with pioglitazone for systemsu;mbility CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities Band C.

Pioglitazone hydrochloride II-631

Relative retention With reference to pioglitazone (retention
time = about 7 min): impurity B = about 1.4;
impurity C = about 3.0.

System sl/;tabi1ity Reference solution (b):
- resolution: minimum 5.0 between the peaks due ro

pioglitazone and impurity B.
Limits:
- impurities B, C: for each impurity, not more than

1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 4 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.4 per cent);

- disregard limit 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.32)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection 20 pl, of test solution (b) and reference
solution (c).

Calculate the percentage content of CI9H21CIN203S taking
into account the assigned content of piog/iUlzone
hydrochloride CRS.

IMPURITIES
Specified impurities B, C.

Otherdetectable impurities (thefollcwing subsmnces uxndd, if
present at a sufficient level) bedetected by oneor otherof the tesu
in the monograph. They are limited by the general acceplatUe
cruerion for otherlunspedfied jmpnri,ies and/or by the general
monograph Substances for pharrneueurical use (2034). It is
therefore not necessary to identify these impuruies for
demonstration of compliance. See also 5.10. Control of impurities
in subsmnces for pharmaceutical use) A, D, E.

o

(N~0'("l ~--<NH
H3C~ ~

and enanliomer OH 0

A. (5RS)-5-[[4-[2-(5-ethylpyridin-2-yl)ethoxy]phenyl]
methyl]-5-hydroxythiazolidine-2,4-dione,

B. (5Z)-5-[[4-[2-(5-ethylpyridin-2-yl)ethoxy]phenyl]
methylene] thiazolidine-Zvl-dione,
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PhE" _

____________________ PbE"

E. ethyI3-[4-[2-(5-ethylpyridin-2-yl)ethoxy)
phenyijpropano3te.

20.0 mL with the mobile phase. Dilute 1.0 mL of the
solution to 10.0 mL with the mobilephase.
Reference solution (a) Dilute 2.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.
Reference solution (b) Dissolve 1.0 mg of ethyl
parahydroxybenzoale R in 2.0 mL of the test solutionand
dilute to 20.0 rnL with the mobile phase.

Column:
- size: 1= 0.15 m, (2') = 4.6 mm;
- statiouary phase: end-copped octadecylsi(yl silica gelfor

chromatography R1 (5 urn).

iHobiJe phase Mix 20 volumes of aceumitrile R, 20 volwnes
of methanol Rand 60 volumes of a solutioncontaining
5.7 gIL of citncadd monohydrate Rand 1.7 gIL of sodium
deconesulfomue R.
Flow rate 0.8 mIlrnin.
Detection Spectrophotometer at 275 nm.
Injection 20 ilL.
Run time 2.5 times the retention timeof pipemidic acid.
Relative retention Withreference to pipemidic acid (retention
time = about 15 min): ethyl
parahydroxybenzoate = about 0.8.

System suitability Reference solution (b):
- resolution: minimum4.0 between the peaksdue to ethyl

parahydroxybenzoare and pipemidic acid.
Limits:
- unspecified impurities: for each impurity, not more than

0.5 times the area of the principal peakin the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total: not more than the area of the principal peak in the
chromatogram obtainedwith reference solution (a)
(0.2 per cent);

- disregard limir. 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
14.0 per cent to 16.0 per cent, determined on 1.000 g by
drying in an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.240 g in 50 mL of anhydrous acetic add R. Titrate
with 0.1 wIperchlonc acid, determining the end-point
potentiometrically (2.2.20).

I rnLof 0.1 M perchloric acid is equivalent to 30.33 mg of

C14HL7Ns03'

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (the folll1Wing substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. Theyare limited by thegeneral aueptance
criteriou for otherlunspedfied impurities andlor by thegeneral
monograph Substances for pharrnaceuti<al use (2034). Ic is
therefore not necessary to identify these impunues for
demonstration of compliance. Seealso 5.10. Control of impuruies
in substances forpharmaceutical use) A, B, C, D, E, F.

**** ** ** ****

72571-82-5357.4

(ph. Bur. monograph 1743)

HNl (CH'
~NY:JC;lNN

N I I
~ C02H

o

Pipemidic Acid Trihydrate

Action and use
Antibacterial.

o

~o~)lI "" I S NH,
H3C # .#; O'-/C~

andenanliomer H 0

C. (5RS)-5-[[4-[2-(5-ethylpyridin-2-yl)ethoxy)phenyl)
methyl)-3-[2- (5-ethylpyridin-2-yl)ethyl) thiazolidine-2,4­
dione,

(Ny',-Ay'l ~)NJ-O_/H'
H,C~ ~

and enanuoner H 0

D. ethyl (2RS)-2-(carbarnoylsulfanyl)-3-[4-[2-(5-ethylpyridin­
2-yl)ethoxy)phenyl)propanoate,

H'C~O~O'-o/CH'
o

DEFINITION
8-Ethyl-5-oxo-2-(piperazin-l-yl)-5,8-dihydropyrido[2,3-d]
pyrimidine-S-carboxylic acid trihydrate.

Content
98.5 per cent (Q 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
Pale yellow or yellow, crystalline powder.

Solubility
Veryslightly soluble in water and in methylene chloride,
practically insoluble in ethanol (96 per cent). It dissolves in
dilute solutions of acids and of alkali hydroxides.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison pipemidi< acidtrihydrate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20 mg of the substance to be
examined in 10 mL of the mobile phase and dilute to
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A. 8-ethyl-2-hydroxy-5-oxo-5,8-dihydropyrido[2,3-dj
pyrimidine-6-carboxylic acid,

Piperacillin Monohydrate
Piperacillio

(Ph. Ellr. monograph 1169)

Piperacillin II-633

**** ** ** ****

66258-76-2

B. 8-ethyl-2-methoxy-5-oxo-5,8-dihydropyrido[2,3-dj
pyrimidine-6-carboxylic acid,

C. 2-ethoxy-8-ethyl-5-oxo-5,8-dihydropyrido[2,3-dj
pyrimidine-6-carboxylic acid,

D. ethyl 2-<:h1oro-8-ethyl-5-oxo-5,8-dihydropyrido[2,3-d]
pyrimidine-6-carboxyJate,

E. ethyl 8-ethyl-5-oxo-2-(piperazin-I-yl)-5,8-dihydropyrido
[2,3-djpyrimidine-6-<:arboxylate,

F. 2-(4-acetylpiperazin-I-yl)-8-ethyl-5-oxo-5,8-dihydropyrido
[2,3-djpyrimidine-6-carboxylic acid (acetylpipemidic acid).

____________________ PhEur

Action and use
Penicillin antibacterial.

Preparation
Piperacillin Infusion

PhEur _

DEFINITION
(2S,5R,6R)-6-[(2R)-2-(4-Ethy1-2,3-dioxopiperazine-l­
carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-t-thla­
l-azabicyclo[3.2.0]heptane-2-carboxylic acid monohydrate.

Semi-synthetic product derived from a fermentation product.

Content
95.5 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
The manufacturing process is evaluated to determine the
potential presenceof N,..N-dimethylaniline. Where necessary,
the manufacturing process is validated to demonstrate that
the piperacilfin monohydrate complies with the following test:

N,N-Dimethylanillne (2.4.26, Method A)
Maximum 20 ppm.

CHARACTERS
Appearance
While or almost white powder.
Solubility
Slightly soluble in water, freely soluble in methanol, slightly
soluble in ethylacetate.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison piperaciJ/in CRS.

TESTS
Appearance of solution
The solution is not moreopalescent than reference
suspension II (2.2.1) and its absorbance (2.2.25) at 430 nm
is not greater than 0.10.

Dissolve 2.50 g in sodium carbonate solution R and dilute to
25 mL with the samesolvent.
Related substances
liquid chromatography (2.2.29).

Test solution Dissolve0.120 g of the substance to be
examined in mobilephaseB and dilute to 20.0 mL with
mobilephaseB.
Reference solution (a) Dilute 1.0 mL of the rest solution to
100.0 mL with mobile phase B.
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Reference solution (b) Dissolve 6 mg of piperacillin
impun"ty I CRS in mobile phase B and dilute to 20 mL with
mobile phase B.
Reference solution (c) Dissolve 6 mg of anhydrous
ampicillin CRS (impurity A) in mobile phase B and dilute to
20 mL with mobile phase B.
Reference solution (d) To 2 mL of reference solution (b),
add 1 mL of reference solution (c) and dilute to 10 mL with
mobile phase B.

Reference solution (e) Dissolve 6 mg of piperacillin for peak
identification CRS (containingimpurities A, B, C, D, E, F, G,
I, J, K, 1.., M, 0, P, Q, R, Sand T) in mobile phase Band
dilute to 1 mL with mobile phase B.

Column:
- size: I;;;; 0.25 m, 0 =4.6 mm;
- stationary phase: end-capped oCladecylsi/yl amorphous

organosilica polymer for chromatography R (5 urn);
- temperature: 40 "C.

iWobl7e phase:
- mobile phaseA: mix 3 mL of a 320 gILsolution of

letrabuty/ammonium hydroxide R, 100 mL of a 27.6 gIL
solution of sodium dihydrogen phosphate R, 275 mL of
methanol Rl and 622 mL of waterfor chromatography R;
adjust the apparent pH to 5.5 with phosphorit: acid R;

- mobile phase E: mix 3 mL of a 320 gIL solution of
tetrabutylammonium hydroxide R, 100 mL of. 27.6 gIL
solution of sodium dihydrogen phosphate R, 282 mL of
waterfor chromatography Rand 615 mL of methanol Rl;
adjustme apparent pH to 5.5 with phosphoric acid R;

Tim, Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-. 100 0

6 - 55 Joo ..... 71 0 ..... 29

55 - 73 71 ..... to 29 ..... 90

73 - 85 10 90

Flow rate \.0 mUmin.
Detection Spectrophotometerat 220 nm.
Autosampler Set at 4°C.

lnjeaion 10 ~ of the test solution and reference
solutions (a), (d) and (e).

Identification of impurities Use the chromatogram supplied
with pipera<illin for peak identification CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities A, B, C, D, E, F, G, I, J, K,
1., M, 0, P, Q, R, Sand T.
Relativeretention With reference to piperacillin (retention
time ::: about 54 min): impurity E = about 0.05;
impurity I = about 0.12; impurity A::: about 0.14;
impurity G = about 0.30; impurity J = about 0.36;
impurity F =about 0.57; impurity K =about 0.60;
impurity L ::: about 0.65; impurity B (isomer
1) = about 0.71; impurity M = about 0.75; impurity B
(isomer 2) ::: about 0.83; impurity C (isomer
I) =about 0.87; impurity C (isomer 2) =about 0.92;
impurity 0 ::: about 1.23; impurity P ::: about 1.26;
impurity Q =about \.31; impurity R =about 1.36;
impurity S =about \.38; impurity T =about 1.41;
impurity D = about \.54.

System suirabl1ity Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities I and A.

2022

CaJeuJarion ofpercentage conlt!1us:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurityA::: 1.3; impurity E ::: 0.4; impurity I = 3.2;

- for each impurity, use the concentration of piperacillin
monohydrate in reference solution (a).

Limits:
- impun'cy G: maximum 1.5 per cent;
- impumies B (sllm of isomers), D: for each impurity,

maximwn 1.0 per cent;
- impun·cy F: maximum 0.8 per cent;
- impun'ty C (sum of isomen): maximum 0.7 per cent;
~ impun'ty S: maximum 0.5 per cent;
- impurity T: maximum 0.3 per cent;
- impurides A, EJ I, J, s; L, iH, 0, P, Q, R: for each

impurity, maximum0.2 per cent;
- any otherimpun',y: for each impurity, maximum

0.15 per cent;
- total: maximum 2.5 per cent;
- reponing threshold: 0.05 per cent.

Water (2.5.12)
2.0 per cent (0 4.0 per cent, determined on 0.500 g.

ASSAY
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, 31.2 gIL solution of sodium
dihydrogen phosphate R (25:75 VIV).
Test solution Dissolve 0.100 g of the substance to be
examined in the solventmixture and dilute to 50.0 mL with
the solvent mixture. Dilute 5.0 mL of the solution to
50.0 mL with the solvent. mixture.
Reference solution (a) Dissolve 50.0 mg of piperacillin CRS in
the solvent mixture and dilute to 50.0 mL with the solvent
mixture. Dilute 10.0 mL of the solution to 50.0 mL with the
solvent mixture.
Reference solution (b) Dissolve 0.1 g of the substance to be
examined in the solvent mixture and dilute to 50 mL with
the solvent mixture.
Reference solution (c) Dissolve 5 mg of piperaa71in
impun'cy N CRS in the solvent mixture and dilute to 25 mL
with the solvent mixture.
Reference solutron (d) To 5 mL of reference solution (b),
add 0.1 mL of reference solution (c) and dilute to 50 mL
with the solvent. mixture.

Column:
- size: /::: 0.15 m, 0 ;;;: 4.6 mm;
- s",,,;,nary phase: end-capped o<:",de<ylsilyl amorphous

organosilica polymer for chromatography R (3.5 pm),
- temperature: 40 "C.

Mobilephas<:
- moln7e phase A: mix 24 mL of an 80 gIL solution of

tetrabutylammonium hydroxide R, 200 mL of acetonitrile for
chromatography R, 200 mL of a31.2 gIL solution of
sodium dihydrogen phosphate R and 576 mL of waterfor
chromatography R; adjust the apparent pH to 5.5 with
dilutephorphon'c acid R or dl7ute sodium hydroxide solution R;

- mobile phase E: mix 24 mL of an 80 gIL solution of
tetrabutylammonium hydroxide R, 126 mL of waterfor
chromatography R, 200 mL of a 3\.2 gIL solution of
sodium dihydrogen phosphate Rand 650 mL of acetonitrile
for chromatography R; adjust the apparent pH to 5.5 with
dilutephosphoric acid R or dilute sodium hydroxide solution R;

www.webofpharma.com



Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 10 ilL of the test solution and reference
solutions (a) and (d).

Relative retention Withreference to piperacillin (retention
time « about 13 min): impurity N = about 0.96.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurity Nand piperacillin.
Calculate the percentage content of C2:JI27NS07S using the
chromatogram obtained with reference solution (a) and
caking into account the assigned content of piperadlNn CRS.

IMPURITIES
Specified impurities A, B, C, D, E, F, G, 1..J,K, L, AI.., 0,
P, Q, R, S, T.
Otherdeuaable impurities (thefollowing substances wonld, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
ctitetion for other/unspecified impurities, It is therefore not
necessary to identify these impurities for demonstration of
compliance. See also5.10. Control of impurities in substances fOT
pharmaceutical use) H, N.

2022

Time
(min)

0-3.5

3.5 - 4

4 - 14

14 - 15

MobUe phase A
(per cent VIJI)

100

100 92

92 86

86 --> 0

.\lobUe phase B
(per cent VIJI)

o
O~8

8 ..... 14

14 --> 100

Piperacillin II-635

D. (2S,5R,6R)-6-[(2R)-2-[(2S,5R,6R)-6-[(2R)-2-(4-ethyl-2,3­
dioxopjperazine-l-earboxamido)-2-phenylacetamido]-3,3­
dimethyl-7-oxo-q-thia-f-axabicyclo[3.2.0 [heptane-2­
carboxamido]-2-phenylacelamido]-3,3-dimethyl-7-oxo-4­
thi a-I-azabicyclc[3.2.01heptane-2-carboxylic acid
(piperacillinylampicillin),

E. l-ethylpiperazine-2,3-dione,

A. (2S,5R,6R)-6-[(2R)-2-amino-2-phenylacetantidol-3,3­
dimethyl-7-oxo-4-thia-l-azsbicyclo[3.2.0lheptane-2­
carboxylic acid (ampicillin),

B. (23,4S)-2-[(3)-carboxy[(2R)-2-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]
methyl]-5,5-dimethyl-l,3-thiazolidine-4-casboxylic acid
(penicilloicacids of piperacillin),

C. (23,4S)-2-[ [(2R)-2-(4-ethyl- 2,3-dioxopiperazine-l­
carboxamido)-2-phenylacetantido]methyl]-5,5-dimethyl­
1,3-thiazoUdine-4-carboxylic acid (penilloic acids of
piperacillin),

F. (23,4S)-3-acetyl-2-[(3)-carboxy[(2R)-2-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]
methyl]-5,5-dimethyl-I,3-thiazolidine-4-carboxylic acid
(acetylared penicilloic acids of piperacillin),

G. (R)-(4-ethyl-2,3-dioxopiperazine-l-carboxamido)
phenylaceticacid,

o H~'.CO:2H
N CH3H,.··H:s CH3

H H

H. (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-d-thia-L­
azabicyclo[3.2.0]heptane-2-casboxylic acid
(6-aminopeniciUamic acid),

1. (2S)-2-foffi1antido-3-methyl-3-sulfanylbutanoic acid (N­
fonnylpenicillamine),
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J. [(ZR)-Z-(4-ethyl-Z,3-dioxopiperazine-l-carboxamido)-Z­
phenylacetamido]acetic acid,

K. (Z3)-Z-[[(E)-[Z-[(R)-[(4-ethyl-Z,3-dioxopiperazine-l­
carboxamido)phenylmethyl]-5-oxo-I,3-oxazol-4(5H)­
ylidenelmethy1lamino]-3-methyl-3-sulfanylbutanoic acid
(penicillenic acid),

L. unknownstructure,

H3c »<:Nl
A HN 0 H

Ho,C 0 Y 0 ~,.CO,H

H NH 1+ CH,
'. H

~
. N.... S CIi,

I. H H

"" 0

M.(ZS,5R,6R)-6-[(ZR)-Z-[[[Z-[ethyl(oxalo)amino]ethyl]
carbamoyllamino]-Z-phenylaceramido]-3,3-dimethyl-7­
oxo-4-thia-l-azabicyclo[3.Z.0Iheptane-Z-carboxylic acid,

N. (2S,5R,6R)-6- [(ZS)-Z-(a-ethyl-z ,3-dioxopiperazine-l­
carboxamido)-Z-phenylacetamido]-3,3-dimethyl-7-oxo-4­
thia_I_azabicyclo[3.Z.0]heptane_2_carboxylic acid (L-
p~ernclllin), .

O. unknown structure,

P. (2S,5R,6R)-6-[(ZR)-Z-[(2R)-Z-(4-ethyl-Z,3­
dioxopiperazine-I-carboxamido)-2-phenylacetamido]-2­
phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-l-azabicyc1o
[3.Z.0]heptane-2-carboxylic acid,

Q. unknown structure,

2022

R. (2S,5R,6R)+[(2R)-Z-[(23)-2-[(Z3,4S)-4-carboxy-5,5­
dimethyl-I ,3-thiazclidin-2-yl]- 2- [(ZR)-Z-(4-ethyl-Z.3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]
acetamido]-2-phenylacetamido]-3,3-dimelhyl-7-oxo-4­
thia-l-azabicyclo[3.2.0]heptane-2-carboxylic acid,

S. (ZS,5R,6R)-6-[(2S,5R,6R)-6-[(2R)-Z-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]-3,3­
dimethyl-7-oxo-q-thia-Lazabicyclc[3.Z.0]heptane-2­
carboxamido]-3,3-dimerhyl-7-oxo-4-thia-l-azabicyclo
[3.2.0Iheptane-2-carboxylic acid,

T. (Z3,4S)-Z-[(3)-carboxy[(ZR)-2-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]
methylj-3-[(ZS,5R,6R)-6-[(ZR)-Z-(4-ethyl-Z ,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]-3)3­
dimethyl-7-oxo-q-thia-l-azabicyclo[3.2. OJ heprane-g­
carbonylJ-5,5-dimethyl-l ,3-thiazolidine-4-carboxylie acid.

____________~ PhE"
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PhE" _

DEFINITION
Sodium (2S,5R,6R)-6-[(2R)-2-(4-ethyl-2,3-dioxopiperazine­
I-carboxamido)-2-pbenylacetamide]-3,3-dirnethyl-7-oxo-4­
thia-I-azabicydo[3.2.0] heptane-2-ca tboxyla te.

Semi-synthetic product derivedfrom a fermentation product.

Content
95.5 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
The manufacturing process is evaluated to determine the
potential presence of N,N-dimetbylaniline. Where necessary,
the manufacturing process is validated to demonstrate that
the piperacillin sodium complies with the following test:

N,N-Dlmethylaniline (2.4.26, MelhodA)
Maximum 20 ppm.

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freelysoluble in water and in methanol, practically insoluble
in ethyl acetate.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 0.250 g in waterR, add 0.5 mL of
dilute hydroch/criJ; acidRand 5 mL of erhyl a«tate R; stir and
allow to stand for 10 min in iced water. Filter the crystals
through a small sintered-glass filter (40), applying suction.
Wash with 5 mL of waterRand 5 mL of ethylacetate R, then
dry in an oven at 60 °C for 60 min.
Comparison piperacillin CRS.

B. It gives reaction (a) of sodium (2.3. I).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

Appearance of soludon
Solution S is dear (2.2.1) and its absorbance (2.2.25) at
430 nm is not greater than 0.10.

pH (2.2.3)
5.0 to 7.0 for solution S.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.120 g of the substance to be
examined in waterR and dilute to 20.0 mL with the same
solvent.

Piperacillin Sodium

Time Mobile pbs!c A Mobile phase B
(min) (per cent vm (per cent VIP)

0-6 100 0

6 - 55 100 --I 71 o ..... 29
55 - 73 11 --I 10 29 ..... 90

73 - 85 10 90

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 220 nm.

Autosampler Set at 4 °C.

Injection 10 J.lL of the test solution and reference
solutions (a), (<I) and (e).

Identification of impurities Use the chromatogram supplied
with piperacil/in for peak identification CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities A) B) C) D) E) F) I)J, K) L, .M,
0, P, Q, R, Sand T.
Relative retention With reference to piperacillin (retention
time == about 54 min): impurity E ::::: about 0.05j
impurity I =about 0.12; impurity A =about 0.14;
impurity J =about 0.36; impurity F =about 0.57;
impurity K =about 0.60; impurity L =about 0.65;
impurity B (isomer 1) = about 0.71;
impurity IVl = about 0.75; impurity B (isomer
2) = about 0.83; impurity C (isomer I) = about 0.87;
impurity C (isomer 2) = about 0.92;
impurity 0 = about 1.23; impurity P = about 1.26;
impurity Q =about 1.31; impurity R =about 1.36;
impurity S =about 1.38; impurity T = about 1.41;
impurity D = about 1.54.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase B.

Reference solution (b) Dissolve 6 mg of piperaciilin
impun·ty I CRS in mobile phase B and dilute to 20 mL with
mobile phase B.
Reference solution (c) Dissolve 6 mg of anhydrous
ampicl1l;'1 CRS (impurity A) in mobile phase B and dilute to
20 mL with mobile phase B.

Reference solution (d) To 2 mL of reference solution (b),
add 1 mL of reference solution (c) and dilute to 10'mL with
mobile phase B.

Reference solution (e) Dissolve 6 mg of piperacilli" for peak
identification CRS (containing impurities A) B, C, D) E) F, I)
J, K, L, lvl) 0) r, Q, R) Sand T) in mobile phase Band
dilute to 1 mL with mobile phase B.
Column:
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped ottad«ylsilyl amorphous

organosilica polymer for chromatography R (5 um),
- temperature: 40 °C.
Mobile phase:
- mobile phaseA: mix 3 mL of a 320 gIL solution of

tetrabutylammonium hydroxide R, 100 mL ofa 27.6 gIL
solution of sodium dihydrogen phosphate R, 275 mL of
methanol RJ and 622 mL of waterfor chromawgraphy Rj
adjust the apparent pH to 5.5 with phosphoric acid R;

- mobile phaseE: mix 3 mL of a 320 gIL solution of
tetrabutylammonium hydroxide R, 100 mL ofa 27.6 gIL
solution of sodium dihydrogen phosphate R, 282 mL of
waterfor chromarography Rand 615 mL of methanol Rl;
adjust the apparent pH to 5.5 with phosphori< acid R;

**** ** ** **••

59703-84-3539.5

(Ph. Eur. monograph 1168)

C"H,,N,NaO,S

Action and use
Penicillin antibacterial.
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A. (2S,5R,6R)-6-[(2R)-2-amino-2-phenylacetamido)-3,3­
dimethyl-7-oxo-d-thia-I -azabicyclo[3.2.0] heptane-2­
carboxylic acid (ampicillin),

B. (25,45')-2-[(5)-<:arboxy [(2R) -2-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]
methyl]-5,5-<1imethyl-I,3-thiazolidine-4-carboxylic acid
(penicilloic acids of piperacillin),

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 220 run.

Injection 10 ~L of the test solution and reference
solutions (a) and (d).

Relative retention With reference to piperacillin (retention
time =about 13 min): impurity N =about 0.96.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurity Nand piperacillin.

Calculate the percentage content of C23H26NjNa07S using
the chromatogram obtained with reference solution (a) and
taking into account the assigned content of piperacillin CRS
and a conversion factor of 1.042.

o
0~8

8 ..... 14

14 --> 100

Mobile phase B
(per cent VIV)

100
100 ..... 92

92 --> 86

86 --> 0

Mobile phase A
(per cent YIfJ)

Time
(min)

0-3.5

3.5 ~ <I

4 - 14

14 - 15

STORAGE
In an airtight container" If the substance is sterile, the
container is also sterile and tamper-evident.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture ofparenteral
preparations.

IMPURITIES
SpedjieJimpurities A, B, C, D, E, F, I, J, K, L, M, 0, P,
Q, R, S, T.
Otherdetectable impun"ties (thefollowing substances would, if
present at a sufficient level, bedetected by erne or otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities. It istherefore. not
necessary 10 identify these impunires for demonstration of
compliance. See also 5.10. Cuntrol of imptmties in substances for
pharmaceutical use) G, H, N.

System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities I and A.

Calculation of percentage caments:
- correction [actors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity A =1.3; impurity E =0.4; impurity I =3.2;

- for each impurity, use the concentration of piperacillin
sodium in reference solution (a).

Limiu:
- iTnpun",ies B (sum of isomers), D: for each impurity,

maximwn 1.0 per cent;
- impurity F: maximum 0.8 per cent;
- ;mpun"ty C (sum of isomers): maximum 0.7 per cent;
- impurities L, T: for each impurity, maximum 0.3 per cent;
- impunues A, E, I, J, K, AI, 0, P, {1 R, S: for each

impurity, maximum 0.2 per cent;
- atty other impun"ty: for each impurity, maximum

0.15 per cent;
- total: maximum 2.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.500 g.

ASSAY
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, 31.2 gIL solution of sodium
d/hydrogen phosphate R (25:75 VIII).
Tf!.St so/Ulum Dissolve 0.100 g of me substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture. Dilute 5..0 mL of me solution to
50.0 mL with the solvent mixture.

Reference sdution (a) Dissolve 50.0 mg ofp/peraci1h"n CRS in
the solvent mixture and dilute to 50.0 mL with the solvent
mixture. Dilute 10.0 mL of the solution to 50.0 mL with the
solvent mixture.

Reference solution (b) Dissolve 0.1 g of the substance to be
examined in the solvent mixture and dilute to 50 mL with
the solvent mixture.

Reference solution (c) Dissolve 5 mg of piperacillin
impun"ty N CRS in the solvent mixtwe and dilute to 25 mL
with the solvent mixture.

Reference solution (d) To 5 mL of reference solution (b),
add 0.1 mL of reference solution (c) and dilute to 50 mL
with the solvent mixture.

Column:
- size: I::: 0.15 m, 0 ::: 4.6 mm;
- suuionary phase: end-capped oetade<y/si/yl amorphous

organosilica polymer for chromatography R (3.5 urn),
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: mix 24 mL of an 80 gIL solution of

tetrabutylammonium hydroxide R, 200 mL of acetonitrile for
chromatography R, 200 mL of a 31.2 WL solution of
sodium d/hydrogen phosphate Rand 576 mL of waterfor
chromatography Rj adjust the apparent pH to 5.5 with
dilute phosphoric acid R or dt1ute sodium hydroxide solution R;

- mobile phase B: mix 24 mL of an 80 WL solution of
tetrabutylammonium hydroxide R, 126 mL of waW'for
chromatography R, 200 mL ofa 31.2 WL solution of
sodium d/hydrogen phosphate R and 650 mL of acetonitrile
for chromatography R; adjust the apparent pH to 5.5 with
dt7ute phosphoric acid R or dilute sodium hydroxide solution R;
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C. (23,4S)-2- [[(2R) -2-( 4-ethyl-2,3-dioxopiperazine-l­
carboxamido)-2-phenylaceramido]methylj-5,5-dimethyl­
l,3-thiazolidine-4-carboxylic acid (penilloic acids of
piperacillin),

QJ
o 0 XCO,H

I N .xCH,
/'0. 1 4', N ''1--- ~-s CH,

H
3C

N H: H .t-t-
Jy

HN oHH

N 0 ~o y 0 H
o H\ NH H \--~ .... _. CHJ

cnN""H--s CH3

I H Ho

D. (2S,5R,6R)-6-[(2R)-2-[(2S,5R,6R)-6-[(2R)-2-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]-3,3­
dimethyl-7-oxo-4-thia-l-azabicyclo[3.2.0 jheptane-2­
carboxamido]-2-phenylacetamldo]-3,3-dimethyl-7-oxo-t­
thia-l-azabicyclo[3.2.0]heptane-2-earboxylic acid
(piperacillinylampicillin),

E. l-ethylpiperazine-2,3-dione,

F. (23,4S)-3-acetyl-2-[(3)-carboxy[(2R)-2-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]
methyl]-5,5-dimethyl-l,3-thiazolidine-4-carboxylic acid
(acetylated penicilloic acids of piperachlin),

G. (R)-(4-ethyl-2,3-dioxopiperazine-l-carboxamido)
phenylacetic acid,

H. (2S,5R,6R)-6-arnino-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.01heprane-2-carboxylic acid
(6-aminopenicillamic acid),

Piperacillin Sodium 11-639

I. (2S)-2-formamido-3-methyl-3-sulfanylbutanoic acid (N­
formylpenicillamine),

J. [(2R)-2-( 4-ethyl- 2,3-dioxopiperazine-l-carboxamido)-2­
phenylacetamidojacetic acid,

K. (23)_2_[[(E)_[2_[(R)_[(4_ethyl_2,3_dioxopiperazine_l_
carboxamido)phenylmethyl)-5-oxo-l,3-oxazol-4(5H)­
ylidenejmethyl)amino)-3-methyl-3-sulfanylbutanoic acid
(penicillenic acid),

L. unknown structure,

H3c»<: Nl
A HN 0 H

HO,C 0 Y 0 ~,.GO,H
H NH )---~ - CH3

if!\ ~····H--s CH3'

I H H
">.. 0

M. (2S,5R,6R)-6-[(2R) -2- [[[2- [ethyl(oxalo)amino)ethyl]
carbamoyljamino)-2-phenylaceramido)-3,3-dimethyl-7­
oxo-4-thia-l-azabicyclo[3.2.0jheprane-2-carboxylic acid,

N. (2S,5R,6R)-6-[(2S)-2-( 4-ethyl-2,3-dioxopiperazine-l­
carboxamido)-2-phenylaceramidoj-3,3-dimemyl-7-oxo-4­
thia-l-azabicyclo[3.2.0jheptane-2-carboxylic acid (L­
piperacillin},

O. unknown structure,
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Piperazine Adipate
(Ph. Erlr. monograph 0423)

r NH ~C02H
HN~ • HOle

232.3 142-88-1

P. (2S,5R,6R)-6-[(2R)-2-[(2R)-2-(4-ethyl-2,3­
dioxopiperazine-Iecarboxamidc)-2-phenylacetamido]-2­
phenylacetamido]-3,3·dimethyl-7-oxo-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylic acid,

Q.unknown structure,

R. (2S,5R,6R)-6-[(2R)-2-[(23)-2-[(23,4S)-4-carboxy-5,5­
dimethyl-I,3-thiazolidin-2-yl]- 2- [(2R) -2-(4-ethyl-2,3­
dioxopiperazine-J-carboxarnido)-2-phenyJacetamido]
acetamido]-2-phenylacetamido]-3,3-dimethyl-7-oxo-4­
thia-l-azabicyclo[3.2.0]hoptane-2-carboxylic acid,

H

O\--~~':,
H3c»<:l! HN/ITS CH

3

0' nNyo 0 H~.0
o H NH )---~.... CH3

ctr\ ~···r-t-s CH,
H H

"- 0

S. (2S,5R,6R)-6-[(2S,5R,6R)-6-[(2R)-2-(4-ethyl-2,3­
dioxopiperazine-l-earboxamido)-2-phenylacetamido]-3,3­
dimethyl-7-oxo-4-thia-I-azabicyclo[3.2.0]heptane-2­
carboxam ido] -3,3-dimethyl-7-oxo-4-thia-l-azabicyclo
[3.2.0]heptane-2-carboxylic acid,

T. (23,4S) -2- [(3)-carboxy[(2R) -2-(4-ethyl-2,3­
dioxopiperazine-l-carboxamido)-2-phenylacetamido]
methyl] -3- [(2S,5R,6R)-6-[(2R) -2-(4-ethyl-2,3­
dioxopiperazine-l-earboxamido)-2-phenylacetamido] -3,3­
dimethyl-7-oxo-4-thia-I-azabicyclo[3.2.0]heptane-2­
carbonyl]-S,5-dimethyl-l,3-l:hiazolidine-4-carboxylic acid.

_____________________ I'hE1l

Action and use
Anthelminthic.

PhEIl _

DEFINITION
Piperazine adipate contains not less than 98.0 per cent and
not more than the equivalent of 101.0 percent of piperazine
hexanedioate, calculated withreference to the anhydrous
substance.

CHARACTERS
A white or almostwhitecrystalline powder, soluble in water,
practically insoluble in alcohol. It melts at about250 °CJ

with decomposition.

IDENTIFICATION
First identification: A.

Second identification: BJ C.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
piperazine adipate CRS. Examine the substances prepared as
discs.
B. Examine the chromatograms obtained in the test for
related substances after spraying with theninhydrin solutions.
The principal spot in the chromatogram obtained with test
solution (b) is similar in position, colourand size to the
principal spot in the chromatogram obtained with reference
solution (a).
e. To 10 mL of solution S (see Tests) add 5 mL of
hydrochloric acid R and shake with three quantities, each of
10 ml., of ether R. Evaporate the combined etherlayers to
dryness. The residue, washed with 5 mL of waterRand
dried at 100 'C to 105 'C, melts (2.2.1<f) at 150 'C to
154 'C.

TESTS
Solution S
Dissolve2.5 g in waterR and dilute to 50 mL with the same
solvent.

Appearance of soludon
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution a, (2.2.2, Melhod II).

Related substances
Examine by thin-layer chromatography (2.2.27), using a
suitable silica gel as the coating substance.
Test solution (a) Dissolve 1.0 g of the substance to be
examined in 6 mL of concentrated ammonia R and dilute to
10 mL with ethanol R.

Tesrsolution (b) Dilute I mL oftestsolution (a) to 10 mL
with a mixture of 2 volumes of ethanol Rand 3 volumes of
concentrated ammonia R.
Reference solution (aJ Dissolve0.1 g of piperazine
adipate CRS in a mixture of 2 volumes of ethanol Rand
3 volumes of concentrated ammonia R anddilute to 10 mL
with the same mixture of solvents.
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___________________ PhE"

C,.H.,oN,O,••,H,O 643
(anhydrous substance)

Action and use
Anthehninthic.

Preparation
Piperazine Citrate Elixir

PhE" ~ _

DEFINTIlON
Piperazine citrate contains not less than 98.0 per cent and
not more than the equivalent of 101.0 per cent of
tripiperazine bis(2-hydroxy-propane-l,2,3-tricarboxylate),
calculated with reference to the anhydrous substance.
It contains a variable quantity of water.

CHARACTERS
A white or almost white granular powder, freely soluble in
water, practically insoluble in ethanol (96 per cent).

After drying at 100°C to 105 "C, it melts at about 190°C.

IDENTIFICATION
First idemlficotion: A.
Second identification: BJ C.

A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
piperazine citrate CRS. Dry the substance to be examined and
the reference substance at 120°C for 5 h, powder the
substances avoiding uptake of water, prepare discs and record
the spectra without delay.

B. Examine the chromatograms obtained in the test for
related substances after spraying with the ninhydrin solutions.
The principal spot in the chromatogram obtained with test
solution (b) is similar in position, colour and size to the
principal spot in the chromatogram obtained with reference
solution (a).

C. Dissolve 0.5 g in waterR and dilute to 5 mL with the
same solvent. The solution gives the reaction of citrates
(2.3.1).

TESTS
Solution S
Dissolve 1.25 g in waterR and dilute to 25 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution s, (2.2.2, MethodIf).

Related substances
Examine by thin-layer chromatography (2.2.27), using a
suitable silica gel as the coating substance.

Test solution (a) Dissolve 1.0 g of the substance to be
examined in 6 mL of concentrated ammonia R and dilute to
10 mL with anhydrous ethanol R.

Test solution (b) Dilute I mL ofrest solution (a) to 10 mL
with a mixture of 2 volumes of anhydrous ethanol Rand
3 volumes of concentrated ammonia R.
Reference solution (a) Dissolve 0.1 g of piperazine citrate CRS
in a mixture of 2 volumes of anhydrous ethanol Rand
3 volumes of concentrated ammonia R and dilute to 10 rnL
with the same mixture of solvents.

Reference solution (b) Dissolve 25 mg of ethylenediamine R in
a mixture of 2 volumes of anhydrous ethanol Rand 3 volumes
of concentrated ammonia R and dilute to 100 mL with the
same mixture of solvents.

Reference solution (c) Dissolve 25 mg of hlethylenediamitle R
in a mixture of 2 volumes of anhydrous ethanol Rand
3 volumes of concentrated ammonia R and dilute to 100 mL
with the same mixture of solvents.

Reference solution (d) Dissolve 12.5 mg of
triethylenediamine R in 5.0 mL of test solution (a) and dilute
to 50 mL with a mixture of 2 volumes of anhydrous ethanol R
and 3 volumes of concentrated ammonia R.

Reference solution (b) Dissolve 25 mg of ethylenediamine R in
a mixture of 2 volumes of ethanolRand 3 volumes of
concentrated ammonia R and dilute to 100 mL with the same
mixture of solvents.

Reference solution (c) Dissolve 25 mg of triethylenediamine R
in a mixture of 2 volumes of ethanolRand 3 volumes of
concentrated ammonia R and dilute to J00 mL with the same
mixture of solvents.

Reference solution (d) Dissolve 12.5 mg of
triethylenediamine R in 5.0 mL of test solution (a) and dilute
to 50 mL with a mixture of 2 volumes of ethanol Rand
3 volumes of concentrated ammonia R.
Apply separately to the plate 5 J1L of each solution. Develop
over a path of 15 em using a freshly prepared mixture of
20 volumes of concentrated ammonia Rand 80 volumes of
acetone R. Dry the plate at 105 DC and spray successively
with a 3 gIL solution of ninhydrin R in a mixture of
3 volumes of anhydrous acetic add Rand 100 volwnes of
butand R and a 1.5 gIL solution of ninhydrin R in ethanol R.
Dry the plate at 105°C for 10 min. Any spot in the
chromatogram obtained with test solution (a), apart from the
principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (b)
(0.25 per cent). Spray the plate with 0.051\1 iodine and allow
to stand for about 10 min. Any spot corresponding to
triethylenediamine in the chromatogram obtained with test
solution (a) is not more intense than the spot in the
chromatogram obtained with reference solution (c)
(0.25 per cent). The test is not valid unless the
chromatogram obtained with reference solution (d) shows
two clearly separated spots. Disregard any spots remaining on
the line of application.

Water (2.5.12)
Not more than 0.5 per cent, determined on 1.00 g by the
semi-micro determination of water.

Sulfated ash (2.4.14)
Nor more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 10 mL of anhydrous acetic add R with
gentle heating and dilute to 70 mL with the same acid.
Titrate with 0.1 1\1 perchloric add using 0.25 mL of
naphtholbenzein solution R as indicator until the colour
changes from brownish-yellow to green.

I mL of 0.11\1perchlonc acid is equivalent to 11.61 mg of
CIOH,oN,O•.

(Ph. Eur. monograph 0424)

Piperazine Citrate
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"Ell _

____________________ PhE..

Second identification: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dry the substance to be examined and the
reference substance ill vacuo (2.2,32) for 48 h) powder the
substances avoiding uptake of water) prepare discs and record
the spectra without delay.

Comparison piperazine hydrore CRS.
B. Examine the chromatograms obtained in the test for
related substances after spraying with the ninhydrin solutions,

Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position) colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

C. Dissolve 0.5 g in 5 mL of d#ure sodium hydroxide
solution R. Add 0.2 mL of benzqyl chloride R and mix.
Continue to add benwyl chloride R in portions of 0.2 mL
until no further precipitate is formed. Filter and wash the
precipitate with a total of 10 mL of water R added in small
portions. Dissolve the precipitate in 2 mL of hot ethanol
(96 per cene) R and pour the solution into 5 mL of water R.
Allow' to stand for 4 h) filter, wash the crystals with waterR
and dry at 100-105 "C. The crystals melt (2.2.14) at 191 "C
to 196 "C.

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
20 rnL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Ba (2.2.2, kfethod11).

pH (2.2.3)
10.5 to 12.0 for solution S.

Related substances
Thin-layer chromatography (2.2.27).

So/ventmixture anhydrous ethanol R) concentrated ammonia R
(40:60 VIV).

Test solution (a) Dissolve 1.0 g of the substance to be
examined in 6 mL of concentrated ammonia R and dilute to
10 mL with anhydrous ethanol R.
Tesr solution (b) Dilute 1 mL of test solution (a) to 10 mL
with the solvent mixture.

Reference solution (a) Dissolve 0.1 g ofpiperazine
hydrate CRS in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Reference solution (b) Dissolve 25 mg of ethylenediamine R in
the solvent mixture and dilute to 100 mL with the solvent
mixture.
Reference solution (c) Dissolve 25 mg of methylenediamine R
in the solvent mixture and dilute to 100 mL with the solvent
mixture.

Reference solution (d) Dissolve 12.5 mg of
triethylenediamine R in 5.0 mL of test solution (a) and dilute
to 50 mL with the solvent mixture.

Plate Suitable silica gel as the coating substance.

1Hobl1e phase concentrated ammonia R) acetone R (20:80 VIV)j
use a freshly prepared mixture.

Application 5~.

Developmenr Over a path of 15 em.

Drying At 105 "C.

Detection A Spray successively with a 3 gIL solution of
ninhydrin R in a mixture of 3 volumes of anhydrous acetic

142-63-2

. 6H,o

194.2C,HION,,6H,O

Action and use
Anthelminthic.

Apply separately to the plate 5 ~L of each solution. Develop
over a path of 15 em using a freshly prepared mixture of
20 volumes of concentrated ammonia Rand 80 volumes of
acetone R. Dry the plate at J05 °C and spray successively
with a 3 gIL solution of ninhydri" R in a mixture of
3 volumes of anhydrous acetic acidR and 100 volumes of
butanol R and a J.5 gIL solution of ninhydrin R in anhydrous
ethanol R. Dry the plate at 105°C for 10 min. Any spot in
me chromatogram obtained with test solution (a), apart from
the principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (b)
(0.25 per cent). Spray the plate with 0.05 M iodine and allow
to stand for about 10 min. Any spot corresponding to
triethylenediamine in the chromatogram obtained with test
solution (a) is not more intense than the spot in the
chromatogram obtained with reference solution (c)
(0.25 per cent). The test is not valid unless the
chromatogram obtained with reference solution (d) shows
2 clearly separated spots. Disregard any spots remaining on
the line of application.

Water (2.5.12)
10.0 per cent to 14.0 per cent, determined on 0.300 g by the
semi-micro determination of water.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 10 mL of anhydrous acetic acidR with
gentle heating and dilute to 70 mL with the same acid.
Titrate with 0.1 M perchlonc acidusing 0.25 mL of
uaphtholbenzein solution R as .indicator until the colour
changes from brownish-yellow to green.

1 mL of 0.1 M perchloric acid is equivalent to 10.11 mg of
C24H,uSN60 1ol'

(Ph. Eur. monograph 0425)

Piperazine Hydrate

DEFINITION
Piperazine hexahydrate.

Content
98.0 per cent to 101.0 per cent.

CHARACIERS
Appearance
Colourless, deliquescent crystals.

Solubillty
Freely soluble in water and In ethanol (96 per cent).

mp
About 43 "C.

IDENTIFICATION
First identification: A.
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with 10 mL of iced waterand drying at 105°, is about 159°,
Appendix V A.

C. A solution yields the reactions characteristic of phosphates,
Appendix VI.

TESTS
Acidity
pH of a 1% wlv solution, 6.0 to 6.5, Appendix V L.

Water
8.0 to 9.5% w/w, Appendix IX C. Use 0.25 g.

ASSAY
Dissolve 0.2 g in a mixture of 3.5 mL of O.5M sulfunc add
and 10 mL of water. Add 100 mL of picric add solution Rl,
heat on a water bath for 15 minutes and allow to stand for
I hour. Filter through a sintered-giass filter (ISO 4193,
porosity grade 4, is suitable) and wash the residue with
successive 10 mL quantities of a mixture of equal volumes of
a saturated solution of picric add and 'looter until the washings
are free from sulfate. Wash the residue with five 10 mL
quantities of absolute ethanol and dry to constant weight at
100° to 105°. Each g of residue is equivalent to 0.3382 g of
C4HION2,HJP04.

acidRand 100 volumes of butanol R and a 1.5 gIL solution
of ninhydrin R in anhydrous ethanol R and dry the plate at
105 °C for 10 min.

LimitsA Any spot in the chromatogram obtained with test
solution (a), apart from the principal spot, is not more
intense than the spot in the chromatogram obtained with
reference solution (b) (0.25 per cent).

Detection B Spray with 0.05 1\<I iodine and allow to stand for
about 10 min.
LimitsB Any spot corresponding to triethylenediamine in
the chromatogram obtained with test solution (a) is not more
intense than the spot in the chromatogram obtained with
reference solution (c) (0.25 per cent).

System suitability Reference solution (d):
- the chromatogram shows 2 clearly separated spots.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 80.0 mg in 10 mL of anhydrous acetic acidR with
gentle heating and dilute to 70 mL with the same acid.
Titrate with 0.1 M perchloric acid using 0.25 mL of
naphrJwlbenzein solution R as indicator until the colour
changes from brownish-yellow to green.

1 mL of O.llW perchiotic acid is equivalent to 9.705 mg of
C4.HION2,6H20.

STORAGE
In an airtight container, protected from light.
___________~ Phf",

Piperazine Phosphate
r>.

HN NH ,H3PO.
'-./

Piracetam
(Ph. Eur. monograph 1733)

142.2

Action and use
Nootropic; cortical myoclonus.

**** ** ** ****

7491-74-9

DEFJNlTION
Piperazine Phosphate contains not less than 98.5% and not
more than 100.5% of C4HION2,HJP04, calculated with
reference to the anhydrous substance.

CHARACTERISTICS
A white, crystalline powder; odourless or almost odourless.

Sparingly soluble in water; practically insoluble in ethanol
(96%).

IDENTIFICATION
A. Dissolve 0.1 ginS mL of water, add 05 g of sodium
hydrogen carbonate, 0.5 mL of a 5% w/v solution of potassium
hexacyanoferratetut} and 0.1 mL of mercury. Shake vigorously
for 1 minute and allow to stand for 20 minutes. A reddish
colour is produced slowly.

B. Dissolve 0.2 g in 5 mL of 2Mhydrochloric acid, add with
stirring 1 mL of a 50% w/v solution of sodium nitrite and cool
in ice for 15 minutes, stirring if necessary to induce
crystallisation. The melting pointof the crystals, after washing

Action and use
Anthelminthic.

Preparations
Piperazine Phosphate Chewable Tablets

Piperazine Phosphate Tablets

C,H,oN"H3PO.,H,O 202.1 18534-18-4
Phf" _~ _

DEFINITION
2-(2-0xopyrrolidin-I-yl)acetamide.

Content
98.0 per cent to 102..0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, soluble in ethanol (96 per cent).

It shows polymorpbism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison piracelam CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in ethanol (96 percent) R, evaporate to
dryness on a water-bath and record new spectra using the
residues.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MetiwdII).

Dissolve 2.0 g in eaur R and dilute to J0 mL with the same
solvent.
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POE<r ~

•••• •• •• ••••

",0

(Pirenzepine Dihydrochloride Monohydrate, Ph. Eur.
monograph 2001)

Pirenzepine Hydrochloride

Calculate the percentage content of C6HlON202 taking into
account the assigned content of piracuom CRS.

STORAGE
Protected from light.

IMPURlTIES
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by one or other oj the tests
in the monograph. They are limited by thegeneral acceptance
criterion for orher/unspedfied impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not neassary /Q identify these impurities for
demonstration of compliance. See also5.10. Crmtrol of impurities
in substances jor pharmaceutical use) AJ B, CJ D.

D. (2-oxopyrrolidin-l-yl)acetic acid.
____________________ POE<r

B. methyl (z-oxopyrrolidin-f-yljacerate,

A. pytrolidin-2-one (2-pyrrolidone),

C. ethyl (2-oxopyrrolidin-I-yl)acetate,

C"H"CI,N,O"H,O 442.3

Action and use
Muscarinic M3 receptor antagonist.

DEFINITION
11-[(4-Methylpiperazin-l-yl)acetyl]-5,II-dihydro-6H-pyrido
[2,3-b] [1,4]henzodiazepin-6-one dihydrochloride
monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, waterR (10:90 VIV).

Testsolution (a) Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solventmixture.
Test solution (b) Dilute 10.0 mL of test solution (a) to
50.0 mL with the solvent mixture.

Reference solution (a) Dissolve 5 rng of the substance to be
examined and 10 pL of 2-pyrrolidone R (impurity A) in the
solvent mixture and dilute to 100 mLwith me solvent
mixture.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 20.0 mL with the solvent mixture.

Reference solution (c) Dissolve 50.0 mg of piracetam CRS in
the solvent mixture and dilute to 100.0 mL with the solvent
mixture. Dilute 10.0 mL of the solution to 50.0 mL with the
solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100per cem aqueous mobIle
phases R (5 pm).

Mobile phase Mix 10 volumes of acetomtrlle R1 and
90 volumes of a 1.0 &'L solution of dipotassium hydrogen
phosphate R; adjust '0 pH 6.0 with dilute phosphoric acid R.
Flow rate 1.0 m1Jmin.

Detection Spectrophotometer at 205 nrn.
Injection 20 j.lL of test solution (a) and reference
solutions (a) and (b).

Run time 8 times the retention time of piracetam.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to

impurity A.
Relativeretention With reference to piracetam (retention
time = about 4 min): impurity A = about 1.15;.

System suiutbility Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

piracetarn and impurity A;
- symmetry[actor: maximum 2.0 for the peakdue to

piracetam.

Calculation of percentage contents:
- for each impurity, use the concentration of piracetam in

reference solution (b).

Limits:
- unspecified impurities: for each impurity, maximum

0.05 per cent;
- /QUlI: maximum 0.3 per cent;
- reporting threshold: 0.03 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances with the following modifications.
Injection Test solution (b) and reference solution (c).
Run time 1.5 times the retention time of piracetam.
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CHARACTERS
Appearance
White or yellowish, crystalline powder.

Solubility
Freely soluble in water, slightly soluble in methanol, very
slightly soluble in ethanol, practically insoluble in methylene
chloride.

IDENTIFICATION
First identification: B, D.

Secondidentification: A, C, D.

A. Dissolve 30.0 mg in methanol R and dilute to 100.0 mL
with the same solvent. Dilute 10.0 mL of the solution to
100.0 mL with methanolR. Examined between 240 nm and
360 nm (2.2.25), the solution shows an absorption maximum
at 283 om. The specific absorbance at the maximum is
190 to 205 (anhydrous substance).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pirenzepine dihydrochlO1ide monohydrate CRS.

C. Examine the chromatograms obtained in the test for
impurity D.

Results The principal zone obtained in me chromatogram
obtained with test solution (b) is similar in position, colour
and size to the principal zone in the chromatogram obtained
with reference solution (d).

D. To 0.2 mL of solution S (see Tests) add 1.8 mL of
waterR. The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon "dioxide-free waterR and dilute to
25 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution GY5 (2.2.2, MerhodIf).

pH (2.2.3)
1.0 to 2.0 for solution S.

Impurity D
Thin-layer chromatography (2.2.27).

Test sdution (a) To 0.10 g add 0.1 mL of concentrated
ammonia R and dilute to 10 mL with methanolR.

Test sdution (b) Dilute I ml, of test solution (a) to 10 mL
with methanolR.

Reference sohuion (a) To 0.1 g ofpirenzepine dihydrochloride
monohydrate CRS add 0.1 mL of concentrated ammoniaRand
dilute to 10 mL with methanolR.

Reference sohuion (b) Dissolve 25 mg of methylpiperazine R
in methanolR and dilute to 25 mL with the same solvent.
Dilute 2.0 mL of the solution to 100 mL with methanol R.

Reference solution (c) Dilute 5 mL of test solution (a) to
100 mL with methanolR. Dilute 4 mL of this solution to
100 mL with methanolR. Mix I mL with I mL of reference
solution (b).

Reference solution (d) Dilute 1 mL of reference solution (a)
to 10 mL with methanolR.
Plate TLC silica gel plat< R.

iHobile phase concentrated ammonia R, methanolR, ethyl
acerat< R, toluene R (7:25:28:40 VIVIVIV).

Application 20 ~L as zones of 20 mm by 2 mm.

Deoelopmenc Over 213 of the plate.

Drying In air.

Pirenzepine Hydrochloride II-645

Detection Expose the plate to iodine vapour until the zone
in the chromatogram obtained with reference solution (b) is
dearly visible (at most 60 min).

System suitability The test is not valid unless the
chromatogram obtained with reference solution (c) shows
2 clearly separated zones.

Limit:
- impurityD: any zone corresponding to impurity D in the

chromatogram obtained with test solution (a) is not more
intense than the zone in the chromatogram obtained with
reference solution (b) (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.30 g of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent. To 1.0 mL of the solution add 5 mL of methanolR
and dilute to 10.0 mL with mobile phase A.

Reference solution (a) Dilute 2.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solution (b) Dissolve 0.1 g of I-phenylpiperazine R
in methanolR and dilute to 10 mL with the same solvent.
Mix 1 mL of the solution with I mL of the test solution, add
5 mL of methanolR and dilute to 10 mL with mobile
phase A.

Column:
- size: 1= 0.125 m, 0 = 4.6 mm,
- stationary phase: octad«ylsilyl silica gelfor chromatography R

(5 pm).

Mobile phase:
- mobile phaseA: dissolve 2.0 g of sodium dodecyl sulfate R in

waterR, adjust to pH 3.2 with acetic acid R and dilute to
1000 ml, with waler R,

- mobile phaseB: methanol RJ

- mobile phase C: acetonitrile RJ

Tim. MobUe phase A MobUe phase B Moblle phase C
(min) (per cent V/V) (per cent V/V) (per cent V/J1

o ~ 15 55 -. 25 30 15 -. 45

15 - 18 25 -. 20 30 -. 0 45 -. 80

Flow rate I mUmin.

Detection Spectrophotometer at 283 run.

Injection I0 ~L.

System suitabIlity Reference solution (b):
- resolun'on:' minimum 5.0 between the peaks due lO

pirenzepine and l-phenylpiperazine.

Limits:
- any irnpun"cy: not more than the peak area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.2 pet cent),

- total: not more than 2.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.5 per cent),

- disregard limti: 0.2 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.04 per cent).

Water (2.5.12)
3.5 per cent to 5.0 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, detennined on l.0 g.
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___________________ PhE"

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Yellowish-white or yellowish powder.

Solubility
Veryslightly soluble in water, sparingly soluble in anhydrous
ethanol.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison piretanide CRS.
If the spectra obtained show djfferences, dissolve me
substance to be examined and the reference substance
separately in acetone R, evaporate to dryness and record new
spectra using the residues.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not moreintensely coloured
than reference solution GY4 (2.2.2, iW.ethod II).

Dissolve 0.1 g in methanol R and dilute to 10 mL with the
samesolvent.
Related substances
liquid chromatography (2.2.29).

Solvent mixture anhydrous ethanol R, acetomtnle R, water R
(10:45:45 VIVIV).

Test solution Dissolve20 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 5 mg of piretanide for system
,uiU1bihiy CRS (containing impurities A, Band C) in the
solvent mixture and dilute to 10.0 mL withthe solvent
mixture.
Reference solution (b) Dilute 0.3 mL of the tesr solution to
100.0 mL withthe solvent mixture.
Column:
- size: 1= 0.125 m, 0 = 4 mm;
- 'U1twnary phase: a<ty/silyl silica gelfor chromaU1graphy R

(5 urn).

Atlobi/e phase A mixture of 35 volumes of acetoniuile Rl and
65 volwnesof a solution prepared as follows: add 1 mL of
mjluoroacetk acid R to 500 mL of waterfor chromatography R,
add I mL of triethylamine R and dilute to 1000 mL with
waterfor chromatography R.
Flow rate I mIlmin.
Detection Spectrophotometer at 232 nm.
Injeetion 10 l'!-.
Run time 5 times the retention timeof piretanide.
ldemifiauion of impun·ties Use the chrornatograrn supplied
with piretanide for system SUiU1bility CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, Band C.
Relative retention With reference (0 piretanide (retention
time =about 10 min): impurity A =about 0.8;
impurity B =about 3.1; impurity C =about 4.1.

System suitability Reference solution (a):
- resolution: minimum 2 between the peaks due to

impurity A and piretanlde.

**** ** *
*****

55837-27-9362.4

B. 5,II-dihydro-6H-pyrido[2,3-b] [l,4]bem:odiazepin-6-one,

ASSAY
Dissolve 0.300 g in 50 mL of u'aterR. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Readthe volume at the first pointof inflection.
I mL of 0.1 M sodium hydroxide is equivalent to 42.43 mg of
C19H23CIzN502'

STORAGE
Protected from light.

IMPURITIES

C. 6-[[(4-methylpipernzin-I-yl)acetyl)amino]-IIH-pyrido[2,1­
b]quinazolin-Il-one,

A. 11-(chioroacetyl)-5, II-dihydro-6H-pyrido[2,3-b] [1,4]
benzodiezepin-ti-one,

o 0_'S':yco,H
H,N I

o '"

06

D. I-methylpiperazine.

(ph. Eur. monograph 1556)

Piretanide

Action and use
Thiazidediuretic.

Pl>E" ~ _

DEFINITION
4-Phenoxy-3-(pyrrolidin-I-yl)-5-sulfamoylbenzoic acid.
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PhE... _

DEFINmON
5-Methyl-I-phenylpyridin-2(1H)-one.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or pale yellow, crystalline powder.

Solubility
Sparinglysoluble in water, freely soluble in ethanol
(96 per cent), slightly soluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison piifemiWne CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Ten solution (aJ Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Test solution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with the mobile phase.

Reference sokuion (a) Dilute 1.0 mL of test solution (b) to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of 5-merhylpyridin-2­
amineR (impurity A) and 5 mg of 5-methylpyridin-2(IH)­
oneR (impurity B) in methanol R and dilute to 100 mL with
the same solvent. Dilute 1 mL of the solution to 100 mL
with the mobile phase.

Reference solution (c) Dissolve 50.0 mg of piifenidone CRS in
the mobile phase and dilute to 50.0 mL with the mobile
phase. Dilute 5.0 mL of the solution to 50.0 mL with the
mobile phase.

Column:
- size: I ;;;; 0.25 m, 0 ;;;; 4.6 nun;
- stationary phase: octylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 40 "C.

Mobile phase Add 0.9 mL of triethylamine R2 to 650 mL of
waterfor chromatography R and adjust to pH 3.0 with
p/wsphoric acidR. Mix 650 mL of this solution, 130 mL of
methanol R2 and 220 mL of acetonitrile Rl.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 run.

Injection 15 ilL of test soJution (a) and reference
solutions (a) and (b).

**** ** ** ****

53179-13-8

o
H3C~"A/

~o

185.2

(Ph. Eur. monograph 2856)

Pirfenidone

Action and use
Treatment of idiopathic pulmonaryfibrosis.

~CO,H

"\oJy
6

Limits:
- impurities A, B, C: for each impurity, not more than the

area of the principal peakin the chromatogram obtained
with reference solution (b) (0.3 per cent);

- unspecified impurities: for each impurity, normore than
0.33 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than3.33 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.0 per cent);

- disregard limit: 0.17 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 25 mL of anhydrous acetic acid R. Titrate
with 0.1 Atf perchloric acid, determining me end-point
potentiometrically (2.2.20).

I mL of 0.1 M perch/one acid is equivalent to 36.24 mg
of C17HlSN205S.

STORAGE
Protected from light.

IMPURITIES
Specified impumies A, /3, C.

A. 4-phenoxy-3-(IH-pyrrol-l-yl)-5-sulfamoylbenzoic acid,

B. methyl-3-[[(dimethylamino)methylidene]sulfamoyl]-4­
phenoxy-5-(pyrrol idin-I-yl)benzoate,

c. 4-(pyrrolidin-I-yl)dibenzo[b,dlfuran-2-carboxylic acid.
____________________ PhE...
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36322-9(j.4331.4

(Ph. Eur. monograph 0944)

DEFINITION
4-Hydroxy-2-methyl-N-(pyridin-2-yl)-2H-I,2-benzothiazine­
3-carboxamide Ij l-dioxide.

Content
98.5 per cent to 101.0 percent (dried substance).

CHARACTERS
Appearance
Whiteor slightly yellow, crystalline powder.

Solubility
Practically insoluble in water, soluble inmethylene chloride,
slightly soluble in anhydrous ethanol.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.2<f).
Comparison piroxicam CRS.
If the spectra obtained in the solid stateshow differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of methylene
chloride RJ evaporate to dryness on a water-bath and record
new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution Dissolve 75 mg of me substance to be
examined in acetonitrile Rt, warming slightly if necessary, and
dilute to 50.0 mL withthe same solvent.
Reference solurion (aJ Dissolve7 mg of piroxicam for system
suitabJ1ity CRS (containing impurities A, BJ DJ G andD in
acelOm'm1e Rl and dilute to 5.0 mLwiththesame solvent.
Reference solution (b) Dilute 1.0 mL of the lest solution to
10.0 mL with acewnitrile RI. Dilute 1.0 mL of this solution
to 50.0 mLwithacetonitrile Rl,

Column:
- size: I =0.25 ID J 0 =4.6 mm;
- stationary phase: base-delKtivated end-capped ocradecylsl1yl

SIlica gelfor chromarography R (5 pm),
- temperature: 50 'C.

lyJobile phase Mix 30 volumes of acetonitrile Rl and
70 volumes of a 6.81 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 3.0 with plwsphoric
acidR.
Flow rate 1.0 mIlrnin.

Action and use
Cycle-oxygenase inhibitor, analgesic; anti-inflammatory.

Preparations
Piroxicam Capsules
Piroxicam Gel

Piroxicam

Pf>E" _

f**Y0H

V

Run lime 4 times the retention time of pirfenidone.
Identification of impuruies Use the chromatogram obtained
with reference solution (b) to identify the peaks due to

impurities A and B.

Relativeretention With reference to pirfenidone (retention
time = about 10 min): impurityA = about 0.35;
impurity B = about 0.4.

System suitafn7ity Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurities A and B.
Calculation of percentage rontents:
- for each impurity, use the concentrationof pirfenidone in

reference solution (a).

Limits:
- unspecified impurities: for each impurity, maximwn

0.05 percent;
- total: maximum 0.2 percent;
- reporting threshold: 0.03 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent) determined on 1.000 g by drying at
80 DC at a pressure not exceeding 75 kPa for 4 h.

SuHated ash (2.4.I<f)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (c).
Calculate the percentage content of Cl 2HuN O taking into
account me assigned content of pirfenidone CRS.

IMPURITIES
Other detectable impuri,ies (the following subsIanw would, if
presem at a sufficiem leud, bedetected by one orotherof the tests

in themonograph. They are limited by the general aaeptall<e
ctitenon for other/unspecified impurities andlor by the general
monograph Substances for pharmaceutical use (2034). 1, is
therefore nor netessary to idenrify these impun·rits for
demonstration of compliance. See also 5.10. Control of impun·ties
in substances forpharmaceutical use) AJ B} C~ D.

H3C~";lH

~o

A. 5-methylpyridin-2-amine,

B. 5-methylpyridin-2(1H)-one,

C. phenol,

_____________________ Pf>E"

D. bromobenzene.
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Detection Spectrophotometer at 230 run.

Injection 20 iu,

Run time 5 rimes the retention time of piroxicam.

Identifiauion 0/impurities Use the chromatogram supplied
with piroxicam for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due [Q impurities A, B, D, G and J.
Relanue retention With reference to piroxicam (retention
time = about 16 min): impurity A = about 0.1;
impurity D = about 0.6; impurity G = about 0.7;
impurity B =about 0.8; impurity J =about 1.8.

Systemsuitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurities G and B.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 0.6;
- impurities A.. B, D, G, J: for each impurity, not more than

the area of me principal peak in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.4 pet cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 105°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 60 mL of a mixture of equal volwnes of
acetic anhydride R and anhydrous acetic acid R. Titrate with
0.1 Al perchknic acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 Al perchlonc acid is equivalent to 33.14 mg
of Cl'jH13N30..S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, D, G, J.
Otherdetectable impurities (thefollowing subsrances wauld, if
presem at a sufficient IttVeJ, be detected by om or otherof the tests
in the monograph. They are limitedby thegeneral acceptance
cruerion for other/unspecified impurities and/orby the general
monograph Subslancesfor phannaceulica1 use (2034). II is
therefore not necessary UJ identify these impuniies for
demonstration ofcompliance. See also5.10. Control of impurities
in substances for pharmaceutkal use) C, E, F, H, IJ K, L.

H,NJ("J
NJ

A. pyridin-2-amine,

Piroxicam II-649

B. 4-hydroxy-N-(pyridin-2-yl)-2H-l,2-benzothiazine-3­
carboxamide Ll-dioxide,

o 0
\\ I)"

(i(S'rCH
'

~NH2

OH a

c. 4-hydroxy-2-methyl-2H-l,2-benzothiazine-3-catboxamide
Ll-dicxide,

D. methyl (I, I-dioxido-3-oxo-l,2-benzisothiawl-2(3H)-yl)
acetate,

E. ethyl (I, l-dioxido-3-oxo-l,2-benzisothiazol-2(3H)-yl)
acetate,

F. I-methylethyl (l,l-dioxido-3-oxo-l,2-benzisothiazol-2
(3H)-yl)acetate,

G. methyl 4-hydroxy-2H-I,2-benzothiazine-3-catboxylate
Lj-dioxide,

a 0

(Y''s'''7H

~O,-/CH'.
OH 0

H. ethyl 4-hydroxy-2H-I,2-benzothiazine-3-carboxylate
Ll-dioxide,
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Solubility
Practically insoluble in water, freely solublein methanol,
soluble in anhydrous ethanol. It dissolves in dilute acids.

IDENTIFICATION
First idencification: A.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison pivampia'Uin CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to he
examined in 2 mL of methanol R.

Reference solution (a) Dissolve 10 mg of pivampiC17lin CRS in
2 mL of methanol R.
Reference solution (b) Dissolve 10 mg of bacampicillin
hydrochloride CRS, 10 mg of pivampiciUin CRS and 10 mg of
talainpicillin hydrochloride CRS in 2 mL of methanol R.
Plate TLC silanised silica gelplateR.
Mobile phase Mix 10 volumes of a 272 gIL solution of
sodium acetate R adjusted to pH 5.0 withglacial acetic acidR)
40 volumes of waterRand 50 volumes of ethanol
(96 percent) R.
Application I ~L.

Development Over a path of 15 em.
Drying In a current of warm air.
Detection Spray with ninhydrin solution Rl and heat at 60 "C
for 10 min.
System suitability Reference solution (b):

- the chromatogram shows 3 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtainedwith
reference solution (a).
C. Place about 2 mg in a test-tube about 150 mm long and
15 mm in diameter. Moisten with 0.05" mL of waterRand
add 2 mL of sulfuric acid-formaldehyde reagent R. Mix the
contents of the tube by swirling; the solution is almost
colourless. Place the test-tube in a water-bath for 1 min;
a dark yellow colour develops.

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension IT (2.2.1) and not more intenselycolouredthan
reference solution B7 (2.2.2, Methodl).

Dissolve 50 mg in 12 mL of 0.1 M hydrochloric acid.

Specific optical rotation (2.2.7)
+ 208 to + 222 (anhydrous substance).

Dissolve 0.100 g in 5.0 mL of ethanol (96 percent) Rand
dilute to 10.0 mL with 0.1 M hydrochknic acid.

Triethanolamine
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.100 g of the substance to be
examined in 1.0 mLora mixture of 1 volume of waterR and
9 volumes of acetonitrile R.
Reference solution Dissolve 5.0 mg of triethanolamine R in a
mixtwe of 1 volume of waz.er Rand 9 volumes of .
acetonitrile R and dilute [0 100 mL with the same mixture of
solvents.
Plate TLC silica gelplate R.

33817-20-8463.6

Action and use
Antibacterial.

o 0

o H~. »<: ~CH,o 0
H NH.2 Nen. ~-)--~- CH, H,C CH,

.,- I -H--s CH,
H H

o

PhE" _

L. l-methylethyI4-hydroxy-2-methyl-2H-I,2-benzothiazine­
3-carboxylate 1,1-dioxide.

(ph. Eur. monograph 0852)

K. ethyl 4-hydroxy-2-methyl-2H-I,2-benzothiazine-3­
carboxylate I,l-dioxide,

J. methyI4-hydroxy-2-methyl-2H-I,2-benzothiazine-3­
carboxylate Lt-dicside,

o 0
\' 'I

('yS'f
CH,

~O........"..CHJ

OH 0

Pivampicillin

I. l-methylethyI4-hydroxy-2H-I,2-benzothiazine-3­
carboxylate Ll-dioxide,

DEFINITION
Methylene (2S,5R,6R)-6-[[(2R)-2-amino-2­
phenylaceryl]amino]-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]heptane-2-earboxylate
2,2-dimethylpropanoate.
Semi-synthetic productderived from a fermentation product

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

____________________ PhEll

www.webofpharma.com



2022

klobile phase methanol R, butanol R, phosphate bujff1r solution
pH 5.8 R, glacial acetic acid R, bUI,)'l autate R
(S:IS:24:40:80 VIVIVIVIV).

Application I0 ~L.

Development Over a path of 12 em.

Drying At 110 °C for 10 min and allow to cool.

Chlorine treatment Place at the bottom of a chromatographic
tank an evaporating dish containing a mixture of I volume of
hydrochloric acid Rl, 1 volume of waterRand 2 volumes of a
15 gIL solution of potassium permanganaie R; close the tank
and allow to stand for 15 min; place me dried plate in the
tank and close me tank; leave the plate in contact with the
chlorine vapour in the tank for 15-20 min; withdraw the
plate and allow it [0 stand in air for 2-3 min.

Detection Spray with tetramethy/diaminodiphenylmethane
reagent R.

Limit:
- triethanolamine: any spot due (Q triethanolamine is not

more intense than the corresponding spot in the
chromatogram obtained with the reference solution
(O.OS per cent).

Related substances
Liquid chromatography (2.2.29). Prepare the sdmions
immediately before use.
Test solution Dissolve 50.0 mg of the substance [Q be
examined in 10.0 mL of acetonitrile R and dilute [Q 20 mL
with a I gIL solution ofphosphoric acidR.
Reference solution Mix 2.0 mL of the test solution with
9.0 mL of acetonitrile Rand 9.0 mL of a I gIL solution of
phosphoric acid R. .

Column:
- size: / =0.125 m, 0 =4 mm;
- stationary phase: end-capped oayIsilyl silica gelfor

chromatograp/ry R.

Mobile phase:
- mobile phase A: mix SO volumes of a 1.32 gIL solution of

ammoniumphosphate R, adjusted to pH 2.5 with a 100 gIL
solution ofphosphoric acidR, and 50 volumes of
acetonitrile R; ,

- mobile phase B: mix 15 volumes of a 1.32 gIL solution of
ammoniumphosphate R, adjusted to pH 2.5 with a 100 gIL
solution of phosphoric acidR, and 85 volumes of
acetonitrile R;

Tim. Mobile phase A Mobile phase B
(min) (per cent VIJo) (per cent VIJI)

0-10 100 0

to -12 0 100

12 - 17 100 0

FIQ'W rate 1.5 mUmin.

Detection Spectrophotometer at 220 nm.

Injection SO IJL.
Retention time Pivampicillin dimer = about 5 min.

Systemsuitability Reference solution:
- ratio of the mass distribuuon ratio: minimum 12 for the peak

due to pivampicillin dimer to that of the peak due to
pivampicillin (principal peak).

Limits:
- total: not more than 0.3 times the area of the principal

peak in the chromatogram obtained with the reference
solution (3 per cent);

Pivampicillin H-651

- disregard limit: 0.01 times the area of the principal peak in
the chromatogram obtained with the reference solution
(0.1 per cent).

N,N-Dimethylaniline (2.4.26, MethodH)
Maximum 20 ppm.

Test solution To 1.00 g of the substance to be examined in a
ground-glass-stoppered tube add 10 mL of 0.5 M suI/uric
acid. Heat the tube for 10 min in a water-bath, cool and add
IS mL of 1 M sodium hydroxide and 1.0 mL of the internal
standard solution. Stopper the tube and shake vigorously for
1 min. Centrifuge if necessary and use the upper layer.

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.30 g.

Sulfated ash (2.4.14)
Maximum 0.5 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29). Use the solutions within 2 h of
preparation.

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase. Dilute 10.0 mLofthis solution (Q

SO.O mL with the mobile phase.

Reference solution (a) Dissolve SO.O mg of pivampicillin CRS
in the mobile phase and dilute to 50.0 mL with the mobile
phase. Dilute 10.0 mL of this solution to 50.0 mL with the
mobile phase.

Reference solution (b) Dissolve 2S.0 mg of propyl
parahydroxybenzoau CRS in the mobile phase and dilute to
SO.O mL with the mobile phase. Dilute 10.0 mL of the
solution to SO.O mL with the mobile phase. Mix S.O mL of
this solution with 5.0 mL of reference solution (a).

Column:
- size: 1= 0.125 m, 0 = 4 mm;
- stationary phase: oetadecylsilyl silica gelfor chromatography R

(S JUIl).

lWobile phase Mix 40 volumes of acetonitrile Rand
60 volumes of a 2.22 gIL solution of phosphon·c acidR
adjusted to pH 2.5 with triethylamine R.
Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 om.

Injution 20 ~L.

System suitabuity:
- resolution: minimum 5.0 between the peaks due to

pivampicillin (I" peak) and propyl parahydroxybenzoate
(2nd peak) in the chromatogram obtained with reference
solution (b);

- symmetry factor: maximum 2.0 for the peak due to
pivampicillin in the chromatogram obtained with
reference solution (b);

- repeatability: maximum relative standard deviation of
1.0 per cent after 6 injections of reference solution (a).

Calculate the percentage content of C22H29N306S from the
declared content of pivampicillin CRS.

STORAGE
In an airtight container.
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IMPURITIES Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
\'(!hite or almost white, crystalline powder.

Solubility
Freelysoluble in water, in anhydrous ethanoland in
methanol, slightly soluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison pivmecillinam hydrochloride CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension II (2.2.1) andnot more intensely coloured than
reference solution Bs (2.2.2, MethodI).

Dissolve0.5 g in waterR and dilute to 10 mL with the same
solvent.

pH (2.2.3)
2.8 to 3.8.

Dissolve 1.0 g in carbon dioxide-free walerR anddiluteto
10 rnLwith the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Solvetlt mixture To 45 volumes of aceuminiie R add
55 volumes of a 13.5 gIL solution of patassium dihydrogen
phosphate R previously adjusted to pH 3.0 with di/ltte
pho,phoric acidR.

Test solution (a) Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 200.0 mL with
the solvent mixture.
Testsolution (b) Dissolve 25.0 mg of the substance to be
examined in the solventmixture and dilute to 25.0 rnLwith
the solvent mixture.
Reference solution (a) Dissolve 20.0 mg of pivmea71inam
hydrochloride GRS in the solvent mixtwe and dilute to

200.0 mL with the solventmixture.
Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 50.0 mL with the solventmixture.
Reference solution (c) Dissolve 5 mg of pivmecillinam
hydrochloride CRS and 5 mg of plvntecillinam impurity C CRS
in the solvent mixture, and dilute to 50 rnLwith the solvent
mixture.
Column:
- size: 1= 0.25 m, 0 = 4.0 rom; .
- stationary phase: octade<y/si/yl silica gelfor chromatography R

(5 pm).

Mobile phase Dissolve 0.55 g of tetraethylammonium hydrogen
sulfate Rand 1.0 g of tetramethylammonium hydrogen sulfate R
in the solventmixture and dilute to 1000 mL with the
solvent mixture.
Flow rate 1.0 rnUmin.

Detection Spectrophotometer at 220 nm.
Injection 20 I!L of test solution (b) andreference
solutions (h) and (c).

Runlime 3 times the retention time of pivmecillinarn.

"

HCI

32887-03-9476.0

/

H 0 0

H.. »<: JxCH3
#'" ~ S CH3
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~ "H-s CH3
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B. methylene (4S)-5,5-dimethyl-2-(3,6-dioxo-5­
phenylpiperazin-2-yl)thiazolidine-4-carboxylate
2,2-dimethylpropanoate (dikeropiperazines of
pivampicillin),

A. 2-[[(2R)-2-amino-2-phenylacetyl]amino]-2-[(4S) -4­
[[[(2,2-<!imethylpropanoyl)oxyjmethoxyjcarbonyl]-5,5­
dimethyhhiazolidin-2-yl]acetic acid (penicilloic acids of
pivampiclllin),

(Ph. Eur. monograph 1359)

C. co-oligorners of pivampicilJin and of penicilloic acids of
pivampicillin.

Pivmecillinam Hydrochloride

__~ PhE"

PhE" __~ ~_

Action and use
Antibacterial.

DEFINITION
Methylene 2,2-dimethylpropanoate (2S,5R,6R)-6­
[[(hexahydro-IH-azepin-l-yl)methylene]amino]-3,3-dimethyl­
7-oxo-4-thia-l-azabicyclo[3.2. Ojheptane-2-<:arboxylate
hydrochloride.

Semi-synthetic product derived from a fermentation product.

www.webofpharma.com
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System suitability Reference solution (c):
- resdution: minimum 3.5 between the peaks due to

plvmecillinam (lSl peak) and impurity C (2nd peak).

Limits:
- any impuniy: for each impurity) not more than 1.5 times

the area of the principal peak in the chromatogram
obtained with reference solution (b) (1.5 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(3 per cent);

- disregard limit. 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.1 per cent).

N,N-Dimethylan11ine (2.4.26, MethodA)
Maximum 20 ppm.

Testsolution Prepare as described in the general method but
heat at about 27 °C after the addition of strong sodium
hydroxide solution R, to dissolve the precipitate formed, men
add the trimethylpenrane R.

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Injection Test solution (a) and reference solution (a).

Systemsuitability Reference solution (a):
- repearability: maximum relative standard deviation of

1.0 per cent after 6 injections.

Calculate the percentage content of C21H34CIN305S from
the declared content of pivmecillinam hydrochloride CRS.

STORAGE
Protected from light, at a temperature of2 DC to 8 DC.

IMPURITIES

A. methylene (2S,SR,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia­
l-azabicyclo[3.2.0)heptane-2-carboxylate
2,2-dimethylpropanoate (pivaloyloxymethyl
6-aminopenicillanate),

B. 2-[[(hexahydro-IH-azepin-I-yl)methylene)amino)-2-[(4S)­
4- [[[(2,2-dimethylpropanoyl)oxy) methoxy) catbonyl)-S,S­
dimethylthiazolidin-2-yl]acetic acid (penicilloic acids of
pivmecillinam),

Pizotifen Malate II-653

~
.. 0 »<: 1 .CH,

HN 0 0' X

O
N~N I. CH, H,C CH,

-c-">5 CH3

C. methylene 2,2-<1imethylpropanoate (2RS,4S)-2-
[[[(hexahydro-IH-azepin-I-yl)methylene)amino)methyl)­
5,5-dimethylthiazolidin-4-carboxylate,

o °

~
. -<: JlCH,

HN 0 0' X
H~ CH3 H3C CH3

O"",Nj,,_ S CH,

0°
D. methylene 2,2-<1imethylpropanoate (4S)-2-[1­

(formylamino)-2-(hexahydro-IH-azepin-I-yl)-2-oxoethyl)­
S,S-<limethylthiazolidin-4-carboxylate.

_______~ PhE"

Pizotifen Malate

d H OH

'HOOC~COOH
N,
Me

C19H2INS,C,H,O, 429.5 5189-11-7

Action and use
Serotonin (5HT) receptor partial agonist; prophylaxis of
migraine.

Preparation
Pizotifen Tablets

DEFINITION
Pizotifen Malate is 9, I0-dihydro-4-( l-methylpiperidin-4-
ylidene) -4H-benzo[4,S)cyclohepta[1,2-b) thiophene hydrogen
malate. It contains not less than 98.5% and not more than
101.5% of CI9H21NS,C4H605' calculated with reference to
the dried substance.

CHARACTERISTICS
A white or slightly yellowish white, crystalline powder.

Very slightly soluble in waltT; slightly soluble in ethanol
(96%); sparingly soluble in methanol.

JDENfIFICATION
A. The irfroredabsorption spectrum, Appendix II A, is
concordant with the reference spectrum of pizotifen malate
(RS 277).

B. In the test for Related substances, the principal spot in the
chromatogram obtained with solution (2) corresponds to that
in the chromatogram obtained with solution (5).

C. Carry our the method for thin-layer chromatography,
Appendix III A, using silica gel G as the coating substance
and a mixture of 70 volumes of isopropyl ether, 25 volumes of
anhydrous lonnie add and 5 volumes of water as the mobile
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PhE" __~ c-__~ _

DEFINITION
(5R,5aR,8aR,9R)-9-Hydroxy-5-(3,4,5-trimethoxyphenyl)­
5,8,8a, 9-tetrahydrofuro[3',4':6,7]naphtho[2,3-d] [I ,3)dioxol-6
(5aH)-one.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, very solublein acetone, soluble
in methanol.
It shows polymorphism (5.9).

mp
About 184 °C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison podophyllotoxin CRS.
If the spectraobtained in the solid state show differences)
dissolve the substance to be examined and the reference
substanceseparately in acetone R, evaporate to dryness and
record new spectra using the residues.

TESTS
Specific optical rotation (2.2.7)
-112 to -107 (anhydrous substance).

Dissolve 0.200 g in anhydrous ethanol R and dilute to

20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in 10.0 mL of the mobilephaseusing sonication
for 30 min and dilute to 25.0 mL with the mobile phase.

Reference solution (aJ Dilute 1.0 mL of the test solution to

50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobilephase.
Reference ·sollltion (b) Dissolve 5 rng of podophyOoUJxin for
system suitability CRS (containing impurities A and C) in
5 mL of the mobile phase.

Reference solution (c) Dissolve 25.0 mg of
podophyOotoxin CRS in 10.0 mL of the mobile phase using
sonication for 30 min and dilute to 25.0 mLwith the mobile
phase.

**** ** ** ****

518-28-5

o

>o

414.4

(Ph. Ellr. monograph 2750)

Podophyllotoxin

Action and use
Inhibitor of DNA topoisomerase typeII.

phase. Applyseparately to the plate 5 ~L of each of the
following solutions. For solution (1) dissolve 30 mg of the
substance being examined in 1 mL of ethanol (80%), heating
if necessary. Solution (2) contains 1% wtv of malic acid in
ethanol (80%). After removal of the plate, dry it atl00° for
30 minutes, cool, spray with 0.02M potassium permonganate
and dry in a current of wann air for about 1 minute.
The chromatogram obtained with solution (1) exhibits a spot
corresponding in position,colour and size to the spot in me
chromatogram obtained with solution (2).

TESTS
Clarity and colour of solution
A 1.0% w/v solutionin a mixture of equal volumes of ethanol
(96%) and WQter is dear, Appendix N A, and not more
intensely coloured than reference solution BY63 Appendix IV B,
Method II.

Related substances
Carry out the method for thin-layer ~hromatography,

Appendix ill A) using silica gel G as the coating substance
and a mixture of 100 volumes of toluene, 60 volumesof
butan-l-cl, 40 volumes of hexane and 3 volumes of
13.5M ammonia as the mobile phase. Apply separately to the
plate 5 IJ.L of each of five solutions in a mixture of 9 volumes
of dichloromethane and 1 volume of methanol containing (1)
2.0% wlv, (2) 0.20% wlv, (3) 0.010% wlv and (4)
0.0050% w/v of the substance being examined and (5)
0.20% w/v of pizoti/en malateBPCRS. After removal of the
plate) dry it in a current of cold airfor 5 minutes) spray with
a mixture of 1 volumeof potassium iodobismuthate solution and
10 volumes of 2M acetic acid and then with hydrogen peroxide
solution (10 voQ) cover immediately with a glassplate and
examinein daylight. Any secondary spot in the chromatogram
obtained with solution (1) is not more intensethan the spot
in the chromatogram obtainedwith solution (3) and not
more thanone such spot is more intensethan the spot In the
chromatogram obtained with solution (4). Disregard any
yellow spot or bandremaining on the line of application.

Loss on drying
When dried to constantweight at 100° to 105°, loses not
more than0.5% of itsweight. Use 1 g.

Sulfated ash
Not more than 0.2%, Appendix IX A, MethodII. Use the
residue obtained in the test for Loss on drying.

ASSAY
Dissolve 0.35 g in 60 mL of anhydrous acetic acid and carry
out MethodI for non-aqueous titration, Appendix VllI A,
determining the end point potentiometrically. Each mL of
0.1M perchloric acid VS is equivalent to 42.95 mg of
C,gH2INS,C,H.O,.

STORAGE
Pizotifen Malate Should be protected from light.
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C. (5aR,8aR,9R)-9-(3,4,5-trimetboxyphenyl)-5a,6.8a,9­
tetrabydrofuro[3',4' :6,1]napbtho[2,3-d] [I ,3]dioxol-5,8­
dione (podopbyllotoxone).

_~ ~ ~ ~_PhE",

Pollens for Allergen Products

B. (5R.5aR,8aR,9S)-9-bydsoxy-5-(4-bydsoxy-3,5­
dimetboxyphenyl)-5,8.8a,9-tetrabydrofuro
[3',4' :6,1]napbtbo[2,3-d] [1,3]dioxol-6(5aH)-one
(4'-demetbylepipodophyllotoxin),

(ph. Eur, monograph 2627)

OCH,

OCH,

DEFINITION
Pollens for allergen products come primarily from
anemophilous plants and secondarily froma few
entomophilous plants. They may be processed (e.g. defatted
with organic solvents) or unprocessed pollen and they
contain soluble substances, including proteins, whose
functional activity is unrelated to any antigenic and allergenic
properties they may have.

PRODUCTION
Pollens for allergen products are defined by their species and
geographic location" Species identification is carried out on
the parent plant from which the pollen is collected. The field
characteristics and any treatments are specified for cultivated
species. Where pollen is collected from wild species) the
nature of collection areas is specified. The methods of
collection are described and must ensure the origin, quality,
consistency and traceability of the pollen. Where applicable)
reference is made to good agricultural and collection practice

A. (5R,5aS,8aR,9R)-9-hydroxy-5-(3,4,5-trimetboxyphenyl)­
5,8,8a,9-tetrabydrofuro[3',4' :6,1]napbtho [2,3-d]
[1,3]dioxol-6(5aH)-one (picropodophyllotoxin),

OCH,

OCH,

o

PhE" ~ _

Column;
- size: / -= 0.25 m,0 = 4.6 mm,
- stationary phase: end-capped occadeqlsilyl silica gelfor

chromatography R (5 urn);
- temperature: 25°C.

Mob,le phase Mix 40 volumes of a 1.0 gIL solution of
potassium dihydrogm phosphate R previously adjusted to
pH 3.5 with phosphoric acid R, and 60 volumes of
methanol RI.

Flow rale 1.0 mUmin.
Detection Spectrophotometer at 240 nm.

Injection 5 ul, of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of podophyllotoxin.

Identification of impurities Use me chromatogram supplied
with podophyUoloxin for syuem suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and C.

Relative retention Wic:h reference to podophyUotoxin
(retention time =about 8 min): impurity A = about 0.9;
impurity C = about 1.1.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

podophyUotoxin and impurity C.

Calculation of percentage contents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity A = 0"7; impurity C ;;;; 0.4;

- for each impurity, use the concentration of
podophyllotoxin in reference solution (a).

Limits:
- impurities A, C: for each impurity, maximum 0.3 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- rota/: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximwn 1.0 per cent, determined on 0.300 g­

Sulfated asb (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in tbe test for
related substances with the following modification.

Injection Test solution and reference solution (c).

Calculate the percentage content of C22H2 20 a taking into
account the assigned content of podophyllolCxin CRS.

STORAGE
Protected from light, at a temperature of 2 DC to 8 "C.

IMPURITIES
Specified impurities A, C.
Otherdetectable impurities (thefol/owing substances wQUldJ if
present at a sufficient leud, be detected by oneor otherof the tests
in the monograph, They are limitedby thegeneral acceptance
cntenonfor other/unspecified impurities and/orby the general
monograph Substancesfor pharmaceuticaluse (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance" See also 5"10. Control o!impun"ties
in substances for pharmaceutical use) B.
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(GACP). The collection, handling and further processing of
the pollen are such that a consistent composition of me
source material is ensured from batch to batch.

Pollen may be defatted using organic solvents. The content
of relevant pesticides, heavy metals and residual solvents is
monitored and determined on a number of batches according
to a justified sampling plan. Pesticides, heavy metals and
residual solvents are limited according to the principles
defined in general chapters 2.8.13. Pesticide residues, 2.4.27.
Heavy metals in herbal drugs and herbal drug preparations and
2.4.24. Idendfiouion and control of residual solvents,
respectively.

Where major changes to the production of the pollens for
allergen products take place (e.g. when a new process or
supplier of pollen source material is introduced), such
changes are qualified.

Microbial contamination of the pollen may be unavoidable
and should be monitored on a representative number of
batches of pollens for allergen products (e.g. defined by
collection year and location) according to a justified sampling
plan and each time a new supplier andlor a new process for
production is introduced; if a determination of microbial
contamination is not applicable, this must be justified.
Microbial contamination values and potential increases in
microbial contamination are monitored during stability
studies, in order to assess this aspect along with the pollen
characteristics upon storage.

Control methods and acceptance criteria relating to identity
and purity of the pollen are established. The acceptance
criteria must ensure the consistency of the pollens for
allergen products from a qualitative and quantitative point of
view. Pollens for allergen products are stored under
controlled conditions justified by stability data.
The collection and production) as well as the handling of the
pollen, are such that consistent quality is ensured from batch
to batch.

POLLENS FOR ALLERGEN PRODUCTS
REFERENCE BATCH
An appropriate reference batch is established for each
species. The nature of the reference batch depends on the
testing approach to verify batch-to-batch consistency and to
establish acceptable quality. The reference batch may be) for
example, an internal reference preparation (if available), a
source material extract or a sample of a production batch.
Its characterisation must be described. The extent of
characterisation of the reference batch depends on the pollen)
knowledge of the allergenic components and availability of
suitable reagents. The reference batch is stored under
controlled conditions ensuring its stability.

BATCH-TO-BATCH CONSISTENCY
To establish batch-to-batch consistency, one or more of the
following tests are performed on each batch. If the microbial
contamination test is performed, at least one other test is to
be used. The choice of tests must be justified. Variations
between different batches are to be expected due to, for
example, geographic location of the harvest areas or different
climates during the growth period.

Total protein (2.5.33)

Protein profile
Derermlned by using suitable electrophoresis methods
(2.2.31, 2.2.54).

2022

Allergen profile
Relevant allergenic components are identified by means of
suitable techniques using allergen-specific antibodies.

Major allergen content
Determined by using suitable immunochemical methods
(2.7.1) such as enzyme-linked immunosorbent assay
(BUSA).

Total allergenic activity
Determined by testing inhibition of the binding capacity of
specific immunoglobulin E antibodies or by a suitable
equivalent in vitromethod.

Microbial contamination (2.6.12)

CHARACTERS
Pollens for aUergen products are supplied as coloured
powders and consist of grains In a great variety of shapes,
densities and sizes depending on the species. Detailed
specifications for each type of pollen grain are established.

IDENTIFICATION
Tests on identity are performed on each individual batch of
pollen using adequate methods (e.g. microscopy). Specific
characteristics, such as colour, size, shape, number and
position of apertures, are described and compared with those
of a reference batch or reference docwnents.

Additional tests may be performed as complementary
identification determination.

TESTS
Foreign pollen
The content of pollen from other species is limited to
I per cent of total mixed pollens and 0.5 per cent of any
individual pollen as determined by a microscopic panicle
count.

Foreign matter
Particles of plant origin (determined by microscopic
examination), other than pollen are kept to a minimum but
in any case do not exceed 10 per cent unless otherwise
justified and authorised. The sum of all non-plant particles
(e.g. soil) must not exceed 1 per cent. Detectable mould
spores must not exceed 1 per cent.

Water (2.5.12 or 2.5.32) or loss on drying (2.2.32)
The water content of dried material is determined;
specification limits must be supported by batch analysis and
stability data.

STORAGE
Pollens for allergen products are stored under controlled
conditions justified by stability data.

LABELLING
The label states the species of the pollen.
_____________________ Ph'EUf
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Poloxamers
(ph. Eur. monograph 1464)

Action and use
Non-ionic surfactant.

PhE<r _

DEFINITION
Synthetic block copolymer of ethylene oxide (oxirane) and
propylene oxide (methyloxirane), represented by the
following general formula:

Poloxamer Ethylene Propylene Content of Average relative
type oxide oxide oxyethylene molecular mass

units a units b units
(per cent)

124 10 - 15 18- 23 44.8 . 48.6 2090 - 2360

18S 75 - 85 25 - 30 79.9·83.7 7680 - 9510

237 60 - 68 35 - 40 70.5 - 74.3 6840 ~ 8830

338 137 - 146 42 - <l7 81.4 - 84.9 J2 700 - 17400

407 95 - 105 54 - 60 71.5·74.9 9840 - 14 600

A suitable antioxidant may be added.

CHARACTERS
Appearance
- poloxamer 124:colourless or almost colourless liquid;
- poioxamers 188, 237, 338, 407: white or almostwhite,

waxy powder, microbeads or flakes.

Solubility
- poloxomen 124, 237, 338., 407: vel}' soluble in waterand

in ethanol (96 per cent), practically insoluble in light
petroleum (bp: 50-70 'C);

- poloxamer 188: soluble ill water and in ethanol
(96 per cent).

mp
About 50 'C for poloxaruers 188, 237, 338 and 407.

IDENTIFICATION
First identification: A, B.
Secondidentification: B, C.
A. Infrared absorption spectrophotometry (2.2.2f).

Comparison Ph. Eur. chemical reference substance
corresponding to the type of poloxamer to be examined.
B:. Average relative molecular mass (see Tests).
C. Oxypropylene:oxyethylene ratio (see Tests).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR and dilute to

J00 mL with the same solvent.

Appearance of solution
Solution S is not more intensely colouredthan reference
solution BY, (2.2.2, Method II).

pH (2.2.3)
5.0 to 7.5 for solution S.

Ethylene oxide, propylene oxide and dioxan
Head-space gas chromatography (2.2.28).

Poloxamers II-657

Ethylene oxide slock solution Introduce 0.5 rnL of ethylene
oxide stock solution R2 into a vial and dilute to 50.0 mL
with dimethylsnlfoxide Rl. ,\Iix carefully.

Ethylene oxide solution Dilute 1.0 mL of the ethylene oxide
stock solution to 250 mL with dimethyl sulfoxide RI.
Propylene oxide stock solution Introduce about 7 mL of
methylene chloride R into a volumetric flask, add 0.500 g (m)
of propylene oxideR and dilute to 10.0 mL with methylene
chloride R. Dilute 0.5 mL of this solution to 50.0 mL with
dimethyl sulfoxide Rt, Mix carefully. Calculate the exact
concentration of propylene oxide] in milligrams per miJlilitre,
using the following expression:

mx 1000 x 0.5

IOx50

Propylene oxide solution Dilute 1.0 mL of the propylene
oxide stock solution to 50.0 mL with dimethyl sulfoxide Ri.
Calculate the exactconcentration of propylene oxide] in
micrograms per millilitre, using the following expression:

CxlOOOxl

50

C concentration of the propylene oxide stocksolution, in
milligrams pet millilhre.

Dioxansolution Introduce 0.100 g (m) of dioxan R into a
flask and dilute to 50.0 mL with dimethylsulfoxide Rl, Dilute
2.50 mL of this solution to 100.0 mL with dimethyl
sulfoxide Rt.
Calculate the exact concentration of dioxan, in micrograms
per millilitre, using the following expression:

m x 2.50 x 1000 x 1000

50 x 100

Mixture solution Dilute a mixture of 6.0 mL of the ethylene
oxide solution, 6.0 mL of the propylene oxide solution and
2.5 mL of the dioxan solution to 25.0 mL with dimerhyl
sulfoxide RI.
Test solution To 1.000 g of the substance to be examined in
a head-space vial, add 4.0 mL of dimethylsulfoxide Rl and
close the vial immediately.
Reference solution To 1.000 g of the substance to be
examined in a head-space vial, add 2.0 mL of dimethyl
sulfoxide Rl and 2.0 mL of the mixture solution. Close the
vial immediately.

Column:
- material: fused silica;
- size: 1= 50 m, 0 = 0.32 mm;
- stationary phase: phenyl(5)melhyl(95)polysiloxane R (film

thickness 5 urn).

Carrier gas heliumfor chromatography R.

Flowrate 1.4 mUmin.

Statichead-space conditions:
- equilibrium temperature: 110 °Cj
- equilibration time: 30 min;
- transfer-line temperature: 140°C;
- pressurisation time: 1 min;
- injection time: 0.05 min.
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4000m
B-S

Oxypropylene:oxyethylene ratio
Nuclear magnetic resonance spectrometry (2.2.33).

Use a 100 gIL solution of the substance to be examined in
deuterated chloroform R. Record the average area of the
doublet appearing at about 1.08 ppm due to the methyl
groups of the oxypropylene units (A I) and the average area
of the composite band from 3.2 ppm to 3.8 ppm due to
CH20 groups of both the oxyethylene and
oxypropylene units and the CHO groups of the
oxypropylene units (A 2 ) with reference to the internal
standard.

Calculate the percentage of oxyethylene, by weight, in the
sample being examined using the following expression:

3300a

33a+58

Detection Flame ionisation.

Injection Inject a suitable volume of the gaseous phase, for
example 1 mL

Relative retention With reference (Q ethylene oxide (retention
time =about 6 min): propylene oxide =about 1.3;
methylene chloride = about 1.6; dioxan = about 3.0;
dimethyl sulfoxide = about 3.7.

Limits:
- ethylene oxide: not more than 0.5 times the area of the

corresponding peak in the chromatogram obtained with
the reference solution (l ppm);

- propylene oxide: not more than 0.5 times me area of the
corresponding peak in the chromatogram obtained with
the reference solution (5 ppm);

- dioxan: not more than 0.5 times the area of the
corresponding peak in the chromatogram obtained with
the reference solution (10 ppm).

Average relative molecular mass
Weigh 15 g (m) of the substance to be examined into a
250 mL ground-glass-stoppered flask, add 25.0 mL of
phthalic anhydride solution R and a few glass beads and swirl
to dissolve. Boil gently under a reflux condenser for I h,
allowto cool and add 2 quantities, each of 10 ml., of
pyridine R, through the condenser. Add 10 mL of waterR,
mix and allow to stand for 10 min. Add 40.0 mL of 0.5 M
sodium hydroxide and 0.5 mL of a 10 gIL solution of
phenolphthalein R in pyridine R. Titrate with 0.5 M sodium
hydroxide to a light pink endpoint that persists for 15 sand
record the volume of sodium hydroxide used (S). Prepare a
blank. Record the volume of sodium hydroxide used (B).

Calculate the average relative molecular mass using the
following expression:

Temperature:

Column

Injection port

Detector

Time (min)

0- 10

10 ~ 27

Temperature ('C)

70
70 ..... 240

250

250

Total ash (2.4.16)
Maximum 0.4 per cent, determined on 1.0 g.

STORAGE
In an airtight container.

LABELLING
The label states the type of poloxarner.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infomlation on characteristics that are
recognised as beingrelevant amtrolparameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Some of the charaaeisia described in the Functionality­
related characteristics section may also be present in the mandatory
part of the monograph since they also represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal product by improving the consistency
of the manujactuting process and theperfonnance of the medicinal
product during use. Where control methods arecited, they are
recognised as being suitable for the purpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control method must be indicated;
Thefollowing characteristic may be relevant for poIQXamers used
asdispersing agenlS Or vehides (fiYPe 124).

Viscosity (2.2.9)
About 400 mf'a-s, determined at 25 °C, for the undiluted
poloxamer.

The following characteristics may be relevant forpoIoxamers used
assolubi/ising agenlS (types 188 and 237).

Viscosity (2.2.9)
Typically less than 50 ml'a-s, determined at 25 °C.

Dissolve 25.0 g in 100.0 mL of water R.

Oxypropylene:oxyethylene ratio
(see Tests).

Thefollowing characteristics may berelevant forpoloxamen used
as solubilising agenlS (type 407).

Viscosity (2.2.9)
Typically less than 75 mf'a-s, determined at 5 °C.

Dissolve 25.0 g in 100.0 mL of water R.

Oxypropylene:oxyethylene ratio
(see Tests).

Thefollowing charactetiuics may be relevant forpoloxamers used
aswetting agents (types 188 and 407).

Particle-size distribution (2.9.31)

Oxypropylene:oxyethylene ratio
(see Tests).

Thefollowing characteristic may be relevant for poIoxamers used
as viscosity-increasing agents or suspending agents (types 338 and
407). I
Gel fonnation
Dissolve 25.0 g in 100 mL of cold waterR (5-8 "C) and stir
overnight in a refrigerator until dissolution is complete.
The viscous solution obtained foems a thermoreversibie gel
after heating £0 37 °C and does not flow in a capillary tube
(2.2.9) or flows only very slowly (flow time greater than
10 min).

A,
wherea=--I

AI

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.000 g.

___________________ PhE"
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DEFINITION
Dispersion in water of a copolymer of ethyl acrylate and
methyl methacrylate having a mean relative molecular mass
of about 800 000.

Content
28.5 per cent to 31.5 per cent (residue on evaporation).

It may contain a suitable emulsifier.

CHARACTERS
Appearance
Opaque) white or almost white, slightly viscous liquid.

Solubility
Miscible with water, soluble in acetone, in anhydrous ethanol
and in 2-propanol.

IDENTIFICATION
First identification: A.
Secondidentification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of poIyacrylate.

B. To I g add 5 mL of waterR and mix; the mixture
remains opaque. Take 3 'portions of 1 g and mix separately
with 5 g of anhydrous ethanolR, 5 g of acetone Rand 5 g of
2-propanol R. 'Transparent solutions are obtained.

C. To I g add 10 mL of 0.1 M sodium hydroxide.
The mixture remains opaque.

D. Appearance of a film (see Tests).

E. Dry 4 g in a Petri dish, at 60 DC in an oven for 4 h and
transfer the resulting clear film to a small test-tube
(100 mm x 12 mm). Heat over a flame and collect the
fumes that evolve in a 2nd test-tube held over the mouth of
the I" tube. The condensate gives the reaction of esters
(2.3.1).

TESTS
Relative density (2.2.5)
1.037 to 1.047.

Viscosity (2.2.1{})
Maximum 50 mf'a-s, determined using a rotating viscometer
at 20 DC and a shear rate of 10 5-1.

Appearance of a fihn
Pour 1 mL on a glass plate and allow to dry. A clear elastic
film is formed.

Particulate matter
Filter 100.0 g through a tared stainless steel sieve (90). Rinse
wil:h water R until a clear filtrate is obtained and dry at 80 DC
to constant mass. The residue weighs not more than 0.500 g.

Residual monomers
Liquid chromatography (2.2.29).

Test solution Dissolve 1.00 g of the substance to be
examined in tetranydrcfuran R and dilute to 50.0 mL with the
same solvent. To 5.0 mL of a 35 gIL solution of sodium
perchlorate R add 10.0 mL of the solution dropwise whilst
stirring continuously. Centrifuge and filter the clear

2022

Polyacrylate Dispersion
(30 per cent)
(Ph. Eur. monograph 0733)

Action and use
Excipient.

**** ** ** ****

Polyacrylate Dispersion II-659

supernatant. Dilute 5.0 mL of this solution to 10.0 mL with
waterR.

Reference solution Dissolve 10 mg of ethyl acrylate Rand
10 mg of methyl methacrylate R in tetrahydrofuran R and dilute
to 50.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 100.0 mL with tetrahydrofuran R. To 10.0 mL of
the solution add 5.0 mL of a 35 gIL solution of sodium
perchlorate R and mix. Dilute 5.0 mL of the mixture to
10.0 mL with waterR.
Column:
- size: /:::: 0.12 m, 0 :::: 4.6 mm;
- statianary phase: octadecylsi!YI silica gelfor chromatography R

(5-10 pm).

Mobl1e phase acetonitrile RJ, waterfor chromatography R
(15:85 VIV).

Flow rate 2 mUmin.

Detection Spectrophotometer at 205 om.

Injection About 50 j..tL.

Limit:
- residual monomers: maximum 100 ppm.

Sulfated ash (2.4.14)
Maximum 0.4 per cent) determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 10' CFU/g (2.6.12).

ASSAY
Dry 1.000 g at 1I0 °C for 3 h and weigh the residue.

STORAGE
At a temperature of 5 DC to 25°C, protected from freezing.

FUNCTIONALITY-RELATED CHARACTERISTICS
This seaion provides information on characteristics thai are
recognised as beingrelevanl control parameters for one or more
functions of the substance when usedas an excipient (seechapter
5.15). Some of the characteristits described in the Functionality­
related charaaenstia section may alsobepresent in the mandatory
part of the monograph since they also represent mandatoryquality
oiteria. In suchcases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Controlofthe characteristics can contribute
to the quality of a medicinal product by improving the consistency
of the manufacturing process and thepeiformance of the medicinal
product during use. W'here ronrrol methods are cited, they are
recognised as beingsuitable for thepWpose, but othermethods «In
alsobe used. W'henwer results for a particular charaaeristic are
reponed, the control methodmust be indicated.

The following characteristics may he relevant for poIyacrylate
dispersion 30 per cent usedas film former or matrix fonner in
prolonged-release dosage forms.

Viscosity
(see Tests).

Appearance of a film
(see Tests).

Solubility of a film
Take a piece of the film obtained in the test for appearance
of a film and place it in a flask containing a 10.3 gIL solution
of hydrochloric acid R with stirring. It does not dissolve within
2 h. Take another piece of the film and place it in a flask
containing 0.33 M phosphate buffersolutian pH 7.5 R with
stirring. It also does not dissolve within 2 h.
_____________________ PhE«
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Action and use
Antibacterial.

Preparation
Polymyxin and Bacitracin Ointment

Polymyxin R R' X Molecular formula M,

BI CH, CH, L-Leu C#9sN160 n 1203

B2 H CH, L-Leu CSiH9~1601] 1189

B3 CH, H L-Leu C3SH,6NI60U 1189

BI-I CH, CH, L-lle C~9gl"lI(.OI] 1203

o

~
.DAB-- l_Thr -- l_DAB -- l.DAB - L_DAB "" o-Phe-XJ

ll_Thr -L-DAB -L-DAB

• R ,xH2S04

:1<
H DAB = 2.4-diaminobulanoic acid

Application 5 IJL as bands of 10 mm, then place the plate in
the chromatographic tank so that it is not in contactwith the
mobile phase, and allow it to become impregnated with the
vapourof the mobile phase for at least 12 h.
Development Over 2/3 of the plate using the same mobile
phase.
Drying At 100-105 'C.
Detection Spray with ninhydrin solution Rl and heat at
110 'C for 5 min.

Results The chromatogram obtainedwith the test solution
shows zones corresponding to those in the chromatograms
obtainedwith reference solutions (a), (b) and (c), but shows
no zone corresponding to that in the chromatogram obtained
with reference solution (d); the chromatogram obtainedwith
the test solution also shows a zone with a very low Rp value
(2,4-diaminobutyric acid).

B. Examine the chromatograms obtained in the test for
composition.
Results The peaks due to polymyxins BI, B2, B3 and BI-I
in the chromatogram obtained with the test solution are
similar in retention time to the correspondingpeaksin the
chromatogram obtained with reference solution (a).
C. Dissolve about 2 mg in 5 mL of waterR and add 5 mL of
a 100 gIL solution of sodium hydroxide R. Shake and add
dropwise 0.25 mL of a 10 gIL solution of copper sulfate
pentahydrau R, shaking after each addition. A reddish-violet
colour develops.
D.lt gives reaction (a) of sulfates (2.3.1).

TESTS
pH (2.2.3)
5.0 to 7.0.

Dissolve 0.2 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Composition
Liquid chromatography (2.2.29): use the normalisation
procedure.
Solven' mixture acetonitrile R, waterR (20:80 VIV).
Testsolution Dissolve 50.0 mg of the substance to be
examinedin the solvent mixture and dilute to 100.0 mL with
the solvent mixture.
Reference solution (a) Dissolve the contents of a vialof
polymyxin B sulfate CRS in the solventmixture and dilute to
50 mL with the solvent mixture.
Reference solution (b) Dilute I mL of reference solution (a)
to 100 mL with the solvent mixture.
Column:
- size: I = 0.25 m, (0 =. 4.6 mm;
- stationary phase: end-capped iX,aduylsilYl silica gelfor

chromatography R (5 um),
-t- umperature: 30 'C.

Mobile phase Mix 20 volumes of acetonitrile R1 and
80 volumes of a solutionprepared as follows: dissolve 4.46 g
of anhydrous sodium sulfate R in 900 mL of waterfor
chromatography R, adjust to pH 2.3 with dilute phosphoric
acidR and dilute to 1000 mL with waterfor
chroma,ograplry R.

Flowrate 1.0 mIJmin.
Detection Spectrophotometer at 215 run.
Injection 20 l'1-.
Runtime 1.4 times the retention time of polymyxin BI.
Identification of peaks Use the chromatogram supplied with
polymyxinB sulfate CRS and the chromatogram obtained with

**** ** ** ****Polymyxin B Sulphate

(ph. Eur. monograph 0203)

Polymyxin B Sulfate

DEFINITION
Mixture of the sulfates of polypeptides produced by the
growth of certain strains of PaenibaciOus po/ymyxa, me main
component being polymyxin BI.

Potency
Minimum 6500 IUlmg (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, hygroscopic powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B, D.
Second identification: A, C, D.
A. Thin-layer chromatography (2.2.27).

Test solulwn Dissolve 5 mg of the substance to be examined
in I mL of a mixture of equal volumes of hydrochloric acidR
and waterR. Heat at 135 °C in a sealed tube for 5 h.
Evaporate to dryness on a water-hath and continue the
heating until the hydrochloric acidhas evaporated. Dissolve
the residue in 0.5 mL of waterR.
Reference solution (a) Dissolve 20 mg of leucine R in water R
and dilute to 10 mL with the same solvent.
Reference so/mum (b) Dissolve 20 mg of threonine R in
waterR and dilute to 10 mL with the same solvent.
Reference solueion (c) Dissolve 20 mg of phenylalanine R in
waterR and dilute to 10 mL with the same solvent.
Reference solution (d) Dissolve 20 mg of serine R in water R
and dilute to 10 mL with the same solvent.
Plate TLC silica gelG plate R.

Cany ou' 'he following procedures protected from ligh"
MoMe phase water R, phenol R (25:75 VIV).
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DEFINITION
Mixture of ethers of polyoxypropylene with linear alcohols)
mainly stearyl alcohol) obtained by the reaction of stearyl
alcoholwith propylene oxide. It maycontainsome free
polyoxypropylene and various amounts of free stearyl alcohol.
The numberof moles of propylene oxide reacted per mole of
stearyl alcohol is 11 (nominal value). A suitable antioxidant
may be added.

CHARACTERS
Appearance
Colourless or pale yellow) clearor slightly turbid liquid.

Solubility
Practically insoluble in water) soluble in ethanol
(96 per cent), in mineral oils and in 2-propanol, practically
insoluble in propylene glycol and inglycerol.

Relative density
About 0.94 at 25 "C.

Refractive index
About 1.448 at 25°C.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison polyoxypropylene steory! ether CRS.
B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).
D. Viscosity (2.2.9): 83 ml'a-s to 95 ml'a-s.

TESTS
Acid value (2.5.1)
Maximum 2.0.

Hydroxyl value (2.5.3, MethodA)
60 to 77.

Iodine value (2.5.4, MethodA)
Maximum 3.0.

Peroxide value (2.5.5, MethodA)
Maximum 5.0.

Saponification value (2.5.6)
Maximum 3.0.

Propylene oxide
Head-space gas chromatography (2.2.28).

Propylene oxide stock solution Weigh45 g of cold macrogol
200 R1 and add 1.000 g (m) of propylene oxide R.
.Mixcarefully by swirling to ensurea homogeneoussolution.
Add more macrogol 200 RI until the total weight is 50.0 g
and mix again. [NOTE: the solution is stable for I month if
stored at -20°C]. AUow to reach room temperature. "Dilute
0.50 g of this solution to 100.0 mL with waterR.
Propylene oxide standard solution Dilute 10.0 mL of
propylene oxide stocksolution to 100.0 mL with waterR.
Propionaltkhyde swck solution Weigh 0.1 g of
propionaldehyde R into a volumetric flask and dilute to
100.0 mL with waterR.

Testsolution (aJ Weigh 1.00 g of the substance to be
examined into a 20 mL head-space vial. Add 0.5 mL of cold
waUl' R and seal the vial immediately with a
pclytetrafluoroethylene-coated silicon membrane and an
aluminium cap. Mix carefully.

reference solution (a) to identify the peaks due to
polymyxins BI, B2, B3 and BI-I.

Relative retention With reference to polymyxin Bl (retention
time = about 35 min); polymyxin B2 =about 0.5;
polymyxin B3 = about 0.6; polymyxin Bl-I = about 0.8.

System suilabl1ity:
- resolution: minimum 3.0 between the peaksdue to

polymyxin B2 and polymyxin B3 in the chromatogram
obtainedwith reference solution (a);

- signal-to-noise ratio: minimwn 20 for the peakdue to
polymyxin Bl in the chromatogram obtainedwith
reference solution (b).

Limits:
- polymyxin B1-/: maximum 15.0per cent;
- polymyxi" B3: maximum 6.0 per cent;
- sum of polymyxins Bl, B2, B3 and Bl-I: minimum

80.0 per cent;
- reporting threshold: 0.40 per cent.

Related substances
Liquid chromatography (2.2.29) as described in the test for
composition.

Limits:
- any impurity: for each impurity, maximum 3.0 per cent;
- total: maximum 17.0 per cent;
- reporting threshold: 0.40 per cent.

Sulfate
15.5 per cent to 17.5 per cent (dried substance).

Dissolve 0.250 g in 100 mL of waterR and adjust the
solution to pH 11 with concentrated ammonia R.
Add 10.0 mL of 0.1 M barium chloride and about 0.5 mg of
phthalein pwple R. Titrate with 0.1 M sodium <delate, adding
50 mL of ethanol (96 percenO R when the colour of the
solution begins to change and continuing the titration until
the violet-blue colour disappears.
1 mL of 0.1 1\-1 barium chloride is equivalent to 9.606 mg
of SO•.

Loss on drying (2.2.32)
Maximum 6.0 per cent, determined on 1.000 g by drying in
vacuo at 60°C at a pressure not exceeding 0,7 kPa for 3 h.
Sulfated ash (2.4.14)
Maximum 0.75 per cent, determined on 1.0 g.

Pyrogens (2.6.8)
If intended foruse in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of pyrogens, it complies with die test for pyrogens.
Inject) per kilogram of the rabbit's mass, 1 mL of a solution
in waterfor injections R containing 1.5 mg of the substance to
be examined per miJIilitre.

ASSAY
Carry out the microbiological assayof antibiotics (2.7.2).
Use polymyxinB sllllatelor microbiological assayCRS as the
chemical reference substance.

STORAGE
In an airtight container, protected from light. If the substance
is sterile, the container is also sterile and tamper-evident.

LABELLING
The label states, whereapplicable) that the substance is
suitable for use in the manufacture of parenteral
preparations.
_____________________ PhE'"

Polyoxypropylene Stearyl Ether
(Ph. Ellr. monograph 2602)

**** ** ** ****
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Detection Flame ionisation.

Injection A suitable volume, for example 1.0 ml., of the
gaseous phase of test solutions (a) and (b) and of the
reference solution.

Identification of peaks Use the chromatogram obtained with
the reference solution [0 identify the peaks due to propylene
oxide and propionaldehyde.

Relativeretention With reference to propylene oxide
(retention time =about 10.4 min):
propionaldehyde = about 0.96.

System suitability Reference solution:
- resolution: minimum 1.5 between the peaks due to

propionaldehyde and propylene oxide;
- signal-to-noise ratio: minimum 10 for the peak due to

propylene oxide.

Calculate the content of propylene oxide in parts per million
using the following expression:

A 1xmx5

Test solution (b) \'(leigh 1.00 g of the substance to be
examined into a 20 mL head-space vial. Add 0.5 mL of cold
propylene oxide standard solution and seal the vial
immediately with a pclytetrafiuoroethylene-coated silicon
membrane and an aluminium cap. Mix carefully.

Reference solutior, Introduce 50.0 mL of cold propylene
oxide standard solution into a volumetric flask, add 0.5 mL
of cold propionaldehyde stock solution and dilute to
100.0 mL with waur R. Introduce 0.5 mL of this solution
into a 20 mL head-space vial.

Column:
- material: fused silica;
- size: 1= 60 m, 0 = 0.32 mm;
- stationary phase: melhylpolysilo.<ane R (film thickness 5 urn).

Corner gas helium for chromatography R.

Flaw rate 2.6 mUmin.

su« ratio 10:1.

Static head-space conditions that may be used:
- equilibration temperature: 90 "C;
- equilibration time: 45 min.
Temperature:

_____________________ PIlE"

PIIE~ _

**** ** ** ***.Polyoxyethylene 20 Sorbitan Monolaurate

(ph. Bur. monograph 0426)

Polysorbate 20

Action and use
Non-ionic surfactants.

Water (2.5.12)
Maximum 0.7 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.3 per cent.

Ignite a suitable crucible at 600 ± 25°C for 30 min, allow
to cool in a desiccator over silica gel or other suitable
desiccant and weigh. Place 1.0 g of the substance to be
examined in the crucible and weigh. Carefully ignite and char
the substance using a gas burner in a fume cupboard. Carry
out the test for sulfated ash (2.4.14) on the residue obtained,
starting from "Moisten the substance to be examined ... JI.

STORAGE
In an airtight container.

LABELLING
The label states the number of moles of propylene oxide
reacted per mole of stearyl alcohol (nominal value).

FUNCTIONALITY-RELATED CHARACTERISTICS
Thissection provides infonnation on characteristics mat are
recognised as being relevant control parameters for oneor more
junctions of the substance when wed as an excipient (see chapter
5.15). Someof me characteristics described in the Functionality­
related characteristics seaionmay also bepresent in the mandatory
pan of the monograph since they olso represent mandatory quality
cntetia. In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functionality-related
characteristics section. Control of the charactenuics can contribute
to the qualt"ty of a medicinal product by improving the consistency
of the manufacturing process and theperfonnance of the medicinal
product dun'ng use. Where control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
also be used. Wherever results for a particular charaaetiuic are
reported, thecontrol method must be indicated.
Thefollowing characteristic may be relevant for polyoxypropylene
stearyl ether usedas solvent or emollient in preparations for
cutaneous application.

Viscosity
(see Identification).

50

50 -+ ISO

180 -+ 230

230

150

250

Temperature
CC)

Time
(min)

0-5

5 - 31

31 - 32.7

32.7 - 37.7

Column

Injection port

Detector

A I area of the peak due to propylene oxide in the chromatogram
obtained with test solution (a);

A 2 area of the peak due to propylene oxide in me chromatogram
obtained with test solution (b);

M 1 mass of die substance te be examined in test solution (a), in
grams;

M2 mass of the substance to be examined in test solution (b), in
grams;

/II mass of propylene oxide used to prepare the propylene oxide stock
solution. in grams.

Limit:
- propylene oxide: maximum 5 ppm.

DEFINITION
Mixture of partial esters of fatty acids, mainly lauric
(dodecanoic) acid, with sorbitol and its anhydrides
ethoxyJated with approximately 20 moles of ethylene oxide
for each mole of sorbitol and sorbitol anhydrides.

CHARACTERS
Appearance
Oily, yellow or brownish-yellow, clear or slightly opalescent
liquid.

Solubility
Soluble in water, in anhydrous ethanol, in ethyl acetate and
in methanol, practically insoluble in fatty oils and in liquid
paraffin.
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_____________________ PhEll

Polysorbate 40

Detection Flame ionisation.

Injection 1 J.lL.
Composition of thefatty-acidfraction of the subsrance:
- caproic acid: maximum 1.0 per cent;
- caprylic acid: maximum 10.0 per cent,
- capric acid: maximum 10.0 per cent;
- knmc acid: 40.0 per cent to 60.0 per cent;
- myristic acid: 14.0 per cent to 25.0 per cent;
- palmitic acid: 7.0 per cent to 15.0 per cent;
- stearic acid: maximum 7.0 per cent;
- oleic acid: maximum 11.0 per cent;
-'-- linoleic acid: maximum 3.0 per cent.

Ethylene oxide and dioxan (2.4.25, Mahod A)
Maximum 1 ppm of ethylene oxide and 10 ppm of dioxan.

Water (2.5.12)
Maximum 3.0 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.25 per cent) determined on 2.0 g.

STORAGE
In an airtight container, protected from light.

Relative density
About 1.10.

Viscosity
About 400 ml'a-s at 25°C.

IDENTIFICATION
First identification: A..D.
Second identification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spearum of polysorbate 20.
B. Hydsoxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

E. Dissolve 0.1 gin 5 mL of methylene chloride R. Add 0.1 g
of potassium thiocyanate Rand 0.1 g of cobalt nitrate R. Stir
with a glass rod. The solution becomes blue.

TESTS
Acid value (2.5.1)
Maximum 2.0.

Dissolve 5.0 gin 50 mL of the prescribed solvent mixture.

Hydroxyl value (2.5.3, Method A)
96 to 108.

Peroxide value
Maximum 10.0.

Introduce 10.0 g into a 100 mL beaker and dissolve with
20 mL of gllUial acetic acidR. Add 1 mL of saturated
potassium iodide solution R, mix and allow to stand for 1 min.
Add 50 mL of carbon dioxide-free water R and a magoetic
stirring bar. Titrate with"O.OJ M sodium thiosulfate,
detennining the end-point potentiometrically (2.2.20). Carry
out a blank titration. If the result of the blank determination
exceeds 0.1 mL of titration reagent, replace the reagents and
repeat the determination.
Determine the peroxide value using the following expression:

Temperature:

Column

Injection pon

Detector

Time
(min)

0- 14

14 - 54

Temperature
fC)

80 -+ 220

220

250

250

(n,-n,)xMx 1000

m

111 volume of 0.01M sodium thiosulfaterequired for the substance
to be examined, in millilitres;

112 volume ofO.OJ M sodium lhiMllfale required foi: the blank
titration, in millilirres;

M molarity of the sodium thiosulfate solution, in moles per litre;
m mass of the substance to be examined, in grams.

SaponIfication value (2.5.6)
40 to 50, determined on 4.0 g.

Use 15.0 mL of 0.5 1\1. alcoholic potassium hydroxide and
dilute with 50 mL of ethanol (96 per eenl) R before carrying
out the titration. Heat under reflux for 60 min.

Composition of fatty acids (2.4.22, Method C)
Prepare reference solution (a) as indicated in
Table 2.4.22.-2.

Column:
- material: fused silica;
- size: I:::: 30 m, 0 :::: 0.32 mrn;
- srationQly phase: macrogol20 000 R (film

thickness 0.5 um).

Carrier gas helium for chromawgraphy R.
Linear velocity 50 cmls.

Polyoxyethylene 20 Sorbitan Monopalmirate

(Ph. Eur. monograph 1914)

Action and use
Non-ionic surfactants.

PhEll _

DEFINITION
Mixture of partial esters of fatty acids, mainly Palmitic
acid (1904), with sorbitol and its anhydrides ethoxylated with
approximately 20 moles of ethylene oxide for each mole of
sorbitol and sorbitol anhydrides.

CHARACTERS
Appearance
Oily, viscous, yellowish or brownish-yellow liquid.

SolublIity
Miscible with water, with anhydrous ethanol, with ethyl
acetate and with methanol, practically insoluble in fatty oils
and in liquid paraffin.

Relative density
About 1.10.

Viscosity
About 400 ml'a-s at 30 °C.

IDENTIFICATION
First idendfication: A, D.
Second identification: B, C, D, E.

A. Infrared absorption spectrophotometry (2.2.24).
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II-664 Polysorbate 60 2022

(n, - n,) x M x 1000

m

Detection Flame ionisation.
Injection I ~L.

Composition of thefolly-acidfraction of rhe substance:
- palmitic acid: minimum 92.0 per cent.

nl volumeofQ.01 M scJill". thiosul/au required for lhe substance
to be examined, in millilitres;

n2 volume ofO.OI/H sodillm rhwrulfau required for the blank
ritrauca, in millilitres;

M molarity of the sodium thiosulfate solution, in moles perlitre;
In massof the substance to be examined. in grams.

DEFINITION
Mixture of partial esters of fatty acids,mainly Stearic
acid 50 (1474), with sorbitol and its anhydrides ethoxylated
with approximately 20 moles of ethylene oxide for each mole
of sorbitoland sorbitol anhydrides.

CHARACTERS
Appearance
Yellowish-brown gelatinous mass whichbecomes a clear
liquid at temperatures above 25°C.

Solubility
Soluble in water, in anhydrous ethanol, in ethyl acetate and
in methanol, practically insoluble in fatty oils and in liquid
paraffin.

Relative density
About 1.10.

Viscosity
About 400 mPa·s at 30 "C.

IDENTIFICATION
First identificatron: A, D.
Second identification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of poIysorba'" 60.
B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).
D. Composition of fatty acids (see Tests).
E. Dissolve 0.1 gin 5 mL of methylene chloride R. Add 0.1 g
of potassium thiocyanate Rand 0.1 g of cobalt nitrate R. Stir
with a glass rod. The solution becomes blue.

TESTS
Acid valne (2.5.1)
Maximum 2.0.

Dissolve 5.0 g in 50 mL of the prescribed solventmixture.

Hydroxyl value (2.5.3, MethodA)
81 to 96.

Peroxide value
Maximum 10.0.

Introduce 10.0 g into a 100 mL beaker and dissolve with
20 mL of glacial acetic acid R. Add I mL of saturated

PhE" _

Polyoxyethylene 20 Sorbitan Monostearate
(ph. Eur. monograph 0427)

Ethylene oxide and dioxan (2.4.25, MethodA)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
Maximum 3.0 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.25 per cent, determined on 2.0 g.

STORAGE
In an airtight container) protected from light.
__~ ~_ PhE"

Action and use
Non-ionic surfactants.

Polysorbate 60

80 ...... 220
220

250

250

Temperature
("'C)

Time
(mIn)

0-14
14·54

Comparison Ph. Bur. reference spectrum 0/polysorbate 40.
B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

E. Dissolve 0.1 gin 5 mL of merhylene chloride R. Add 0.1 g
of potassium thiocyanate Rand 0.1 g of cobalt nitrate R. Stir
with a glass rod. The solution becomes blue.

TESTS
Acid value (2.5.1)
Maximum 2.0.

Dissolve 5.0 g in 50 mL of the prescribed solvent mixture.

Hydroxyl value (2.5.3, MethodA)
89 to 105.

Peroxide value
Maximum 10.0.

Introduce 10.0 g into a 100 mL beaker and dissolve with
20 mL of glacial acetic acid R. Add I mL of solUra",d
potassium iodide solution RJ mix and aUow to stand for 1 min.
Add 50 mL of carbon dioxide-free water R and a magnetic
stirring bar. Titrate with 0.01 M sodium thiosulfate,
determining the end-poinr potentiometrically (2.2.211). Carry
out a blank titration. H the result of the blankdetermination
exceeds 0.1 mL of titration reagent) replace the reagents and
repeat the determination.

Determine the peroxide value using me following expression:

Saponification value (2.5.6)
41 to 52J determined on 4.0 g.

Use 15.0 mL of 0.5 i\1 alcoholicpotassium hydroxide and
dilute with 50 mL of ethanol (96 per cent) R before carrying
out the titration. Heat underreflux for 60 min.

Composition of fatty acids (2.4.22, MethodG)
Prepare reference solution (a) as indicated in
Table 2.4.22.-1.

Column:
- material: fused silica;
- size: I ::;; 30 m, 0 ::;; 0.32 rnm;
- stationary phase: macrogol20 000 R (film

thickness 0.5 pm).

Comer gas helium for chromatography R.
Linear velocity 50 cm/s.
Temperature:

Column

Injection port

Detector
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2022 Polysorbate 80 11-665

nl volume of 0.01.M sodium thioS1lljate required for the substance
to be examined, in millilitres;

nl volume of O.Of M sodium thiosulfate required for the blank
titration, in millilitres;

M molarity of the sodium thiosulfate solution. in moles per litre;
m mass of the substance to be examined, in grams.

potassium iodide solution R, mix and allow to stand for 1 min.
Add 50 mL of carbon dioxide-free waterR and a magnetic
stirring bar. Titrate with 0.01 AI sodium thromlface,
determining the end-point potentiometrically (2.2.21J). Carry
out a blank titration. If the result of the blank determination
exceeds 0.1 mL of titration reagent, replace the reagents and
repeat the determination.

Determine me peroxide value using the following expression:

(n,-n,) x M x 1000

m

Detection Flame ionisation.

Injection I ~L.

Composition of the fauy-acidfraction of the substance:
- stearic acid: 40.0 per cent to 60.0 per cent:
- sum of the contents ofpalmitic and stearic acids: minimum

90.0 per cent.

Ethylene oxide and dIoxan (2.4.25, MethodA)
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Water (2.5.12)
.Maximum 3.0 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.25 per cent, determined on 2.0 g.

STORAGE
In an airtight container, protected from light.

PhE" _

DEFINITION
Mixture of partial esters of fatty acids, mainly Oleic
acid (0799), with sorbitol and its anhydrides ethoxylated with
approximately 20 moles of ethylene oxide for each mole of
sorbitol and sorbitol anhydrides.

.CHARACTERS
Appearance
Oily, colourless or brownish-yellow, clear or slightly
opalescent liquid.

Solubility
Dispersible in water, in anhydrous ethanol, in ethyl acetate
and in methanol, practically insoluble in fatty oils and in
liquid parallin.

Relative density
About 1.l0.

Viscosity
About 400 rnl'a-a at 25 'C.•

IDENTIFICATION
First identificau'on: tAt, D.

OSecond jdemificatiml: B" C" D" B.O
.A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. EIII". reference spectrum of polysorbate 80.•

¢E. Hydroxyl value (see Tests).

C. Saponification value (see Tests).O

D. Composition of fatty acids (see Tests).

OE. Dissolve 0.1 gin 5 mLofme/hylene chloride R. Add 0.1 g
of cobalt nitrateRand 0.1 g of potassium thiocyanate R. Stir
with a glass rod. The solution becomes blue.O

TESTS
Acid value (2.5.1)
Maximum 2.0.

Dissolve 5,0 g in 50 mL of the prescribed mixture of
solvents.

Hydroxyl value (2.5.3, Me/hodA)
65 to 80.

Peroxide value
Maximum 10.0.

Introduce 10.0 g into a 100 mL beaker and dissolve with
20 mL of glacial acetic acid R. Add 1 mL of sall/rated
potassium iodide solution R" mix and allow to stand for 1 min.
Add 50 mL of carbon dioxide-free waterR and a magnetic
stirring bar. Titrate with 0.01 M sodium thiosulfate,
determining the end-point potentiometrically (2.2.2U). Carry
out a blank titration.

Determine the peroxide value using the following expression:

Polysorbate 801

Polyoxyethylene 20 Sorbitan Mono-oleate

(Ph. Eur. monograph 0428)

Action and use
Non-ionic surfactant.

80 ..... 220

220

250

250

Temperature
("C)

Time
(min)

0-14

14 - 54

Column

Injection port

Detector

Saponification value (2.5.6)
45 to 55, determined on 4.0 g.

Use 15.0 mL 0[0.5 i\'1. alcoholic potassium hydroxide and
dilute with 50 mL of ethanol(96 per cen() R before carrying
out the titration. Heat under reflux for 60 min.

Composition offatty acids (2.4.22, MethodC)
Prepare reference solution (a) as indicated in
Table 2.4.22.-1.

Column:
- materiel: fused silica;
- size: 1=30 m, 0 =0.32 mrn;
- stationary phase: macrogol 20 000 R (film thickness

0.5 pm).

Comer gas heliumfor chromawgraphy R.
Linear velocity 50 cm/s.

Temperature:

_____________________ PhE"
(nl-n,)xMx 1000

m

I This mtnlOgrap" has utukrgcme phannacQpQeiaJ hamwnisatitJn.
Seechapter 5.8 Pharmacopoeial harmonisation:
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II-666 Polysorbate 80 2022

n. volume of 0.01 M sodiumthiofll!follrequired for the substance
to be examined, in mlllilitres;

"2 volume of 0.01 M sodium IhioSllIjale required for the blank
titration, in millilirres;

.M molarity of the sodium thiosulfate solution, in moles per litre;
In mass of me substance to be examined, in grams.

Saponification value (2.5.6)
45 (0 55, determined on 4.0 g.

Use 30.0 mL of 0.5 M alcohol;'; potassium hydroxide, heat
under reflux for 60 min and add 50 mL of anhydrous
ethanolR before canying out me titration.

Composition of fatty acids (2.4.22, MethodC)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 nun;
- stationary phase: macrogol 20 000 R (film thickness

0.5 pm).
Carnergas heliumfor chromatography R.

Linearvelocity 50 em/s.

Temperature:

Tim.
(min)

Temperature

CCl

polytetratluoroethylene-coated silicon membrane and an
alwninum cap. 1\1ik carefuUy.

Testsolution (b) Weigh 1.00 g of the substance to be
examined into a 10 mL head-space vial. Add 2.0 rnL of
standard solution, seal me vial immediately with a
polytetrafluoroethylene-coated silicon membrane and an
aluminum cap. Mix carefully.

Reference solution Introduce 2.0 mL of acetaldehyde stock
solution and 2.0 mL of ethylene oxide stock solution into a
10 mL head-space vial and seal the vial immediately with a
polytetraflucroethylene-coated silicon membrane and an
aluminwn cap. Mix carefully.

Column:
- material: fused silica;
- size: 1= 50 ill, 0 =0.53 mm;
- stationary phase: phenyl(5)merily/(95)poiysiloxane R (5 pm).

Carrier gas helium for chromawgraphy R.
Flow rate 4.0 mUmin.

Split ratio 1:3.5.

Static head-space conditions that may beused:
- eqUl7ibration temperature: 80 °c;
- equllioration lime: 30 min.

Temperature:

Detection Flame ionisation.

Injection I ~L.

Composition of thefany-acidfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- palmit;c add: maximum 16.0 per cent,
- patmitoteic acid: maximum 8.0 per cent;
- steaM' acid: maximum 6.0 per cent;
- oleic acid: minimum 58.0 per cent;
- linoleic acid: maximum 18.0 per cent;
- lirlo/mit;acid: maximum 4.0 per cent.

Ethylene oxide and dloxan
Maximum 1 ppm of ethylene oxide and maximum 10 ppm
of dioxan.

Head-space gas chromatography (2.2.21I).

Ethylene oxide stock solution Dilute 0.5 mL of a commercially
available solution of ethylene oxide in methylene chloride
(50 mglmL) to 50.0 mL with waterR. [NOTE: the solution
is stable for 3 months, if stored in vials with
pclytetrafluorcethylene-coated silicone membrane crimped
caps at -20 °C). Allow to reach room temperature. Dilute
1.0 mL of this solution to 250.0 mL with water R.

Dioxansrock solution Dilute 1.0 mL of dioxan R to
200.0 mL with waterR. Dilute 1.0 mL of this solution to
100.0 mL with waterR.
Acetaldehyde stocksolution Weigh about 0.100 g of
acetaldehyde R into a 100 rnL volumetric flask and dilute to
100.0 mL with waterR. Dilute 1.0 mL of this solution to
100.0 mL with waterR.
Standard solution To 6.0 mL of ethylene oxide stock
solution add 2.5 mL of dioxan stock solution and dilute to
25.0 mLwith water R.
Test solution (a) Weigh 1.00 g of the substance to be
examined into a 10 mL head-space vial. Add 2.0 mL of
water R, seal the vial immediately with a

Calculate the content of dioxan in ppm using the foUowing
expression:

70 ..... 250

250

55

2'0

Temperature

,Cl
Time
(miD)

0- 18

18 - 23

Column

Injection port

Detector

Detection Flame ionisation.

Injection 1.0 mL of test solutions (a) and (b) and of the
reference solution.

Relativeretention With reference to ethylene oxide (retention
time =about 6.5 min): acetaldehyde =about 0.9;
dioxan =about 1.9.

System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to

acetaldehyde and ethylene oxide.

Calculate the content of ethylene oxide in ppm using the
following expression:

CEO concentration of added ethylene oxide in test solution (b), in
micrograms per milliIitre;

A.. peak area of ethylene oxide in the chromatogram obtained with
test solution (a);

A b peak area of ethylene oxide in the chromatogrnm obtained with
test solution (b).

CD concentration of added dioxan in test solution (b), in microlitres
per millilitre,

1.03 density of dioxan, in grams per millilitrej
A.., peak area of dioxan in the chromatogram obtained with test

solution (a);
A b , peak area of dioxan in the chromatogram obtained with test

solution (b).

80 -> 220
220

2'0

2'0

0-14
14·54

Column

Injection port

Detector
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PIIEII _

____________________ PIIEII

Water (2.5.12)
Maximum 3.0 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.25 per cent, determined on 2.0 g.

STORAGE
In an airtight container, protected from light.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method1).

Viscosity (2.2.49, MethodA)
85 per cent to lIS percent of the value stated on the label.
Determine tile viscosity immediately after preparation of
solutionS at 20 ± 0.1 °C by usinga falling ball viscometer.

Acid value (2.5.1)
Maximum 2.0, determined on 5.0 g dissolved in 50 mL of
ethanol (96 percenf! R by shaking for 3 h.

Ester value (2.5.2)
615 to 675.

Saponify (2.5.6) 0.500 g in a mixture of 25.0 mL of 0.5 M
alcoholic potassium hydroxide and 25.0 mL of water R.

Residual peroxides
Maximum 100 ppm, calculated as hydrogen peroxide.
Place 0.85 g in a borosilicate glass flask with a ground-glass
neck. Add 10 mL of ethylacetate R and heatunder a reflux
condenser with constant agitation. Allow to cool. Replace the
airin the container with oxygen-free nitrogen R and add a
solutionof 1 mL of glacial acetic acidRand 0.5 g of sodium
iodide R in 40 mL of waterR. Shake thoroughly and allow to
stand protected from lightfor 20 min. Titrate with 0.005 J\1
sodium thiomlfate until the yellowcolouris discharged. Carry
out a blank titration. The difference between the
titration volumes is not greater than 1.0 mL
Vinyl acetate
Head-space gas chromatography (2.2.28).

Test solution (a) Place 0.200 g of the substance to be
examined in a 20 mL vial and add 1.0 mL of
dimethylfonnamide R. Close the vialand secure the stopper.
Shake,avoiding contact betweenthe stopper and the liquid.
Test solution (b) Place 0.200 g of the substance to be
examined in a 20 mL vial and add 1.0 mL of the reference
solution. Close tile vial and secure me stopper. Shake,
avoiding contactbetween me stopper and the liquid.
Reference sdudon Place 15.0 mL of dimethy/formamide R in a
20 mL vial, add 45 Il1. of vinyl acetate Rand 50 ~L of
butanolR and dilute to volume withdimethylfonnamide R.
Dilute 1.0 mL of the solution to 10.0 mL with
dimethy/jormamide R.
Column:
- material: fused silica;
- size: I;;;; 25 m, 0 ;;;; 0.32 mm;
- stationary phase; viny/(1)phenyl(5)methy/(94)poIysiloxane R

(film thickness 0.32 urn).

Cartier gas nitrog~1 furchromatography R.
Flow rate 20 mUmin.
Static head-space conditions that may be used:
- equilibration temperature: 60°C;
- equilibraticn time: 20 min;
- transfer-line temperature: 120 "C;
- carrier gas: nitrogen for chromatography R.

Temperature:
- column: 155 OCt
- inj«u'on port: 120 "C;
- detector. 180 "C.

Detection Flame ionisation.
Injection 1.6 mL of the gaseous phase of test solutions (a)
and (b).

Systemsuitability Test solution (b):
- resolution: minimum 2.0 between the peaks due to vinyl

acetate and butanal;

**** ** ** ****(ph. Bur. monograph 1962)

Poly(vinyl acetate)

DEFINITION
Poly(vinyl acetate) is a thermoplastic polymer obtained by
polymerisation of vinyl acetate using a suitable starter,
without solvent or with water or 2-propanol. The vast
majority of the acetate moieties are attached to non­
neighbouring carbon acorns of the chain.
The index n is about 100-17 000. The relative molecular
mass lies between 10 000 and 1500 000. The viscosity is
4 ml'a-s to 250 ml'a.s. The estervalue, which characterises
the degree of hydrolysis, is 615 to 675.

CHARACTERS
Appearance
Whiteor ahnost whitepowderor colourless granules or
beads.

Solubility
Practically insoluble in water, freely soluble in ethyl acetate,
soluble in ethanol (96 per cent). J( is hygroscopic and swells
in water.

It softens at temperatures above 40-50 "C.

IDENIlFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs prepared as follows: dissolve about
200 mg in 5 mL of cuetone R, place 100 ).lL on a potassium
bromide R disc and dry to evaporate the solvent. Alternatively,
tile spectrum may be recorded directly by attenuated total
reflectance (ATR).

Comparison paly(vinyl acetate) CRS.

B. Viscosity (see Tests).
C. Saponify (2.5.6) 0.500 g in a mixture of 25.0 mL of
0.5 M alcoholi< potassium hydroxide and 25.0 mL of water R.
0.15 mLof tile solution obtained givesreaction (b) of
acetates (2.3.1).

TESTS
Solution S
Suspend 50.0 g in 100 mL of ethylacetate R in a borosilicate
glassflask with a ground-glass neck. Heat undera reflux.
condenser with constantstirring for 30 min. Allow to cool.
Filter through a sinrered-glass filter (16) (2.1.2), wash the
residue with 50.0 mL of ethylacetate R andpour the filtrate
into a 250 mL graduated lIask. Dilute to 250 mL with ethyl
QUrate R.
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II-668 Poly(vinyl acetate)

- signal-to-noise ratio: minimum 5 for the peak due to vinyl
acetate.

Calculate the percentage content of vinyl acetate using the
following expression:

Poly(vinyl acetate) Dispersion
30 per cent
(Ph. Eur. monograph 2152)

2022

**** ** ** ****

VxS, xO.931

Sa area (or height) of the peak due to vinyl acetate in the
chromatogram obtained with test solution (a)i

S2 area (or height) of the peak due to vinyl acetate in the
chromatogram obtained with lest solution (b);

"'I mass of the substance to be examined used to prepare test
solution (a), in grams;

"'2 mass of the substance to be examined used to prepare test
solution (b), in grams;

0.931 density of vinyl acetate, in grams per miUilitrej
V volume of vinyl acetate used (0 prepare the reference

solution, in microlitres.

Limit:
- vinyl acetate: maximum 0.3 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Mextmum 0.1 per cent, determined on 1.0 g.

STORAGE
In an airtight container.

LABELLING
The label states:
- the nominal relative molecular mass;
- the viscosity.

FUNCTIONAIJTY·RELATED CHARACTERISTICS
Thissection provides information on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Some of thecharacteristics desctibed in the Functionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they alsorepresent mandatory quality
oiteria. In such cases, a cross-reference to the testsdescribed in the
mandatorypan isinduded in the Functionality-related
characteristics section. Control of the choraaeriuics can contribute
to thequalityof a medicinal product by improving the consistency
of the monufactuting process and theperformance of the medicinal
product during use. W'here control methods arecited, they are
recognised as being suitable for thepurpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reponed, thecontrol meshed must be indicated.
Thefollowing characteristics mqy be relevant for poly(vinyl
acetate) used as matrixformer in prolonged-release dosage forms or
film former.

Viscosity
(see Tests).

Solubility of a lIIm
Place 3 mL of solution S on a glass plate and dry. Place the
film obtained in 50 mL of phosphate buffersolution pH 6.8 R
whilst stirring continuously. The film does not dissolve within
30 min.
____________________ PIIE<r

PIIE<r _

DEFINlTION
Dispersion in water of poly(vinyl acetate) having a mean
relative molecular mass of about 450 000. It may contain
Povidone (0685) and a suitable surface-active agent, such as
Sodium laurilsulfate (0098), as stabilisers.

Content
25.0 per cent to 30.0 per cent of poly(vinyJ acetate).

CHARACTERS
Appearance
Opaque, white or almost white, slighdy viscous liquid.

Solubility
Miscible with water and with ethanol (96 per cent).

It is sensitive to spoilage by microbial contaminants.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Prepamdon Dry 1 mL in vaclWJ dissolve the residue in
acetone R, and spread 1 drop of the solution between
2 sodium chloride R plates; remove 1 plate and aUow the
solvent to evaporate.

Comparison Repeat the operation using poly(vinyl acetate)
dispersion 30 per emr CRS.

B. Place 3 mL on a glass plate and aUow to dry. A clear film
is formed.
C. 50 mg gives the reaction of acetyl (2.3.1).

TESTS
Agglomerates
Filter 100.0 g through a tared stainless steel sieve (90). Rinse
with water R until a clear filtrate is obtained and dry to
constant mass at 100-105 °C. The mass of the residue is not
greater than 0.5 g.

Vinyl acetate
Liquid chromatography (2.2.29).

Testsolution Introduce 0.250 g into a 10 mL volumetric
flask and add about 1 mL of methanol R. Sonicate.
Add about 8 mL of waterR. Sonicate and dilute to 10.0 mL
with water R. Centrifuge for about 10 min and filter.

Reference solution (a) Dissolve 5.0 mg of vinyl acetate CRS
in methanol R and dilute to 10.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 20.0 mL with mobile
phase A. Dilute 1.0 mL of this solution to 10.0 mL with
mobile phase A.

Reference solution (b) To 5 mg of vinyl acetate Rand 5 mg
of 1-vinylpyn-olidin-2-one R, add 10 mL of merhanol Rand
sonicate. Dilute to 50 mL with mobile phase A. Dilute 1 mL
of the solution to 20 mL with mobile phase A.
A precolumn containing end-capped ocrade<y/silyl silica gelfor
chromategraphy R (5 pm) may be used if a matrix effect is
observed.

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: polarend-capped ocrade<y/silyl silica gelfor

chromarography R (5 ~m);

- temperature: 30 °C.

Mob~e phase:
- mobIle phase A: acetonitn7e RJ J methanol R2, water for

chromawgraphy R (5:5:90 VIVIII);
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N percentage content of nitrogen.

- mobile phase B: methanol R2, aceumiuile RJ, waterfor
chromatography R (5:45:50 VIVIV);

Flow rate J.O mUmin.
Delation Spectrophotometer at 205 nm.

Injection 10 ~L.

System suitabl1ity Reference solution (b):
- resolution: minimum 5.0 between me peaks due to vinyl

acetate and l-vlnylpyrrolidin-z-one.

Limit:
- vinyl acetau: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(100 ppm).

Povidone
Maximum 4.0 per cent.
Carry out the determination of nitrogen by sulfuric acid
digestion (2.5.9), using 0.25 g. Calculate the percentage
content of povidone using the following expression:

N
0.126

preparation to be examined in the crucible and weigh, Dry at
100-105 °C for 1 h and ignite in a muffle furnace at
600 ± 25 °C} until the substance is thoroughly charred.
Carry out the test for sulfated ash (2.4.14) on the residue
obtained} starting with "Moisten the substance to be
examined...".

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

ASSAY
Determine the saponification value (2.5.6) on 1.5 g and
calculate the percentage content of poly(vinyl acetate) using
the following expression:

I, saponification value.

(ph. Eur. monograph 1961)

.f?H 1.~"H
HNm

1, xO.1534

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as being releuaru conrro/ parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Some of thecharacteristics described it' the Functionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory quality
cruetia. In such cases, a cross-reference co the tests described in the
mandatory partis induded in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal product by impTO'fling the consistency
of the manufacturing prows and thepeifomtanu of the medicinal
product during use. Il7here contro; methods arecited, they are
recognised as being suitable for thepurpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reported} the control methodmust be indicated.
Thefollowing choracteristics may berelevant for poIy(viny/
acetate) dispersion 30 per cent usedin the manufacture of
modified-release dosage forms and Ie mask taste.

Solubility of a Iilm
Place the :film obtained in identification test B in 50 mL of
piwsphate buffer solution pH 6.8 R whilst stirringcontinuously.
The film does not dissolve within 30 min.

Apparent viscosity (2.2. Hf)
Maximum 100 ml'a-s, determined using a rotating
viscometer at 20 °C and a shear rate of 100 S-I.

STORAGE
At a temperature of 5 °C to 30 °C. Handle the substance so
as to minimise microbial contamination.

Poly(vinyl alcohol)

_____________________ !'hE"

!'hE" ~ _

DEFINITION
Poly(vinyl alcohol) is obtained by polymerisation of vinyl
acetate} followed by partial or almost complete hydrolysis of
poly(vinyl acetate) in the presence of catalytic amounts of
alkali or mineral acids.

o
o 20

20 100

100 --> 0

Mobile phase B
(per cent VIJI)

100
100 ..... 80

80 ---> 0

0 ..... 100

Mobile phase A
(per cent VIJ.')

Tim.
(min)

0-2

2 - 26

26 - 27

27 - 30

Acetic acid
Liquid chromatography (2.2.29).

Test solution Mix 0.200 g with waterR. Sonicate for about
10 min and dilute to 10.0 mL with waterR.
Reference solution Dissolve 30.0 mg of acetic add R and
30 mg of ciuicacidmonohydrate R in the mobile phase. Shake
gently to dissolve and dilute to 100.0 mL with the mobile
phase.

Column:
- size: / =0.25 m, 0 =4.6 mID;
- stationary phase: polar end-eapped oetadecy/si/y/ silica gelfor

chromatography R (5 urn).

MoMe phase 0.005M su!furic acid.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 om.

Injection 20 ~L; after each injection} rinse the colwnn with a
mixture of equal volumes of acetonitn7e Rl and 0.005 M
su/furic acid.
Retention time Acetic acid = about 6 min; citric
acid =about 8 min.

System suitability Reference solution:
- resolution: minimum 2.0 between the peaks due to acetic

acid and citric acid.

Limir:
- acetic acid: not more than the area of me corresponding

peak in the chromatogram obtained with the reference
solution (1.5 per cent).

Residue on evaporation
28.5 per cent to 31.5 per cent} determined on 1.000 g at
110 'C for 5 h.

Sulfated ash
Maximum 0.5 per cent, detennined on 1.0 g.

Heat a silica crucible to redness for 30 min, allow to cool in
a desiccator and weigh. Evenly distribute 1.00 g of the
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Poly(vinyl alcohol) polymers comply with the following
indices:

o<~ < 0.35-m-

Esrer value (2.5.2)
90 per cent to 110 per cent of the value stated on the label.

Saponify (2.5.6) 1.00 g in a mixture of 25.0 mL of 0.5 M
alcoholic potassium hydroxide and 25.0 rnL of water R.

The mean relative molecular mass lies between 20 000 and
150 000. The viscosity is 3 ml'a-s to 70 ml'a.s. The ester
value,whichcharacterises the degree of hydrolysis, is not
greater than 280.

CHARACTERS
Appearance
Yellowish-white powder or translucent granules.

Solubility
Soluble in water, slightly soluble in ethanol, practically
insoluble in acetone.

Various grades ofpoly(vinyl alcohol) are available. They
differ in their degree of polymerisation and their degree of
hydrolysis which determine the physical properties of the
different grades. They are characterised by the viscosity and
the ester value of the substance.

127-1J8.2

(Ph. Eur. monograph 1139)

C2H,K02 98.1

Potassium Acetate

Action and use
Used in solutions for dialysis.

Preparation
Potassium Acetate Sterile Concentrate

____________________ PhEII

DEFINITION
Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals, deliquescent.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
A. It gives reactioo (a) of acetates (2.3.1).

B. Ir gives reaction (a) of potassium (2.3.1).

Ph Ell _

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the subsumce whenused as an excipient (see chapter
5.15). Some of thecharaaeriuiadesctibed in the Functionality­
related charaaetistics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory quality
cn'te'n'a. In such cases, a cross-reference to the rests described in the
mandatory part is indudedin the Funaionaiity-rdoud
characteristics section. Control of thecharacteristics can amtribtue
to the qualityof a medicinal produa by improving the consistency
of the manufacturing process and theperformance of the medicinal
product duringuse. W'hen! control methods arecited, they are
recognised as being suitable for thepurpose, but other methods can
also be used. W'henmer results for a particular characteristic are
reported) the control method must be indicated.
Thefollowing characteristics may berelevant for paly(vinyl
akohol) usedas uiscosity-increasing agent, binder orfilm fonner.

Viscosity
(see Tests).

Ester value
(see Tests).

Infrared absorption spectrophotometry
(see Identification A).

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

Sulfured ash (2.4.14)
.Maximum 1.0 per cent, determined on 1.0 g.

LABELLING
The label states:
- the viscosity for a 40 gIL solution;
- the ester value.

2.805V
2

volume or 0.05M polcusium hyclro:ciik used. in mlllihtres.v

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison paly(viriyl akohol) CRS.
The intensities of the absorption bands at about 1720 em"!
and 1260 em-I are inversely proportional to the degree of
hydrolysis.

B. Viscosity (see Tests).

TESTS
Solution S
Heat on a water-bath 250 mL of waterR in a borosilicate
round-bottomed flask attached to a reflux condenser with
stirrer, add 10.0 g of the substance to be examined
(correcting for the loss on drying) and continue heating for
30 min with continuous stirring. Remove the flask from the
water-bath and continue stirring until room temperature is
reached.

Appearance of soludon
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method If).

pH (2.2.3)
4.5 to 6.5 for solution S.

Viscosity (2.2.49, Method A)
85 per cent to 115 per cent of the value stated on the label.

Determine the viscosity using a falling ball viscometer
immediately after preparation of solution S at 20 ± 0.1 "C.

A.cld value
Maximum 3.0.

Add I mL of phenolphthalein solution R to 50 mL of
solution S and titrate with 0.05 M potassium hydroxilkuntil
the pink colour persists for 15 s. Calculate the acid value
using the following expression:

J
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PhE<r _

DEFINITION
Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
White or almost white, crystaUine powder or colourless
crystals.

SolubiIlty
Freelysoluble in water, practically insoluble in ethanol
(96 per cent).
Whenheated in the drystateor insolution) it is gradually
converted to potassium carbonate.

IDENTIFICATION
A. To 5 mL of solution S (see Tests) add 0.1 mL of
phenolphthalein solution R. A palepink. colour is produced.
Heat; gas is evolved and the colour becomes red.
B. It gives the reaction of carbonates and bicarbonates
(2.3.1).

C. I mL of solution S gives reaction (b) of potassium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in 90 mL of carbon dioxide-free waterR
prepared from distilled water R and dilute to 100 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Carbonates
The pH (2.2.3) of freshlyprepared solution S is not greater
than 8.6.

Chlorides (2.4.4)
Maximum 150 ppm.
Dilute 7 mL of solution S to 15 mLwith dilute nitric acid R.

Sulfates (2.4.13)
Maximum 150 ppm.
Dilute 10 mL of solution S to 15 mL with acetic acid R.
Prepare the standard using a mixture of 7.5 mL of sulfate
standard solution (10 ppm SO.,) Rand 7.5 mL of distilled
waterR.

Ammonium (2.4.1)
Maximum 20 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Calcium (2.4.3)
Maximum 100 ppm.

Dilute 10 mL of solution S to 15 mL with acetic acid R.
Prepare the standard using a mixture of 5 mL of calcium
standard solution (10 ppm CaY Rand 10 mL of distilled
water R.
Iron (2.4.9)
Maximum 20 ppm; determined on solution S.

TESTS
Solution S
Dissolve 10.0 g in distilled water R and dilute to 100 mL with
the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

pH (2.2.3)
7.5 to 9.0.
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
20 mL with the same solvent.

Reducing substances
Dilute 10 mL of solution S to 100 mL with waterR.
Add 5 mL of dilute sulfuric acidRand 0.5 mL of a 0.32 gIL
solutionof potassium permanganare R. Mix and boil gentlyfor
5 min. The solution remains pink.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 2.5 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solution S to IS mL with distilled waterR.

A1uminlum (2.4.17)
Maximum 1 ppm, if intended for use in the manufacture of
peritoneal dialysis solutions, haemofiltration solutions or
haemodialysis solutions.

Prescribed so/mUm Dissolve 2.0 g in 50 mL of water Rand
add 5 mL of acetate buffersolution pH 6.0 R.

Reference solution .Mix 1 mL of aluminium standard solution
(2 ppm AD R, 5 mL of acetate buffer solution pH 6.0 Rand
49 mL of waterR.
Blank solution Mix 5 mL of acetate buffer solution pH 6.0 R
and 50 mL of waterR.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with walerR.

Sodium
Maximum 0.5 per cent.

Atomic emission spectrometry (2.2.22, MethadII).
Test solutian Dissolve 1.00 g in waterR and dilute to
100.0 mL with the same solvent.

Reference solutions Prepare the reference solutions using
sodium standard solution (200 ppm Na) R, diluted as necessary
with waterR.
Wavelength 589 nrn,

Loss on drying (2.2.32)
Maximum 3.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

ASSAY
Dissolve 80.0 mg in 20 mL of anhydrous acetic acidR.
Add 0.2 mL of naphtholbenzein solution R. Titrate with 0.1 M
perchloric acid. Carry out a blank titration.
1 mL of 0.1 M perchioric add is equivalent to 9.81 mg
ofC,H,KO,.

STORAGE
In an airtight container.
_~ ~ PhE<r

Potassium Bicarbonate
(Potassium Hydrogen Carbonate, Ph. Bur. monograph
1141)

KHCO, 100.1

Action and use
Excipient.

•••• •• •• ••••

298-14-6
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PIlE" _

___________~ -----PIIE"

Sodium
Maximum 0.5 per cent

Atomic emission spectrometry (2.2.22, Method 11).
Test solution Dissolve 1.00 g in water R and dilute to
100.0 mL with the same solvent.

Reference solutions Prepare the reference solutions using
sodium standardsolution (200 ppm Na) R, diluted as necessary
with waterR.
Wavelength 589 nm.

ASSAY
Dissolve 0.800 g in 50 mL of carbon dioxide-free waterR.
Titrate with l1H hydrochloric acid, determining theend-point
potentiometrically (2.2.20). Read the volmne added at the
2nd point of inflection, or at the point of inftection if only
1 point is detected.
I mL of 1 M hydrochloric acid is equivalent to 0.1001 g
ofKHC03 •

DEFINITION
Content
98.5 per cent to 1OJ.O per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely solublein water and in glycerol, slightly soluble in
ethanol (96 per cent).

IDENTIFICATION
A. It gives reaction (a) of bromides (2.3.1).

B. Solution S (see Tests) gives the reactions of potassium
(2.3.1).

TESTS
Solution S
Dissolve 10.0 g ln. carbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

Acidity or alkalInity
To 10 mL of solution S add 0.1 mL of bromorhymol blue
sdution Rl. Not more than 0.5 mL of 0.01 M hydrochlori<
acid or 0.01 it,{ sodium hydroxide is required to change the
colour of the indicator.

Bromates
To 10 mL of solution S add I mL of starch solution R,
0.1 mL of a 100 gIL solution of potassium iodide Rand
0.25 mL of 0.5 M '''lfuri< acid and allow to stand protected
from light for 5 min.No blue or violet colourdevelops.

Chlorides and sulfates
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 00400 g of the substance to be
examined in 50 mL of waterfor chromatography R and dilute
to 100.0 mL with the same solvent.
Test ,00111;"n (b) Dilute 25.0 mL of test solution (a) to
50.0 mL withwaterfor chromatography R.
Reference sdution (a) To 25.0 mL of test solution (a) add
1.0 mL of SII/fate standard ,ol",;"n (10 ppm SO,) Rand
J2.0 mL of chloride standard sdution (50 ppm CD R and dilute
to 50.0 mL with waterfor chromatography R.

Reference solution (b) Dilute 10 mL of test solution (a) to
100 mL withwaterfor chromatography R. To 2 mL of this
solution add 8 mL of chloride standard soluuon (50 ppm CD R
and dilute to 20 mL with waterfor chromatography R.
Blank solutwn waterfor chromatography R.
Column:
- size: 1:= 0.25 m, 0 =2 mrn;
- stationary phase: strongly basic anion-exchange resin for

chromatography R2 (13 pm).

MoMe phase Dissolve 0.600 g of potassium hydroxide R in
waterfor chromatography R and dilute to 1000 mL with the
same solvent.
Flowrate 0.4 mUmin.
Detection Conductivity detector equipped with a suitable ion
suppressor.
Injection 50 ilL of test solution (b), reference solutions (a)
and (b) and the blank solution.

Run time 2.5 times the retention time of bromide.
Retention time Chloride = about 5 min; bromide := about
8 min; sulfate = about 16 min.
System suitability Reference solution (b):
- resolution: minimum8.0 between the peaksdue to

chloride and bromide.
Calculation ofpercentage contents:
- for chlorides, use the concentration of chloride in

reference solution (a); correct the area of the peak due to
chloride in the chromatogram obtained with reference
solution (a) by subtracting the area of the peakdue to
chloride in the chromatogram obtained with test
solution (b);

- for sulfates, use the concentration of sulfate in reference
solution (a); correct the area of the peakdue to sulfate in
the chromatogram obtained with reference solution (a) by
subtracting the area of the peak due to sulfate in the
chromatogram obtained with test solution (b).

Limits:
- chlorides: maximum 0.6 per cent;
- sulfales: maximum 0.01 per cent.

Iodides
To 5 mL of solution S add 0.15 mL offerne chloride
sdution Rl and 2 mL of methylene chloride R. Shake and allow
to separate. The lower-layer is colourless (2.2.2, lWethod l).

Iron (2.4.9)
Maximmn 20 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.

Magnesium and alkaline-earth metals (2.4.7)
Maximum 200 ppm, calculated as Ca.
10.0 g complieswith the test for magnesium and alkaline­
earth metals. The volume of 0.01 M sodium edetate used does
not exceed 5.0 roL.
Loss on drying (2.2.32)
Maximwn 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

7758-02-3

Potassium Bromide
(Ph. E"r. monograph 0184)

KBr 119.0
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a-3.357 b

___________________ PhE"

a percentage conrenr of KDc and KCI obtained in the assay and
cakulated as KBrj

b percentage content of CI obtained in the lest for chlorides.

To 5 mL of solution S add 1 mL of concentrated ammonia R.
Boil. Cool. Dilute to 15 mL with distiUed waterR.

Iron (2.4.9)
Maximum 10 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.

Loss on drying (2.2.32)
Maximum 5.0 per cent) determined on 0.300 g by drying in
an oven at 120-125 'C for 5 h.

ASSAY
Dissolve 0.500 g in 50 mL of carlxm dioxide-free waterR.
Carry out a potentiometric titration (2.2.20>, using I i\oJ
hydrochloric acid. Read the volume added at the 2nd point of
inflexion.

I mL of 1 M hydrochloric acid is equivalent to 69.1 mg
ofK2C0 3 •

STORAGE
In an airtight container.
___________________ "'Eu

584-08-7

(ph. Eur. monograph 1557)

K,C03 138.2

Potassium Carbonate

ASSAY
Dissolve 100.0 mg in waterR, add 5 mL of dilute nitric add R
and dilute to 50 mL with waterR. Titrate with 0.1 M siluer
nitrate, determining the end-point potentiometricaUy (2.2.20).

1 mL of 0.1 Al silver nitrate is equivalent to 11.90 mg oCKBr.

Calculate the percentage content of KBr using the following
expression:

"'E<I _

Action and use
Used in prevention and treatment of potassium deficiency
and electrolyte imbalance.

Preparations
Bumetanide and Potassium Prolonged-release Tablets

Oral Rehydration Salts

Magnesium Sulfate, Potassium Chloride and Sodium
Chloride Infusion

Potassium Chloride and Glucose Infusion

Potassium Chloride and Sodium Chloride Infusion

Potassium Chloride, Sodium Chloride and Glucose Infusion

Potassium Chloride Oral Solution

Potassium Chloride Sterile Concentrate

Potassium Chloride Prolonged-release Tablets

DEFINITION
Content
99.0 per cent to 101.0 per cent ofKCl (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water, practically insoluble in anhydrous
ethanol.

IDENTIFICATION
A. It gives reaction (a) of chlorides (2.3.1).

B. Solution S (see Tests) gives the reactions of
potassium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distilled water R and dilute [0 100 mL with the same solvent.

7447-40-7

(ph. Bur. monograph 0185)

KCl 74.5

Potassium ChlorideAction and use
Excipient.

DEFINITION
Content
99.0 per cent (0 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white granular powder, hygroscopic.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Dissolve 1 g in 10 mL of waterR. The solution is strongly
alkaline (2.2.4).

B. 2 mL of the solution prepared for identification test A
gives the reaction of carbonates and bicarbonates (2.3.1).

C. 1 mL of the solution prepared for identification test A
gives reaction (b) of potassium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in 25 mL of distdled water R. Slowly add
14 mL of hydrochlom acidR. When the effervescence has
ceased, boil for a few minutes. Allow to cool and dilute to
50 mL with distilled waterR.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2, lvlelhod 11).

CWorides (2.4.4)
Maximum 100 ppm.

Dissolve 0.50 g in 10 mL of water R. Carefully add dropwise
I mL of nimc acidR. Boil. Cool, add 5 mL of dilute nitric
acidR and dilute to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 100 ppm.

Dilute 7.50 mL of solution S '0 15 mL with distd/ed waterR.

Calcium (2.4.3)
Maximum 100 ppm.

"'Eu _
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PhEu _

6100-05-6324.4

Action and use
Alkalisatioa of urine.

Preparation
Potassium Citrate Mixture

(ph. Bur. monograph 0400)

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

ASSAY
Dissolve 60.0 rng in waterR, add 5 mL of dilute nitric acidR
and dilute to 50 mL with waterR. Titrate with 0./1\1 silver
nitrate, determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M silver nitrate is equivalent to 7.45 mg of KCI.

LABELLING
The label states:
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations;
- where applicable, that the substance is suitable for use in

the manufacture of haemodialysis solutions.

Potassium Citrate

DEFINITION
Tripotassium 2-hydroxypropane-J,2,3-tricarboxylate
monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, granular powder or transparent
crystals, hygroscopic.

Solubility
Very soluble in water, practically insoluble in ethanol
(96 per cenr).

IDENTIFICATION
A. To I mL of solution S (see Tests) add 4 mL of water R.
The solution gives the reaction of chrates (2.3.1).

B. 0.5 mL of solution S gives reaction (b) of potassium
(2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distiUed waterR and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Memodjf).

Acidityoralkalinlty
To 10 mL of solution S add 0.1 mL of phenolphthalein
solurion R. Not more than 0.2 mL of 0.1 M hydrochloric acid
or 0.1 M sodium hydroxide is required to change the colour of
the indicator.

___________________ PhE"

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method If).

Acidity or alkalinity
To 50 mL of solution S add 0.1 mL of bromothymol blue
solution R1. Not more than 0.5 mL of 0.01 M hydrochloric
acidor 0.01 jH sodium hydroxide is required to change the
colour of the indicator.

Bromides
Maximum 0.1 per cent.

Dilute 1.0 mL of solution S to 50 mL with waterR.
To 5.0 mL of the solution add 2.0 mL of phenolred
sdution R2 and 1.0 mL of chloramine solution Rl and mix
immediately. After exactly 2 min add 0.15 mL of 0.1 M
sodium thiosulfate, mix and dilute to 10.0 mL with warer R.
The absorbance (2.2.25) of the solution measured at
590 run, using water R as the compensation liquid, is not
greater man that of a standard prepared at the same lime and
in the same manner using 5 mL of a 3.0 mgIL solution of
potassium bromide R.

Iodides
Moisten 5 g by the dropwise addition of a freshly prepared
mixture of 0.15 mL of sodium nimte solution R, 2 mL of
0.5 M sulfuric acid, 25 mL of iodide-free starch solurion Rand
25 mL of wawrR. After 5 min, examine in daylight.
The substance shows no blue colour.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 5 mL of solution S [0 15 mL with distilled waterR.

Alum1nlum (2.4.17)
Maximum 1.0 ppm, if intended for use in the manufacture of
haemodialysis solutions.

Presctibed solution Dissolve 4 g in 100 mL of waterR and
add 10 mL of ace/ate buffer solution pH 6.0 R.
Reference solution Mlx 2 mL of aluminium standard sdsuion
(2 ppm AQ R, 10 mL of acetate buffer solution pH 6.0 Rand
98 mL of water R.

Blank solution Mix 10 mL of acetate buffersolution pH 6.0 R
and 100 mL of water R.

Iron (2.4. 'J)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with walei' R.

Magnesium and alkaline-earth metals (2.4.7)
Maximum 200 ppm, calculated as Ca and determined on
10.0 g using 0.15 g of mordant b/cu;k 11 triturate R.
The volume of 0.01 ""1 sodium edetate used is not more man
5.0 mL
Sodium
Maximum 0.1 per cent, if intended for use in the
manufacture of parenteral preparations or haernodialyais
solutions.

Atomic emission spectrometry (2.2.22, l\1ethod 1).

Test solution Dissolve 1.00 g of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent.

Reference solutions Prepare the reference solutions by diluting
as required a solution containing 200 I-tg of Na per millilitre,
prepared as follows: dissolve in waterR 0.5084 g of sodium
chloride R, previously dried at 105°C for 3 h, and dilute to
1000.0 mL with the same solvent.

Wavelength 589 nm.
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Potassium Clavulanate

Action and use
Beta-lactamase inhibitor, potentiation of the action of
amoxicillin and ticarcilhn.

Preparations
Co-amoxiclav Injection

Co-amoxiclav Oral Suspension

Co-amoxlclav Tablets

Co-amoxiclav Dispersible Tablets

Ticarcillin and Clavulanic Acid Infusion

6II77-45-5237.3

(Ph. Eur. monograph JI40)

C.HsKNO,

DEFINITION
Potassium (2R,3Z,5R)-3-(2-hydroxyethylidene)-7-oxo-4-oxa­
l-azabicyclo[3.2.0]heptane-2-carboxylate, the potassium salt
of a substance produced by the growth of certain strains of
Streptomyces dauuligerus or obtained by any other means.

Content
96.5 per cent to 102.0 per cent (anhydrous substance),

CHARACTERS
Appearance
White or almost white, crystalline powder, hygroscopic.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent), very slightly soluble in acetone.

PRODUCTION
The methods of production, extraction and purification are
such that clavam-2-carboxylate is eliminated or present at a
level not exceeding 0.01 per cent.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of potassium
clavulanate.
B. It gives reaction (b) of potassium (2.3. I).

TESTS
Solution S
Dissolve 0.400 g in carbon dioxide-free water R aod dilute to
20.0 mL with the same solvent.

pH (2.2.3)
5.5 to 8.0.

Dilute 5 mL of solution S to 10 mL with carbon dioxide-free
waterR.

Specific optical rotation (2.2.7)
+ 53 to + 63 (anhydrous substance), determined on
solution S. .

Polymeric impurities and other impurities absorbing at
278nm
Dissolve 50.0 mg in 0.1 M phosphate buffer solution pH 7.0 R
and dilute to 50.0 mL with the same buffer solution.
.Measure the absorbance immediately.

Readily carbonisable substances
To 0.20 g of the powdered substance to be examined add
10 mL of sulfuric acidR and heat in a water-bath at
90 ± 1 °C for 60 min. Cool rapidly. The solution is not
more intensely coloured rhan reference solution Y z or GYz
(2.2.2, Method II).

Chlorides (2.4.4)
Maximum 50 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Oxalates
Maximum 300 ppm.

Dissolve 0.50 g in 4 mL of waterR, add 3 mL of hydrochloric
acidRand 1 g of zinc R in granules and heat on a water-bath
for 1 min. Allow to stand for 2 min, decant the liquid into a
test-tube containing 0.25 mL of a 10 gIL solution of
phenylhydrazine hydrochloride R and heat to boiling, Cool
rapidly, transfer to a graduated cylinder and add an
equal volume of hydrochloric acidRand 0.25 mL of potassium
ferricyanide solution R. Shake and allow to stand for 30 min.
Any pink colour in the solution is not more intense than that
in a standard prepared at the same time and in the same
manner using 4 mL of a 0.05 gIL solution of oxalic acidR.

Sulfates (2.4.13)
Maximum 150 ppm.

To 10 mL of solution S add 2 mL of hydrochloric acidRI and
dilute to 15 mL with distilled waterR.

Sodium
Maximum 0.3 per cent.

Atomic emission spectrometry (2.2.22, Method II).

Test solution To 10 mL of solution S add 1 mL of dilute
hydrochloric acidR and dilute to 100 mL with distilled waterR.

Reference solutions Prepare the reference solutions using a
solution of sodium chloride R containing 1 mg of Na per
millilitre diluted as necessary with distilled water R.

Wavelength 589 run.

Water (2.5.12)
4.0 per cent to 7.0 per cent, determined on 0.250 g. Use a
mixture of 1 volume offonnamide Rand 2 volumes of
methanol R as solvent. After adding the substance to be
examined, stir for 15 min before titrating.

ASSAY
Dissolve 0.150 g in 20 mL of anhydrous acetic acidR, heating
to about 50 °C. Allow to cool. Titrate with O. I M perchloric
acid using 0.25 mL of naphtholbenzein solution R as indicator
until a green colour is obtained.

1 mL of 0./ lW perchioric add is equivalent to 10.21 mg
of CoH,K,07.

STORAGE
In an airtight container.
_____________________ P1>E"
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The absorbance (2.2.25) of the solution determined at
278 run is not greater than 0.40.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Testsohnion Dissolve 0.250 g of the substance [0 be
examined in mobile phase A and dilute [0 25.0 mL with
mobile phase A.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A.
Reference solution (b) Dissolve 10 mg of lilhium
dmndanate CRS and 10 mg of amoxiciilin trihydrate CRS in
mobile phase A and dilute £0 100 mL with mobile phase A.
Reference soluuon (c) Dissolve 2 mg of potassium clavutanore
impurity G CRS in 20 mL of mobile phase A.

Column:
- size: 1= 0.10 m, (2) =4.6 mm;
- stationary phase: octade<ylsilyl silica gelfor chromatagraphy R

(5 urn};
- temperature: 40 "C.

Mobile phase:
- moMephaseA: 7.8 gIL solution of sodium dihydrogen

phosphat< R, adjusted to pH 4.0 with phosphoric acidR;
- mobile phaseB: a mixture of equal volumes of methanol RJ

and mobile phase Ai

TUm Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-. 100 0
4 - 15 tOO ..... 50 0 ..... 50

15 - 18 50 50

2022

N ,N'-diisoprcpylethylenediamine; 2,2'-oxybis(N,N)
dimethylethylamine.

Internal standard solution Dissolve 50 pL of 3-methylpentan­
z-one R in walO R and dilute to 100.0 mL with the same
solvent.

Test solution Weigh 1.00 g of the substance to be examined
into a centrifuge tube. Add 5.0 mL of the internal standard
solution, 5.0 mL of dilute sodium hydroxide solution R,
10.0 mL of waterR, 5.0 mL of 2-methy/propanol Rand 5 g of
sodium chloride R. Shake vigorously for 1 min. Centrifuge to
separate the layers.

Reference solution Dissolve 80.0 mg of each of the following
amines: 1,1-dimethylethylamine Rj tetramelhykthylenediamine Rj
1,1,3, 3-telramethylbuty lamine Rj NJN'­
diisopropylethylenediamine Rand Z,2'-oxybis(N,N­
dimethylethy/amine) R in dilute hydrochloric acidR and dilute to
200.0 mL with the same acid. Introduce 5.0 mL of this
solution into a centrifuge tube. Add 5.0 mL of the internal
standard solution, 10.0 mL of dilute sodium hydroxide
solution R, 5.0 mL of 2-methy/propanol Rand 5 g of sodium
chloride R. Shake vigorously for J min. Centrifuge to separate
the layers.

Column:
- material: fused silica;
- size: 1= 50 m, 0 = 0.53 mm;
- stationary phase: phenyl(5)methy/(95)polysiloxane R (film

thickness 5 urn).

Carriergas heliumfor chromatography R.

Flow rate 8 mIJmin.

Splir rado 1:10.

Temperature:

Detection Flame ionisation.

Injection 1 f.IL of the upper layers obtained from the test
solution and the reference solution.

Relative retention With reference to 3-methylpentan-2-one
(retention time =about 11.4 min): impurity H =about 0.55;
impurity J =about 1.07; impurity K =about 1.13;
impurity L =about 1.33; impurity M =about 1.57.

Limit:
- totalof aliphatic amines: maximum 0.2 per cent.

2-Ethylhexanoic acid (2.4.21!)
Maximum 0.8 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.00 g.

Bacterial endotoxins (2.6.14)
Less than 0.03 Wlmg if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29). Prepare the solutlOm
immediately before use.

Test solution Dissolve 50.0 mg of me substance to be
examined in a 4.1 gIL solution of sodium acetate R previously

Flow rate 1 mUmin.
Detection Spectrophotometer at 230 run.

Injection 20 flL.
ldemification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity G.

Relative retention With reference to clavulanate (retention
time =about 3 min): impurity E =about 2.3;
impurity G = about 3.6.

System suitability Reference solution (b):
- resolution: minimum 13 between the peaks due to

clavulanate (IS!peak) and amoxicilHn (2nd peak).

Limits:
- impun·ties E, G: for each impurity, not more than the area

of the principal peak in the chromatogram obtained with
reference solution (a) (1.0 per cent);

- any other intpun·ty: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.2 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(2.0 per cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Aliphatic amines
Gas chromatography (2.2.28).

The method shown below can be used to determine the
following aliphatic amines: 1,1-dimethylethylamine;
tetramethylethylenediamine; 1,1,3,3-tetramethylbutylaminej

Colunm

Injection port

Detector

Time
(min)

0-7

7 - 10.8

10.8 - 25.8

Temperature
CC)
35

35 ..... 150

150

200

250
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adjusted to pH 6.0 with glacial acetic acidR, and dilute to
50.0 mL with the same solution.

Reference solution (a) Dissolve 50.0 mg of lithium
clavulanace CRS in a 4.1 gIL solution of sodium acetate R
previously adjusted to pH 6.0 with glacial acetic acidRand
dilute (0 50.0 mL with the same solution.

Reference solution (b) Dissolve 10 mg of amoxicJ11in
trihydrate CRS in 10 mL of reference solution (a).

Column:
- size: 1;;;; 0.3 m, 0 = 4.6 mm;
- stationary phase: octadecylsi(yl silica gelfor chromatography R

(10 urn).

lvlobi/e phase J\.lix 5 volumes of methanol Rl and 95 volumes
of a 15 gIL solution of sodium dihydrogen phosphar. R
previously adjusted to pH 4.0 with dilute phosphoric acid R.
Flow rate 1 mUmin.

Detection Spectrophotometer at 230 nm.

Injection I0 ~L.

System suitaln1ity Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

clavulanate (IS[ peak) and amoxicillin (2 nd peak).

I mg ofclavulanate (C8H.NO,) is equivalent to 1.191 mg
of C8H8KNO,.

STORAGE
In an airtight container, at a temperature of 2 "C to 8°C.
If the substance is sterile, store in a sterile, airtight, tamper­
evident container.

IMPURITIES
Test for related substances
A, B, C, D, E, F, G.

Test for aliphatic amine.
H, J, K, 1., M.
Specified impurities E, G, H, J, K, LJ M.
Other detectable impurities (the folWwing substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impun'ties and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessalY to idemify these impun'ties for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phal71laceutical use) A, B, C, D, F.

A. 2,2'-(pyrazine-2,5-diyl)diethanol,

NY'-"0H

HO~N~Co,H
B. 3-[3,6-bis(2-hydroxyethyl)pyrazin-2-yl]propanoic acid,

N;C:0H

(/- CH,
HO~N

C.2,2'-(3-ethylpyrazine-2,5-diyl)diethanol,

~
Co,H

HN
~

OH

D. 4-(2-hydroxyethyl)-IH-pyrrole-3-carboxylic acid,

Potassium Clavulanate II-677

E. (2R,4R,5Z)-2-(carboxymethyl)-5-(2-hydroxyethylidene)-3­
[[(2R,3Z,5R) -3-(2-hydroxyethylidene)-7-oxo-4-oxa-1­
azabicyclo[3.2.0]hept-2-yl]carbonyl]oxazolidine-4­
carboxylic acid,

o Co,H

HN~Oj\
~ lN~

OH

F. 4-[[[[4-(2-hydroxyethyl)-IH-pyrrol-3-yl]carbonyl]oxy]
methyl]-lH-pyrrole-3-carboxylic acid,

~
OH

Ho,C.. HI""

HN &'

Ho,C~O

G. 4-[[(IS)-I-carboxy-2-(4-hydroxyphenyl)ethyl]amino]-4­
oxobutanoic acid (N-(hydrogensuccinyl)tyrosine),

H.2-methylpropan-2-amine (2-amino-2-methylpropane, ten­
butylamine, I,I-<limethylethylamine),

J. N,N,N',N'-tetramethylethane-l,2-diamine (I J 2-bis
(dimethyiaminojethane, N,N,N',N'­
tetramethylethylenediamine),

K. 2,4,4-trimethylpentan-2-amine (2-amino-2,4,4­
trime thylpentane, 1J 1,3,3 -tetramethylbutylamine),

L. N,N'-diisopropylethane-l,2-diamine (N,N'-bis(1­
methylethyl)ethane-l ,2-diamine),

H3C... N ...............O............... N ...CH3
I I
CH3 CH3

,\OJ. 2,2'-oxybis(N;N-dimethylethanamine) (bis[2­
(dimethylamino)ethyl] ether, N,N,N',N'-tetramethyl
(oxydiethylene)diamine).

___________________ PIlE"
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Diluted Potassium Clavulanate The absorbance (2.2.2.5) of the solution determined at
278 om is not greater than 0040.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately be/ore use.
Test solution Disperse a quantity of the substance to be
examined corresponding to 0.250 g of potassium clavulanate
in 5 mL of mobile phase A, dilute to 25.0 mL with mobile
phase A and filter.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 rnL with mobile phase A.

Reference solution (b) Dissolve 10 mg of amoxicillin
trihydrate CRS in 1 mL of the test solution and dilute to
100 rnL with mobile phase A.

Reference solution (c) 2 mg of potassium clauulanate
impurity G CRS in 20 rnL of mobile phase A.

Column:
- size: /:;;; 0.10 m, 0 :;;; 4.6 mm;
- stationary phase: lXta<kcylsi(y1 silica gel/01' chromatography R

(5 pm);
- temperature: 40 "C.

Mobile phase:
- mobile phase A: 7.8 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 4.0 with dJutephosphoric
acidRj

- mobile phase B: a mixture of equal volumes of mobile
phase A and methanol Rl,

237.3

(Ph. Eur. monograph 1653)

C,H,KNO,

DEFINmON
Dry mixture of Potassium douulonate (1140) and Cellulose,
microoyualline (0316) or SJica, colloidal anhydrous (0434) or
SIlica, colloidal hydrated(0738).

Content
91.2 per cent to 107.1 per cent of the content of potassium
clavulanate stated on the label.

Action and use
Beta-Iactamase inhibitor, potentiation of the action of
amoxicillin and ticarciUin.

Preparations
Co-amoxiclav Oral Suspension

Co-amoxiclav Tablets

Co-amoxiclav Dispersible Tablets

CHARACTERS
Appearance of dilutedpotassium davulanate White or almost
white powder, hygroscopic..

SolubiHty ofpotassium davukmote Freely soluble in water,
slightly soluble in ethanol (96 per cent), very slightly soluble
in acetone.

The solubility of the diluted product depends on the diluent
and its concentration.

IDENTIFICATION
A. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtained with reference
solution (a).

B. It gives reaction (b) ofpotassium (2.3.1).

C. Depending on the diluent used, carry out the
corresponding identification test (a) or (b).

(a) A quantity of the substance to be examined,
corresponding to 20 mg of cellulose, when placed on a
watch-glass and dispersed in 4 mL of iodinated zinc chloride
solution R, becomes violet-blue.

(b) It gives the reaction of silicates (2.3.1).

TESTS
pH (2.2.3)
4.8 to 8.0.

Suspend a quantity of the substance to be examined
corresponding to 0.200 g of potassium c1avulanate in 20 mL
of carbon dioxide-free waterR.

Polymeric impurides and other impurities absorbing at
278nm
Disperse a quantity of the substance to be examined
corresponding to 50.0 mg of potassium clavulanate in to mL
of 0.1 M phosphate buffer solutien pH 7.0 R, dilute to 50.0 mL
with the same buffer solution and filter. Measure the
absorbance immediately.

Time Moblle phase A Mobile phase B
(miD) (per cent VIP) (per cent VIP)

0-4 100 0

4 - 15 100 ---> 50 0--->50

15·18 '0 50

Flow rate 1 mIJrnin.
Detection Spectrophotometer at 230 om.

Injection 20 ~L.

JdemijicaMn of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity G.

ReJalive retention With reference to c1avulanate (retention
time ::::;; about 3 min): impurity E ::::;; about 2.3;
impurity G = about 3.6.

System suilabl7ity Reference solution (b):
- resolution: minimum 13 between the peaks due to

clavulanete (J" peak) and amoxicillin (2nd peak).

Limits:
- imputiues E) G: for each impurity, not more than the area

of the principal peak in the chromatogram obtained with
reference solution (a) (1.0 per cent);

- any other impurity: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.2 per cent);

- tOUlI: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(2.0 per cent);

- disregard Iim;t: 0.05 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 2.5 per cent, determined on 1.000 g.

j
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D. 4-(2-hydroxyethyl)-IH-pyrrole-3-carooxylic acid,

PhE>I _

7778-77-0136.1

(Ph. Eur. monograph 0920)

KH,PO.
Preparations
Potassium DihydrogenPhosphate Sterile Concentrate

Potassium Dihydrogen Phosphate OralSolution

____________________ PhE>I

DEFINITION
Content
98.0 per cent to 100.5 per cem (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.
Solubility .
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) is slightly acid (2.2.4).

B. Solution S gives reaction (h) of phosphates (2.3.1).

C. 0.5 mL of solution S gives reaction (b) of potassiwn
(2.3.1).

G.4-[[(IS)-I-earboxy-2-(4-hydroxyphenyl)ethyl)amino)-4­
oxobutanoic acid (N-(hydrogensuccinyl)tyrOsin.e).

zO° H
Ho,C.. HI""

HN

Ho,C~O

F. 4-[ [[[4-(2-hydroxyethyl)-1H-pyrrol-3-yI]carhonyl)
oxy]methyl)-IH-pynole-3-carboxylic acid,

o

:\
o~

HN ~ )=JNH

Ho2e

OH

E. (2R,4R,5Z)-2-(carboxymethyl)-5-(2-hydroxyethylidene)-3­
[[(2R,3Z,5R)-3-(2-hydroxyethylidene)-7-oxo-4-oxa-l­
azabicyclo[3.2.0]hept-2-yl]carbonyl]oxazolidine-4­
carboxylic acid,

~
Co,H

HN
-"

OH

Potassium Dihydrogen Phosphate

ASSAY
Liquid chromatography (2.2.29). Prepare the sohnions
immediately before use.
Test solution Disperse a quantity of the substance to be
examined corresponding to 50.0 mg of potassium clavulanate
in a 4.1 gILsolution of sodium acetale R previously adjusted
to pH 6.0 with glacial acetic acid R, dilute to 50.0 mL with
the samesolution and filter.
Reference solution (a) Dissolve 50.0 mg of lithium
clavu/anate CRS in a 4.1 gILsolution of sodium acetate R
previously adjusted to pH 6.0 withglacial acetic acidRand
dilute to 50.0 mL with the same solution.

Reference solution (b) Dissolve 10 mg of amoxidlJin
trihydrate CRS in 10 mL of reference solution (a).

Column:
- size: 1= 0.3 m, 0 = 4.6 mm;
- stationary phase: o<tad«ylsily/ silitagelfor chromatography R

(10 um).

"'lobile phase Mix 5 volwnes of methanol RI and 95 volumes
of a 15 gIL solution of sodium dihydrogen phosphate R
previously adjusted to pH 4.0 with dilute phosphoric acid R.
Flow rate I mUmin.
Detection Spectrophotometer at 230 run.
Injection I0 ~L.

Systemsuitability Reference solution (b):
- resolution: minimwn 3.5 between the peaks due to

clavulanate (I" peak) and amoxicillin (2nd peak).

1 mg of C,H.NO, is equivalem to 1.191 mg of C,HsKNO,.

STORAGE
In an airtight container.

LABELLING
The label states the percentage content of potassium
clavulanate and the diluent used to prepare the mixture.

IMPURITIES
Specified impuri'ies E, G.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by Olre or other of the tests

it, the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these impun"ries for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) A, B, C, D, F.

NCOH

(: CH,
HO~N

A. 2,2'-(pyrazine-2,5-diyl)diethanol,

B. 3-[3,6-bis(2-hydroxyethyl)pyrazin-2-yl]propanoic acid,

C. 2,2'-(3-ethylpyrazine-2,5-diyl)diethanol,
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DEFINlTION
Potassium hydrogen (2S)-2-aminobutanedioate hemihydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, powderor crystalline powder, or
colourless crystals.

Solubility
Verysoluble in water, practically insoluble in alcohol and in
methylenechloride.

IDENfIFICATION
A. Specificopticalrotation (see Tests).
B. Examine me chromatograms obtained in the test for
ninhydrin-positive substances.
Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position, colourand size to
the principal spot in the chromatogram obtained with
reference solution (a).

C. It gives reaction (b) of potassium (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R prepared from
distilled water R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

pH (2.2.3)
6.0 to 7.5 for solution S.

Specific optical rotation (2.2. 7}
+ 18.0 to + 20.5 (anhydrous substance).

Dissolve 0.50 g in a mixture of equal volumes of hydrochlorU
acidR and waterR and dilute to 25.0 mLwiththe same
mixture of solvents.

Ninhydrin-positive substances
Thin-layer chromatography (2.2.27}.

Testsohuion (a) Solution S.

Tesl sohuion (b) Dilute 1.0 mL of solution S to 10.0 mL
with water R.
Reference solution (a) Dissolve 25 mg of potassium hydrogen
aspartate hemihydrate CRS in uater R and dilute to 10 mL
with the same solvent.
Reference solution (b) Dilute 1.0 mL of test solution (b) to
20.0 mL with waterR.
Reference solution (c) Dissolve 10 mg of glulamic acidCRS
and 10 mg of thesubstance to be examined in waterRand
dilute to 25 mL with the same solvent.
Plate TLC silica gelplate R.

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distilled Wafer R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

pH (2.2.3)
4.2 104.5.

To 5 mL of solution S add 5 mL of carbon dioxide-free
waterR.
Reducing substances
To 5 mL of solution S add 5 mL of dilute sulfun"c acidRand
0.25 mL of 0.02 1"1 potassium permanganate. Heat on a water­
bath for 5 min. The colour of the permanganate is not
completely discharged.

Chlorides (2.4.4)
Maximwn 200 ppm.

Dilute 2.5 mL of solution S to 15 mL withwater R.

Sulfates (2.4.13)
Maximwn 300 ppm.

To 5 mL of solution S add 0.5 mL of hydrochloric acidRand
dilute to IS mL with dis.1Ied walei' R.

Arsenic (2.4.2, MethodA)
Maximum 2 ppm, determined on 0.5 g.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.

Sodium
Maximum0.1 per cent) if intended for use in the
manufacture of parenteral preparations.
Atomic emission spectrometry (2.2.22, Method1).

Test solution Dissolve 1.00 g of the substance to he
examined in waterR and dilute to 100.0 mL with the same
solvent.
Reference solutions Prepare me reference solutions using the
following solution,diluted as necessary withwater R: dissolve
0.5084 g of sodium chloride R, previously dried at 100-105 °C
for 3 h, in water R and dilute to 1000.0 mL with the same
solvent (200 pg of Na per millilitre).

Wavelength 589 nm.

Loss on drying (2.2.32)
Maximwn 2.0 per cent, determined on 1.000 g by drying in
an oven at 125-130 °C.

ASSAY
Dissolve 1.000 g in 50 mL of carbon dioxide-free waterR.
Titrate with carbonate-free 1 M sodium hydroxide,
determining the end-pointpotentiometrically (Z.Z.2{}).
I mL of 1 M sodium hydroxide is equivalent to 0.1361 g
ofKH,PO,.

LABELLING
The label states,where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.
__________________ PhE"

Potassium Hydrogen Aspartate
Hemihydrate
(Ph. Eur. monograph 2076)

H NIi,
H02CJ . 111 H20

Co,K

C,HoKNO"I',H,O 180.2

Action and use
Excipient.

.*** ** ** ****
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____________________ PhEIl

AIobile phase glacial acetic acid R, water R, butanolR
(20:20:60 VIVIV).

Application 5 J.IL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydrin solution R and heat at
100-105°C for 15 min.

System suitability Referencesolution (c):
- the chromatogram shows 2 dearly separated principal

spots.

Limits Test solution (a):
- any impun'ty: any spot, apart from the principal spot, is

not more intense than the spot in the chromatogram
obtained with reference solution (b) (0.5 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

To 10 mL of solution S add 5 mL of water R.

Sulfates (2.4. H)
Maximum 500 ppm.

To 12 mL of solution S add 3 mL of distilled waw- R.

Ammonium (2.4.1, MethodB)
Maximwn 200 ppm, determined on 50 mg.

Prepare the standard using 0.1 mL of ammonium standard
solution (100 ppm NH,) R.

Iron (2.4.9)
Maximum 30 ppm.

In a separating funnel, dissolve 0.33 g in 10 mL of dilute
hydrochloric acidR. Shake with 3 quantities, each of 10 mL,
of methyl isobutyl ketone R1, shaking for 3 min each time.
To the combined organic layers add 10 mL of waterRand
shake for 3 min. The aqueous layer complies with the limit
test for iron.

Water (2.5.12)
4.0 per cent to 6.0 per cent, determined on 0.200 g.

Dissolve the substance to be examined in 10 mL of
formamide R1 and add 10 mL of anhydrous methanol R.

ASSAY
Dissolve 70.0 mg in 5 mL of anhydrous formic acidR, add
50 mL of anhydrous acetic acid R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchloric acidis equivalent to 8.56 mg of
C,HJ(NO,.

Potassium Hydrogen Tartrate

PIJEtr _

DEFINITION
Potassiwn (2R,3R)-3-earboxy-2)3-dihydroxypropanoate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Slightly soluble in water, practically insoluble in ethanol
(96 per cent). It dissolves in dilute solutions of mineral acids
and alkali hydroxides.

IDENTIFICATION
A. Specific optical rotation (see Tests).

Ii. Suspend 0.5 g in 50 mL of wa'erR and boil until
dissolution is complete. Allow to cool (solution A). To 5 mL
of solution A, add 0.1 mL of methylredsdution R.
The solution is red.

C. Solution A gives reaction (a) of tartrates (2.3.1).

D. Solution A gives reaction (b) of potassium (2.3.1).

TESTS
Specific optical rotation (2.2.7)
+ 8.0 to + 9.2 (dried substance).

Dissolve 2.50 g in 20 mL of 1 M hydrochlori< acidwith
heating. Allow to cool. Dilute to 25.0 mL with waterR.

Oxalic acid
Maximum 500 ppm.

Dissolve 0.43 g in 4 mL of waw- R. Add 3 mL of hydrrxhlori<
add Rand 1 g of zinc R in granules and boil for 1 min.
Allow to stand for 2 min. Collect the liquid in a test-tube
containing 0.25 mL of a 10 gIL solution of phenylhydrazine
hydrochloride R and heat to boiling. Cool rapidly, transfer to a
graduated cylinder and add an equal volume of hydrochloric
acidRand 0.25 mL of a 50 gIL solution of potassium
ferricyanide R. Shake and aUow to stand for 30 min. Any pink
colour in the solution is not more intense than that in a
standard prepared at the same time in the same manner
using a mixture of I mL of waW- Rand 3 mL of a 0.1 gIL
solution of oxalic acidR.

Chlorides (2.4.4)
Maximum 500 ppm.

Dissolve 1.0 g with heating in a mixture of 3 mL of dilute
niuicacidRand 50 mL of waw- R. Dilute to 100 mL with
wain' R. Dilute 10 mL of the solution to 15 mL with
waterR.

Sulfates (2.4.13)
Maximum 500 ppm.

Suspend 0.30 g in 3.0 mL of dilute hydrochlori< acidRand
dilute to 15 ml. with disti/Ied waterR. Heat until dissolution
is complete.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

ASSAY
Dissolve 0.170 g in 100 mL of waterR at 100 °C. Titrate the
hot solution with 0.1 1Usodium hydroxide, using 0.3 mL of
phenolphthalein solution R as indicator.

1 mL of 0.1 kl sodium hydroxide is equivalent to 18.82 mg of
C,H,KO,.

**** ** ** ****

86a..J4-4188.2

Cream of Tartar

(Ph. Eur. monograph 1984)

C,H,KO,

Action and use
Excipient.

___________________ PhEIl
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Potassium Hydroxyquinoline Sulfate
Potassium Hydroxyquinoline Sulphate

Action and use
Used in treatment of acne.

Preparation
Potassium Hydroxyquinoline Sulfate and BenzoylPeroxide
Cream.

Reference solution Mi.,< 2 mL of aluminium standard solution
(2 ppm AD R, 10 mL of acetate buffer solurion pH 6.0 Rand
98 mL of waterR.
Blank solution Mix to mL of acetate buffer solution pH 6.0 R
and 100 mL of water R.
Iron (2.4.9)
Maximum 10 ppm.

Dilute 5 mL of solution S2 to 10 mL with waterR.

Sodium
Maximum 1.0 per cent.
Atomic absorption spectrometry (2.2.23, Method If).

Testsolution Dissolve 1.00 g in 50 mL of waterR, add 5 mL
of sulfuric acidR and dilute to 100.0 mL with waterR. Dilute
1.0 mL of this solution to 10.0 mL withwater R.
Reference solutions Prepare the reference solutions using
sodium standard solution (200 ppm No) R, diluting with
waterR.
Source Sodium hollow-cathode lamp.

Wavelengrh 589 nm.

Atomisation device Air-acetylene flame.

ASSAY
Dissolve 2.000 g in 25 mL of carbon dioxide-free waterR.
Add 25 mL of freshly prepared barium chloride solution R1
and 0.3 mL of phenolphthalein sdtuion R. Add slowly, while
shaking, 25.0 mL of I M hydrochloric acidand continue the
titration with I M hydrochloric acid until the colour changes
from pink to colourless. Add 0.3 mL of bromophenol blue
solution R and continue the titration with JM hydrochloric
add until the colour changes from violet-blue to yellow.
I mL of I M hydrvchlori< acid used in the 2nd part of the
titration is equivalent to 69.11 mg ofK2C03 .

1 mL of J 1"1 hydrochloric acidused in the combined titrations
is equivalent to 56.11 mg of total alkali, calculated as KOH.

STORAGE
In an airtight, non-metallic container.

LABELLING
The label states, where applicable, chat the substance is
suitable for use in the manufacture of haemodialysis
solutions.
____________________ PhE"

DEFINITION
Potassium Hydroxyquinoline Sulfate is an equimolecular
mixture of quinolin-8-o1 sulfate monohydrate, (~H7NO)2'
H2SO.hH20, and potassium sulfate,K2S04 • It contains not
less than50.6% and not more than 52.6% of quinolin-8-ot,
C9H7NO, and not less than29.5% and not more than
32.5% of K2S04, calculated with reference to the anhydrous
substance.

1311).58-3

Caustic Potash
(Ph. Eur. monograph 0840)

KOH 56.11

Preparations
Potassium Ascorbate Eye Drops

Potassium HydroxideSolution
PhE" _

Potassium Hydroxide

DEFINITION
Content
85.0 per cent to 100.5 per cent of totalalkali, calculated as
KOH.

CHARACTERS
Appearance
White or almost white, crystalline, hard masses, supplied as
sticks,pellets or irregularly shapedpieces, deliquescent,
absorbing carbondioxide.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
A. pH (2.1.3): minimum 105-

Dissolve 0.1 gin 10 mL of water R (solution A used for
identification lest B). Dilute 1 mL of this solution to 100 mL
with warer R.
B. 1 mL of solution A prepared in identification test A gives
reaction (b) of potassium (2.3.1).

TESTS
Solution Sl
Dissolve 2.5 gin 10 mL of waterR. Carefully add 2 mL of
nitric acid R while cooling, and dilute to 25 mL with dilute
nitric add R.

Solution 82
Dissolve 10 g in 15 mL of distilled water R. Carefully add
12 mL of hydrochlori< add R while cooling, and dilute to
50 mL with duute hydrochloric add R.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).

Dissolve 5 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Carbonates
Maximum 2.0 per cent, calculated as K2C0 3 as determined
in the assay.

Cblorides (2.4.4)
Maximum 200 ppm.

Dilute 2.5 mL of solution SI to 15 mL with waterR.

Phosphates (2.4.11)
Maximum 100 ppm.

Dilute 1 mL of solution 81 to 100 mLwith waterR.
Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 5 mL of solution S2 to 20 mL with distilled water R.

Aluminium (2.4.17)
Maximum 0.2 ppm, if intended for use in the manufacture of
haemodialysis solutions.
Prescribed solution Dissolve 20 g in 100 mL of waterRand
add 10 mL of acetate buffer solution pH 6.0 R.
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DEFINTI10N
Potassium Iodate contains not less than 99.0% and not more
than 101.0% ofKI03, calculated with reference to the dried
substance.

CHARACTERISTICS
A pale yellow, microcrystalline powder. It partly liquefies
between 1720 and J84°.

Freely soluble in water; insoluble in ether. On extraction with
hot absolute ethanol a residue of potassium sulfate and a
solution of quinolin-8-o1 sulfate are obtained.

IDENTIFICATION
A. To 5 mL of a 5% w/v solution add drop wise, with
shaking, 5M sodium hydroxide until a heavy precipitate is
produced. Filter; wash with waterand dry at a pressure not
exceeding 0.7 kPa for 3 hours. The infrared absorption
spectrum of the residue, Appendix II A, is concordant with
the reference spectrum of quinohn-g-ol (RS 310).

B. To 5 mL of a 5% wlv solution add 0.5 mL of iron(lII)
chloride solution Rl. A dark green colour is produced.

C. Yields reaction A characteristic of potassium salts,
Appendix VI.

D. Yields reaction A characteristic of sulfates, Appendix VI.

TESTS
Water
Not more than 5.0% w/w, Appendix IX C. Use 0.5 g.

ASSAY
For qulnolln-Seol
Dissolve 0.35 g in 50 mL of waterand 20 mL of hydrochloric
acid, add 50 mL of 0.05M. bromine VS, stopper me flask and
shake for 15 minutes. Allow to stand for 15 minutes, add
80 mL of waterand 10 mL of dilute potassium iodide solution
and titrate with O.IM sodium thiosulfate VS using starch
mud/age, added towards the end of the titration, as indicator.
Repeat the operation without the substance being examined.
The difference between the titrations represents me amount
of bromine required. Each mL of 0.05M bromine VS is
equivalent to 3.629 mg of C9H,NO.

For potassium sulfate
Prepare a solution of suitable concentration with water. Carry
out the method for atomic emission spectrophotometry,
Appendix ITD, measuring at 766.5 om and using potassium
standard solution (600 ppm K), suitably diluted with water, to
prepare the standard solutions. Each mg of potassium is
equivalent to 2.2284 mg of K,SO,.

Action and use
Iodine supplement for emergency use.

Preparation
Potassium Iodate Tablets

Potassium Iodate
KIO, 214.0 7758-05-6

is removed. Dissolve the residue in 2.5 mL of a 25% v/v
solution of hydrochloric acidand dilute [Q 50 mL with water
(solution S2).

IDENTIFICATION
A. I mL of solution Sl yields reaction B characteristic of
potassium salts, Appendix VI.
B. Dissolve 0.1 g in 5 mL of water. Add 1 mL of silver nitrate
solution followed by 1 mL of sulfur dioxide solution. A yellow
precipitate is produced immediately.

TESTS
Acidity or alkalinity
pH of solution S 1, 5.0 to 8.0, Appendix V L.

Clarity and colour of solution
Solution SI is clear, Appendix IV A, and colourless,
Appendix N B, Method II.

Chloride, chlorate, bromide, bromate
Dilute 5 mL of solution SI to 15 mL with water, add 20 mL
of sulfurdioxide solution and heat on a water bath for
30 minutes. Heat to boiling, cool, add 10 mL of
IBM ammonia and 20 mL of silver nitrate solution R2 and
dilute to 70 mL with water. Filter, transfer 35 mL of the
filtrate to a Nessler cylinder and acidify with 6 mL of nioic
add. After 5 minutes, any opalescence, when viewed
vertically, is not greater than that produced by treating 5 mL
of a 0.00165% wlv solution of sodium chloride at the same
time and in the same manner (0.02%).

Iodide
Add 1 mL of 1.8M sulfuric acid to 25 mL of solution Sl and
shake with 1 mL of chlorofonn. Any violet colour produced is
not more intense man that of a solution prepared at the same
time and in the same manner but using 5 rnL of solution 81
and 2 mL of iodide standard solution (10 ppm I) (20 ppm).

Sulfate
Add 1 mL of a 25% wlv solution of barium chloride to
1.5 mL of sulfate standard solution (10 ppm SO.,), shake and
allow to stand for I minute. Add 12.5 mL of solution S2
diluted to 15 mL with disrilled waterand 0.5 mL of 5M acetic
add and allow to stand for 5 minutes. Any opalescence
produced is not more intense than that of a standard
prepared in the same manner but using 7.5 mL of sulfate
standard solution (10 ppm SO.,) diluted to 15 mL.with distilled
waterin place of the solution being examined (50 ppm).

Loss on drying
When dried at 130° for 1 hour, loses not more than 0.5% of
its weight. Use I g.

ASSAY
To 1.5 g add sufficient waterto produce 250 mL. To 25 mL
of the resulting solution in an iodine flask add 3 g of
potassium iodide, 100 mL of water and 10 mL of hydrochloric
add. Close the flask and stand in the dark for 5 minutes.
Titrate the solution with O.lM sodium thiosulfate VS to a light
straw colour and then complete the titration to a colourless
end point using starch mucilage as indicator. Each mL of
O.IM sodium thiosulfate VS is equivalent to 3.567 mg ofKIO,.

CHARACTERISTICS
A white crystalline powder.

Slowly soluble in water; insoluble in ethanol (96%).

Dissolve 109 of the substance being examined in sufficient
water to produce 200 mL (solution SI).

Add 25 mL of hydrochloric acid to 6 g of the substance being
examined, evaporate to dryness and repeat Heat until iodine
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PIlE" ~ _

Potassium Iodide
(ph. Eur. monograph 0186)

KI 166.0

Action and use
Antithyroid.

**** ** ** ****
7681-11-0

Potassium Metabisulfite
PotassiumMetabisulphite

(Ph. Eur. monograph 2075)

K,S,O, 222.3

Action and use
Preservative.

16731-55-8

DEFINITION
Content
99.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite powderor colourless crystals.

Solubility
Verysoluble in water, freely soluble ln. glycerol, soluble in
ethanol (96 per cent).

IDENTIFICATION
A. Solution S (see Tests) gives the reactions of iodides
(2.3.1).

B. Solution S gives the reactions of potassium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distilled water R and dilute to 100 mL with me same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MelhodIf).

AlkalinIty
To 12.5 mL of solution S add 0.1 mL of bromothymdblue
solut;"n Rl. Not more than 0.5 mL of 0.01 M hydrochloric
acid is required to changethe colour of the indicator.

Iodates
To 10 mL of solution S add 0.25 mL of iodide-free starch
so/utian Rand 0.2 mL of dilute sul/unc acidR and allow to

standprotected from light for 2 min. No blue colour
develops.

Sulfates (2.4.13)
Maximum 150 ppm.

Dilute 10 mL of solution S to 15 mL with distilled warer R.

Thiosulfates
To 10 mL of solution S add 0.1 mL of starch solution Rand
0.1 mL of 0.005 M iodine. A blue colour is produced.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with water R.
Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.00 g of previously
powdered substance by drying in an oven at 105 ~'C for 3 h.

ASSAY
Dissolve 1.500 g in warer R and dilute to 100.0 mL with the
same solvent. To 20.0 mL of the solution add 40 mL of
hydrochloric acidR and titrate with 0.05 M potassium iodate
until the colour changes from red to yellow. Add 5 mL of
chloroform R and continue the titration, shaking vigorously,
until the chloroform layer is decolourised.
I mL of 0.05 M potassium iodate is equivalent to 16.60 mg of
KI.

STORAGE
Protected from light.
____________________ PI>Etr

PIlE" _

DEFINITION
Potassium metabisulfite (potassium disulfire).

Content
95.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
White or almost white powder, or colourless crystals.

Solubility
Freelysoluble in water, slightly solublein ethanol
(96 per cent).

IDENTIFICATION
A. pH (see Tests).

B. To 5 mL of solution S (see Tests), add 0.5 mL of 0.05 M
iodine. The mixture is colourless and givesreaction (a) of
sulfates (2.3.1).

C. Solution S gives reaction (a) of potassium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Melhod f).

pH (2.2.3)
3.0 to 4.5 for solution S.

Thlosulfates
To 2.00 g add 25 mL of a 42.5 gIL solution of sodium
hydroxide Rand 75 mL of warer R. Shake until dissolved and
add 10 mL ofJonnaldehyde Rand 10 mL of cue/ic acidR.
After5 min, titrate with 0.05 M iodine using J mLof starch
solution R. Carry out a blanktitration. The difference
between the volwnes conswned in the 2 titrations is not
mote than 0.15 mL.

Iron
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.13, Me/hod f).

Test solution Dilute 20 mLof solution S to 50 mL with
waterR.
Reference solutio-ns Prepare the reference solutions using iron
standard solution (20 ppm Fe) R, diluted as necessary with
water R.
Source Ironhollow-cathode lamp.
Wavelength 248.3 run.

Acomisation device Air-acetylene flame.

SeJenium
Maximum 10 ppm.

To 3.0 g add 10 mL ofJonnaldehyde R. Carefully add 2 mL
of hydrochw,u acidR In smallportions. Heat on a water-bath
for 20 min. Any pink colourin the solution is not more
intense than that of a reference solutionprepared at the same
time in the same manner using 1.0 g of the substance to be
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____________________ !'hE'"

Sulfates (2.4.13)
Maximum 150 ppm.

Dilute 10 mL of solution S to 15 mL with distilled water R.

Ammonium (2.4./)
Maximum 100 ppm, determined in I mL of solution S;
maximum 50 ppm if intended for ophthalmic use.

Calcium (2.4.3)
Maximum 100 ppm; maximum 50 ppm if intended for
ophthalmic use.

Dilute 10 mL of solution S to 15 mL with distilled water R.
Iron (2.4.9)
Maximum 20 ppm; maximum 10 ppm if intended for
ophthalmic use.
Dilute 5 mL of solution S to 10 mL with water R.

Sodium
Maximum 0.1 per cent.
Atomic emission spectrometry (2.2.22, Method II).

Testsolution Dissolve 1.00 g in water R and dilute to
100.0 mL with the same solvent.
Reference solutions Prepare the reference solutions using
sodium standard solution (200 ppm Na) R, diluting with
waterR.
Wavelength 589 nm.

Loss on drying
(2.2.32)Maximum 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 "C.

ASSAY
Prepare a chromatography colwnn 0.3 m long and 10 mm in
internal diameter and filled with 109 of smmgly acidic ion­
exchange resin R covered with carbon dioxide-free waterR.
Maintain a 1 em layerof liquid above the resin at all times.
Allow 100 mL of dilute hydrochloric acid R to run through the
column at a flow rateof about 5 mlzrnin. Wash the column
(with the tap completely open) with carbon dioxide-free
water R until neutral to blue litmus paper R. Dissolve 0.200 g
of the substance to be examined in 2 mL of carbon dioxide­
free waterR in a beaker and transfer it to the column
reservoir, allow the solution to ron through the column at a
flow rateof about 3 mUmin and collect the eluate. Wash the
beaker with 10 mL of carbon dioxide-free water R and transfer
this solution at the same flow rate to the columnbefore it
runs dry. Finally wash the column with 200 mL of carbon
dioxide-free water R (with the tap completely open) until
neutral to blue litmus paper R. Titrate the combined eluate
and washings with 0.1 IvI sodium hydroxide, using I mL of
phenolphthalein solul'icn R as indicator.
I mL of 0./1vI sodium hydroxide is equivalent to 10.11 mg of
KNO,.

LABELLING
The label states, where applicable, that the substance is
suitable for ophthalmic use.

Reducible substances
To 10 mL of solution S, add 0.5 mL of dilute sulfuric acidR
and 2 mL of zinc iodide and starch solution R. The solution
does not become blue within 2 min.

Chlorides (2.4.4)
Maximum 20 ppm, if intended for ophthalmic use.
Dissolve 2.5 g in water R and dilute to 15 mL with the same
solvent.

**** ** ** ****
7757-79-1

Potassium Nitrate
(ph. Bur. monograph 1465)

KNO, IOU
!'hE'" _

examined to which 0.2 mL of selenium standardsolution
(100 ppm Se) R has been added.

Zinc
Maximum 25 ppm.

Atomic absorption spectrometry (2.2.23, Method1).
Test solution Dilute 20 mL of solution S to 50 mL with
walerR.
Reference solutions Prepare the reference solutions using zinc
standard solution (lOa ppm Zn) R, dilutedas necessary with
water R.
Source Zinc hollow-cathode lamp.
Wavelength 213.9 nm.

Atomisation device Air-acetylene flame.

ASSAY
In a 500 mL conical flask containing 50.0 mL of 0.05 IvI
iodine introduce 0.150 g and add 5 mL of hydrochlori< acidR.
Titrate the excess of iodinewith 0.1 M sodium thiosulfate
using 0.1 mL of starch solution R, added cowards the end of
the titration, as indicator.
I mL of 0.051vI iodine is equivalent to 5.558 mg of K2S20,.

STORAGE
In an airtight container, protected from light.

DEFINITION
Content
99.0 per cent to JOI.O per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor colourless
crystals.

Solubility
Freely soluble in water, verysoluble in boilingwater,
practically insoluble in ethanol (96 per cent).

IDENTIFICATION
A. It gives the reaction of nitrates (2.3.1).

B. Solution S (see Tests) gives the reactions of potassium
(2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distiOed WQter R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, lvI,thod11).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of bromothymol blue
solution R1. Not more than 0.5 mL of 0.0/1vI hydrochloric
acid or 0.01 M sodium hydroxide is required to change the
colour of the indicator.

_______________~__ PhE"
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DEFINITION
Content
99.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Dissolve 0.1 gin 5 mL of wOler R. Add 5 mL of indigo
carmine solution R and heat to boiling.The colour of the
solution does not disappear.

B. Chlorates and chlorides (see Tests).
C. Heat 10 mg over a flame for 2 min. Dissolve the residue
in 2 mL of waterR. The solution gives reaction (a) of
cblorides (2.3.1).

D. Dissolve 50 mg with heating in 5 mL of water R. Allow to

cool to room temperature. 'The solution gives reaction (a) of
potassium (2.3.1).

TESTS
Solution S
Suspend 5.0 g in 90 mL of distilled water R and heat to
boiling. Allow to cool. Filter. Dilute the filtrate to 100 mL
with carbon dioxide-free waw R.

Appearance ofsolution
The solution is clear (2.2.1) and colourless (2.2.2,
Method 11).

Dissolve 0.20 g in waterR and dilute to 20 mL with the
same solvent.

Acidity or alkalinity
To 5 mL of solution S add 5 mL of waw R and 0.1 mL of
phenolphrhalein solution R. Not more than 0.25 mL of 0.01 M
sodium hydroxide is required to change the colour of the
indicator. To 5 mL of solution S) add 5 mL of waterRand
0.1 mL of bronwcresol green solution R. Not more than
0.25 mL of 0.01 M hydrochlori< acid is required to change the
colour of the indicator.

Chlorates and chlorides (2.4.4)
Maximum 100 ppm (calculated as cblorides).

To 5 mL of solution S, add 5 mLof waterR and heat to
boiling. Add I mL of nitric acid Rand 0.1 g of sodium
nitrite R. Allow to cool to room temperature. Dilute to.
15 mLwith waterR. The solution complies with the limit
test forchlorides. Prepare the standard using 5 mL of chloride
standard solution (5 ppm CI) Rand 10 mL of waw R, and
adding only I mL of dilute nitric acid R.

Sulfutes (2.4.11)
Maximum 100 ppm, determined on solution S.
Prepare the standard using a mixture of 7.5 mL of sulfate
standard solution (10 ppm SO.,) Rand 7.5 mL of water R.

PhE" _

___________________ PIlE"

.*.* ** ** ****

7722-64-7

Potassium Permanganate

Action and use
Antiseptic.

(Ph. Eur. motlograph 0121)

K<'vInO, 158.0

DEFINITION
Content
99.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
Darkpurple or brownish-black) granular powder or dark
purpleor almost blackcrystals, usually havinga metallic
lustre.
Solubility
Soluble in cold water, freely solublein boiling water.
It decomposes on contact with certain organic substances.

IDENTIFICATION
A. Dissolve about 50 mg in 5 mL of water R and add I mL
of ethanol (96 per cetlt) Rand 0.3 mL of dilute sodium
hydroxide solution R. A green colourdevelops. Heat to boiling.
A dark brown precipitate is formed.
B. Filter the mixture obtained in identification test A.
The filtrate gives reaction (b) of potassium (2.3.1).

TESTS
Solution S
Dissolve 0.75 gin 25 mL of distilkdwaW R, add 3 mL of
ethanol(96 per cent) R and boil for 2-3 min. Cool, dilute to
30 mL with distilled mater R and filter.

Calcium (2.4.3)
Maximum 100 ppm, determined on solutionS.
Prepare the standard using a mixture of 7.5 mL of calcium
standardsolution (J0 ppm Ca) RJ 1 mL of dilute acetic acid R
and 7.5 mL of distilkdwaw R.

ASSAY
Prepare a chromatography column 0.3 m long and 10 nun in
internal diameterand filled with 109 of strongly acidic ion­
exchange resin R covered with carbon dioxide-free waterR.
Maintain a I cm layer of liquid above the resin throughout
the determination. Allow 100 mL of dilute hydrochloric add R
to run through the column at a flow rate of about 5 mUmin.
Wash me column (with the tap completely open) with carbon
dioxide-free waterR until the eluateis neutral to blue litmus
paper R. Dissolve 0.100 g of the substance to be examined in
10 mL of carbon dioxide-free waterR in a beaker and transfer
it to thecolumn reservoir, allow the solution to run through
the column at a flow rateof about 3 mUmin and collect the
eluate. Wash the beaker 3 times with 10 mL of carbon
dioxide-free water R and transfer this solution at the same flow
rate to the column beforeit runs dry. Finally, wash the
column with 200 mL of carbon dioxide-free waterR (with the
tap completelyopen) until the eluateis neutral to blue litmus
paper R. Titrate the combined eluateand washings with
0.1 M sodium hydroxide, using I mL of phenolphthalein
solution R as indicator.
I mL of 0.1 M sodium hydroxide ;s equivalent to 13.86 mg of
KeIO•.

***
* ** ** ****

7778-74-7

Potassium Perchlorate
(Ph. Eur. monograph 1987)

KClO, 138.6

Action and use
Diagnostic aid; treatment of hyperthyroidism.
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____________________ PhE..

PhEII _

590-00-1

TESTS
Solution S
Dissolve5.000 g in carbon dioxide-free waterR] prepared from
distilled water R, and dilute to 100.0 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Melhod If).

Acidity or alkalinity
To 5 mL of solution S, add 0.1 mL ofphenolphthalein
solution R. Not more thao 0.5 mL of 0.01 M hydrochloric acid
or 0.01 M sodium bydroxide is required to change the colour
of the indicator.

Specific optical rotation (2.2.7)
+ 28.0 to + 30.0 (anhydrous substance), determined on
solution S.

Chlorides (2.4. 4)
Maximum 100 ppm.

Dilute 10 mL of solution S to 15 mL withwater R.

Sulfates (2.4.13)
Maximum 50 ppm.

Dissolve 1.0 g in distilled waterR and dilute to 15 mL with
the same solvent. Prepare the reference solution with a
mixture of 5 mL of sulfate standard so/urion (10 ppm SO.,) R
and 10 mL of distilled waterR.

Ammonium (2.4.1)
Maximum 40 ppm] determined on 5 mL of solution S.

Barium and oxalates
To 5 mL of solutionS] add 3 mL of calcium sulfate
solution R. Allow to stand for 5 min.Any opalescence in the
solution is not more intense thanthat in a mixture of 3 mL
of calcium sulfate solution R and 5 mL of distilled waterR.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 10 mL of solution S to 15 mL with distilled waterR.

Water (2.5.12)
24.0 percent to 26.5 per cent] determined on 50.0 mg.
Use 50 mL of anhydrous methanol R. Titrate slowly.

ASSAY
To 0.100 g of fioely powdered substance add 40 mL of
anhydrous acetic acidRand 20 mL of acetic anhydride R.
Titrate slowlywith 0.1 "'/perch/om acid] determining the
end-point potentiometrically (2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 10.51 mg of
C,H,Ki"laO•.

(ph. Eur. monograph 0618)

H3C~C0:2K

C,H,KO, 150.2

Potassium Sorbate

PhE.. _

Action and use
Antimicrobial preservative.

_____________~~_~__ PhE"

**** ** ** ****

6381-59-5

. 4H,o

282.2

Potassium Sodium Tartrate
Tetrahydrate
(Ph. Eur. monograph 1986)

C,H,KNaO,,4H20

Action and use
Excipient.

DEFINITION
Potassium sodium {+)-(2R,3R)-2,3-dihydroxybutaoedioate
tetrahydrate.

Content
98.0 percent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white] crystalline powderor colourless]
transparent crystals.

Solubility
Very soluble in water] practically insoluble in ethanol
(96 per cent).

IDENllFlCATION
A. Specific opticalrotation (see Tests).
B. It gives reaction (b) of tartrates (2.3.1).

C. It gives reaction (b) of potassium (2.3.1).

D. It gives reaction (a) of sodium (2.3.1).

Appearance of solution
Solution S is colourless (2.2.2, lWethod II).

Substances insoluble in water
Maximum 1.0per cent.

Dissolve 0.5 g in 50 mL of water R and heat [0 boiling. Filter
through a tared sintered-glass filter (16) (2.1.2). Wash with
waterR until the filtrate is colourless and collect the residue
on me filter. The residue, dried in an oven at 100-105 "C,
weighs a maximum of 5 mg.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 10 mL of solution S £0 15 mL with water R.

Sulfates (2.4.13)
Maximum 500 ppm.

Dilute 12 mL of solution S to 15 mL with distilled water R.

ASSAY
Dissolve 0.300 g in wain R and dilute to 100.0 mL with the
same solvent. To 20.0 mL of me solution add 20 mL of
waterR, I g of potassium iodide Rand 10 mL of dilute
hydrochloric acidR. Titrate the liberated iodine with 0.1 M
sodium thiosulfate, using 1 mL of starch solution R as indicator.

1 mL of 0.1 "'1 sodium thiosulfate is equivalent to 3.160 mg of
K!IIlnO,.

DEFINITION
Potassium (E]EJ-hexa-2]4-dienoate.
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_~ PhE"

1 mL of 0.1 i\<1 perchioric acid is equivalent to 15.02 mg
ofC.H,KOz.

STORAGE
Protected from light.

7778-80-5

Potassium Sulphate
(ph. Eur. monograph 1622)

KzSO, 174.3
PhE'" _

DEFINITION
Content
98.5 per cent to 101.0 per cent of KzSO, (dried substance).

CHARACTERS
App~arance

White or almost white, crystaUine powder or colourless
crystals.

Solubility
Soluble in water, practically insoluble in ethanol.

IDENTIFICATION
A. It gives reaction (a) of sulfates (2.3.1).

B. It gives reaction (a) of potassium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in 90 mL of carban dioxide-free waterR
prepared from distilled water R, heating gently. Allow to cool
and dilute to 100 mL with carbon dioxide-free water R
prepared from distilled water R.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of bromothyuwl blue
solution RJ. Not more than 0.5 mL of 0.01 M hydrochloric
acid or 0.01 M sodium hydroxide is required to changethe
colourof the indicator.
Chlorides (2.4.4)
Maximum 40 ppm.

Dilute 12.5 mL of solution S to 15 mL with water R.

Calcium (2.4.3)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with disli/led waterR.

Iron (2.4.9)
Maximwn 10 ppm, determined on 10 mLof solution S.

Magnesium
Maximum 20 ppm.

To 5 mL of solution S add 5 mL of waterR, I mL of g/ye<ro1
(85 per cent) R, 0.15 mL of uianye1/ow solurion R, 0.25 mL of
ammonium oxalate solution Rand 5 mL of dilute sodium
hydroxide solution R and shake. Anypinkcolour in the test
solution is not more intense than that in a standard prepared
at the same time and in the samemanner using a mixture of
1 mL of magnesium standard solution (10 ppm Mg) R and
9 mL of water R.

Sodium
Maximum 0.10 per cent.

Atomic emission spectrometry (2.2.22) Mftlhod l).

Potassium Sulfate

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder or granules.

Solubility
Very soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B, D.
Second identification: A, C, D.
A. Ultravioletand visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 50.0 rng in waterR and dilute to
250.0 mL with the same solvent. Dilute 2.0 mL of this
solution to 200.0 mL with 0.1 M hydrochloric acid.
Spectral range 230-350 om.
Absorption maximum At 264 run.

Specific absorbance at the absorption maximum 1650 to 1900.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison potassium sorbate GRS.
C. Dissolve 1.0 g in 50 mL of waterR, add 10 mL of dilute
hydrochloric acid R and shake. Filter me crystalline precipitate)
wash with water R and dry in vacuo oversulfuric, add R for
4 h. The residue obtained melts (2.2.14) at 132 "C to
136 "C.

D. Dissolve 0.2 gin 2 mL of waterR and add 2 mL of dilute
acetic acid R. Filter. The solution gives reaction (b) of
potassium (2.3.1).

TESTS
Solution S
Dissolve2.5 g in carbon dioxide-free waleT R anddilute (0

50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y5 (2.2.2, Method 11).

Acidity or alkalinity
To 20 mL of solution S add 0.1 mL of phenolphthalein
solution R. Not more than 0.25 mL of 0.1 M sodium hydroxitk
or 0.1 M hydrochloric add is required to change the colour of
the indicator.

Aldehydes
Maximum 0.15 per cent, expressedas C2H"O.

Dissolve 1.0 g in a mixture of 30 mL of water R and 50 mL
of 2-propanol R, adjust to pH 4 with 1 M bydrochlotic acid
and dilute to 100 mL with waterR. To 10 mL of the
solution add 1 mL of decolorised fuchsin sdution R and allow
to stand for 30 min. Anycolour in the solution is not more
intense thanthat in a standard prepared at thesame time by
adding 1 mL of de<olorised fuchsin solution R to a mixture of
1.5 mL of acetaldehyde standard solution (l00 ppm CZH40) R,
4 mL of 2-propanol Rand 4.5 mL of water R.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

ASSAY
Dissolve 0.120 g in 20 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchlotic acidusing 0.1 mL of crystal viola
solution R as indicator until the colour changes from violet to
bluish-green.

www.webofpharma.com



2022

Testsolution Dissolve 1.00 g of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent.

Reference solutions Dissolve in warer R 0.50 g of sodium
chloride R, previously dried at 100-105 °C for 3 h, and dilute
to 1000.0 mL with the same solvent (200 ~g ofNa per
millilitte). Dilute as required.

Wavelength 589 urn.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 130 °C for 4 h.

ASSAY
Pack 20 g of strongly acidic ion-exchange resin R into a glass
column) at least 20 em long and 20 mm in internal diameter,
and cover it with waterR. After 5 min) wash the resin with
waterR until the pH of the eluate is about 6 to 7 using a pH
indicator strip R. Keep the resin covered with water R.
Dissolve 0.600 g of the substance to be examined in IO mL
of waterR in a beaker. Load the solution onto the column
and pass through the resin at a flow rate of about 4 mIJrnin
until the resin is just covered with the solution. Using about
200 mL of waterR, rinse the beaker and pass the rinsings
through the column at the same flow rate. Check that the pH
of the last eluate is about 6 to 7 using a pH indicator strip R.
Titrate the eluate with 1 M sodium hydroxide, determining the
end-point potentiometricaUy (2.2.20).

1 mL of 1 M sodium hydroxide is equivalent to 87.15 mg of
K,50,.
_____________________ POE..

Povidone"
(ph. Bur. monograph 0685)

·H1&1H(yo
" •

9003-39-8

Action and use
Disinfectant.

Preparations
Povidone-Iodine Eye Drops

Povidone-Iodine Mouthwash

Povidone-Iodine Solution

POEtr _

DEFINlllON
«-Hydro-ro-hydropoly[1-(2-oxopyrrolidin-l-yl)ethylene.l­
It consists of linear polymers of l-ethenylpyrrolidin-2-one.

Content
J 1.5 per cent to J2.8 per cent of nitrogen (N; A e 14.01)
(anhydrous substance).

1 Thit mOlWgraph has muJergone phannaropoeial harmonisation.
See chapter 5.8 PhannacqpoejaJ harmonisation.

Povidone II-689

The different types of povidone are characterised by their
viscosity in solution expressed as a nominal K-value.
The nominal K-value is 10 [0120.

+CHARACTERS
Appearance
White or yellowish-white, hygroscopic powder or flakes.

Solubility
Freely soluble in water, in ethanol (96 per cent) and in
methanol, very slightly soluble in acetone.•

IDENTIFICATION
First identification: A, D.
OSecond identification: B, C, D.O
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dry the substances beforehand at 105°C
for 6 h.

Comparison povidone CRS.

OB. To 1 mL of solution 51 (see Tests) add 0.2 mL of
dimelhylaminobenzaldehydesolution RJ and 0.1 mL of su/fun·c
acidR. A pink colour is produced.

C. To 0.1 mL of solution 51 add 5 mL of walerRand
0.2 mL of 0.05 M iodine. A red colour is produced.O

D. To 0.5 g add 10 mL of waterR and shake. The substance
dissolves.

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterRand dilute to
20.0 mL with the same solvent. Add the substance to be
examined to the water in small portions, stirring using a
magnetic stirrer.

Solution Sl
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent. Add the substance to be
examined to the water in small portions; stirring using a
magnetic stirrer.

•Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution B6, BY6or ~ (2.2.2, Method 11) .•

pH (2.2.3)
3.0 to 5.0 for solution S, for povidone having a nominal
K-value of not more than 30,; 4.0 to 7.0 for solution S, for
povidone having a nominal K-value of more than 30.

Viscosity, expressed as K-value
For povidone having a nominal value of 18 or less, use a
50.0 gIL solution. For povidone having a nominal value of
more than 18 and not more than 95, use a 10.0 gIL solution.
For povidone having a nominal value of more than 95, use a
1.0 gIL solution. Allow to stand for 1 hand determine the
viscosity (2.2.9) of the solution at 25°C, Ousing a size no. 1
viscometer with a minimum flow time of 100 sO. Calculate
the K-value using the following expression:

1 5 log 'rei - 1 j300clog '''' + (c + 1.5c1og'rel)'. +-'-----'~----'c..-,-~c__'=-----'-
0.15 + 0.003c 0.15c+0.003.:2

concentration of the substance to be examined (anhydrous
substance). in grams pee 100 mL;

Vrel kinematic viscosityof the solution relative to that of rmler R.

The K-value of povidone having a nominal K-value of 15 or
less is 85.0 per cent to 115.0 per cent of the nominal value.

The K-vaJue of povidone having a nominal K-value of more
than 15 is 90.0 per cent to 108.0 per cent of me nominal
value.
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Aldehydes
Maximum 500 ppm, expressed as acetaldehyde.

Test solution Dissolve a quantity of the substance to be
examined equivalent £0 1.0 g of anhydrous substance in
phosphate buffer solution pH 9.0 R and dilute to 100.0 mL
with the same solvent. Stopper the flask tightly and heat at
60°C for 1 h. Allow to cool to room temperature.

Reference solution Dissolve 0.140 g of acetaldehyde ammonia
trimer trihydrate R in waterR and dilute to 200.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 100.0 mL
with phosphate buffer solution pH 9.0 R.
Into 3 identical spectrophotometric cells with a path length
of 1 em) introduce separately 0.5 mL of the test solution,
0.5 mL of the reference solution and 0.5 mL of warer R
(blank). To each cell add 2.5 mL of phosphate buffer solution
pH 9.0 Rand 0.2 mL of nicotinamide-adenine dinucleotide
solution R. Mix and stopper tightly. Allow to stand at
22 ± 2°C for 2-3 min and measure the absorbance (2.2.25)
of each solution at 340 nm, using waterR as the
compensation liquid. To each cell add 0.05 mL of aldehyde
dehydrogenase solution R) mix and stopper tightly. Allow to
stand at 22 ± 2 °C for 5 min. Measure the absorbance of
each solution at 340 nm using waterR as the compensation
liquid.

Calculate the content of aldehydes using the following
expression:

(Aa - A,,) - (A" - A,,) 100000 x C
7(A~a=-_-A-;-,'-i,):-_--7(A-;-,",-_-A-;-,"-i-,j x m

A'I absorbence of the test solution before the addition of aldehyde
dehydrogenase;

Aa absorbance of the test solution after me addition of aldehyde
dehydrogenase;

A'l absorbance of the reference solution before the addition of
aldehyde dehydrogenase;

Aa absorbance of the reference solution after the addajon of
aldehyde dehydrogenase;

A61 absorbance or the blank before me addition of aldehyde
dehydrogenase;

Au absorbance of the blank after the addition of aldehyde
dehydrogenase;

m mass of the substance to be examined (anhydrous substance) in
the [CStsolution. in grams;

C concentration of acetaldehyde in the reference solution.
calculated from the mass of oUfaldthyde ollllJl(l1lio (,illler

m1rydrale R wilh the factor 0.72. in milligrams per millilitre.

Peroxides
Maximum 400 ppm, expressed as H202.

Dissolve a quantity of the substance to be examined
equivalent to 4.0 g of the anhydrous substance in waterR
and dilute to 100.0 mL with the same solvent (stock
solution). To 25.0 mL of the stock solution add 2.0 mL of
titanium trUhloride-su/furic acid reagent R. Allow to stand for
30 min. The absorbance (2.2.25) of the solution) measured
at 405 nm using a mixture of 25.0 rnL of the stock solution
and 2.0 mL of a 13 per cent VIV solution of su[func acidR as
the compensation liquid, is not greater than 0.35.

Formic acid
Liquid chromatography (2.2.29).

Testsolution Dissolve a quantity of the substance to be
examined equivalent to 2.0 g of the anhydrous substance in
waterR and dilute to 100.0 mL with the same solvent (stock
solution). Transfer a suspension of strongly acidic ion-exchange
resin R for column chromatography in waterR to a column of
about 0.8 cm in internal diameter to give a packing of about
20 mm in length and keep the strongly acidic ion-exchange
resin layer constantly immersed in water R. Pour 5 mL of

2022

water R and adjust the flow rate to about 1 mUmin. When
the level of the water comes down to near the top of the
strongly acidic ion-exchange resin layer, introduce the stock
solution into the column. Discard the first 2 mL of the
eluate) then collect 1.5 mL of the solution and use this
solution as the test solution.

Reference solution Dissolve 0.100 g of anhydrous formic (Kid R
in waterR and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 100.0 mL with water R.

Column:
- size: 1=0.30 m, 0 =7.8 mm;
- stationary phase: strongly acidic ion-exchange resin R for

colwnn chromatography (9 prn),
- temperature: 35°C.

MoMe phase Dilute I mL of perchloric acidR [0 700 mL
with waterfor chromatography R.

PloW rate 1.0 mUmin.
Detection Spectrophotometer at 210 run.
Injection 50 ~L.

Retention time Formic acid = about 8 min.

Systemsuitability Reference solution:
- repeatabih"ty: maximum relative standard deviation of

2.0 per cent determined on 6 injections;
- number of theoretical places: minimum 1000;
- symmeuyfactor: 0.5 to 1.5.

Calculate the percentage content of fonnie acid using the
following expression:

A, M
-x­
A, m

AI area of me peak due to formic acid in the chromatogram
obtained wiih the test solution;

A z area of the peak due [0 formic acid in the chromatogram
obtained with me reference solution;

m mass oftbe substance to be examined (anhydrous substance) in
the test solution, in grams;

M mass of anhydrolu{rmni& add R in the reference solution. in
grams.

Limit:
- fonnie acid: maximum 0.5 per cent.

Hydrazine
Thin-layer chromatography (2.2.27). Usejreshly prepared
solutkms.
Test solution Dissolve a quantity of the substance to be
examined equivalent to 2.5 g of the anhydrous substance in
25 mL of waterR. Add 0.5 mL of a 50 WL solution of
salkylaldehyde R in methanol R) mix and heat in a water-bath
at 60°C for 15 min. Allow to cool) add 2.0 mL of toluene R,
shake vigorously for 2 min and centrifuge. Use the upper
layer.

Reference solution Dissolve 90 mg of salicylaldehyde azine R
in toluene R and dilute to 100.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 100.0 mL with toluene R.

Plate TLC silanised silica gelPm plate R.
Mobile phase waterR, methanol R (1:2 VW).

Application 10 ~L.

Development Over 3/4 of the plate.

Drying In air.

Detun"on Examine In ultraviolet light at 365 nm.

Retardation factor Salicylaldehyde azine = about 0.3.
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Limit:
- hydrazine: any spot due to salicylaldehyde azine is not

more intense than the spot in the chromatogram obtained
with the reference solution (I ppm).

Impurity A
Liquid chromatography (2.2.29).

Testsolution Dissolve a quantity of the substance to be
examined equivalent to 0.250 g of the anhydrous substance
in the mobile phase and dilute to 10.0 mL with the mobile
phase.
Reference solution (a) Dissolve 50.0 mg of l-vinylpyrrolidin-2­
one R (impurity A) in the mobile phase and dilute to
100.0 mL with the mobile phase. Dilute 1.0 mL of the
solution to 100.0 rnL with the mobile phase. Dilute 5.0 mL
of this solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 10 mg of l-fJ;nylpyrrolidin-2­
one R (impurity A) and 0.5 g of vinyl acetate R in methanol R
and dilute to 100.0 mL with the same solvent. Dilute 1.0 mL
of the solution to J00.0 mL with the mobile phase.

Precolumn:
- size: 1= 0.010 m, 0 = 4.0 mm;
- stationary phase: base-deactivated end-capped oetadecylsi/yl

sltiox gelfor chromatography R (5 urn).

Column:
- size: / =0.15 m, 0 =4.6 mm;
- stationary phase: base-deactivated end-capped ocladecytsilyl

silica gelfor chromatography R (5 pm);
- temperature: 40 "C.

klobile phase acetonitrile for chromatography R, waterfor
chromatography R (10:90 VIV).

Fl= rate 1.0 mUmin.
Detection Spectrophotometer at 235 nm.

Injection 20 ~L; Oafter each injection of the test solution,
wait for about 2 min and wash the precolumn by passing the
mobile phase through the column backwards for 30 min at
the same flow rate as applied in the test.

Relativeretention With reference to vinyl acetate (retention
time =about 14 min): impurity A =about 0.6.0

System suitability:
- resolution: minimum 2.0 between the peaks due to

impurity A and vinyl acetate in the chromatogram
obtained with reference solution (b);

- repeatability: maximwn relative standard deviation of
2.0 per cent determined on 6 injections of reference
solution (a).

Calculate the content of impurity A in parts per million using
the following expression:

AI 2.5
-x­
A, m

A I area of the peak due to impurity A in the chromatogram
obtained with the test solution;

A 2 area of the peak due to impurity A in the chromatogram
obtained with reference solution (a)i

m mass of the substance to be examined (anhydrous substance) in
the lest solution, in grams.

Limir.
- impurity A: maximum 10 ppm.

Impurity B
Liquid chromatography (2.2.29).

Test solution Dissolve a quantity of the substance to be
examined equivalent to 0.500 g of the anhydrous substance

Povidone 11-69I

in the mobile phase and dilute to 100.0 mL with the mobile
phase.

Reference solution Dissolve 0.150 g of 2-pyrrolidone R
(impurity B) in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 2.0 mL of the solution to
100.0 mL with the mobile phase.

Precolumn:
- size: 1= 0.010 m, 0 = 4.0 mrn;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 pm).

Column:
- size: / = 0.15 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped ocladecylsl1yl

silica gelfor chromatography R (5 urn);
- temperature: 40 "C.

klobilephase methanol R2, waterfor chromatography R
(5:95 VIV).

Flow rate 0.8 mlJrnin.

Detection Spectrophotometer at 205 nm.

Injection 50 IJL; Oafter each injection of the test solution,
wait for about 2 min and wash the precolumn by passing the
mobile phase through the column backwards for about
30 min at the same flow rate as applied in the tesr.c

Retention time Impurity B = about 7 min.

Systemsuitability Reference solution:
- repeatabilit}.: maximum relative standard deviation of

2.0 per cent determined on 6 injections;
- number of theoretical plates: minimum 5000.

Calculate the percentage content of impurity B using the
following expression:

AI 0.3
-x­
A, m

AI area or the peakdue 10 impurity B in the chromatogram
obtained with the test sohnion;

A2 area or the peak due to impurity B in the chromatogram
obtained with the reference solution;

m mass of the substance to be examined (anhydrous substance) in
the test solution, in grams.

Limit:
- impun'ly B: maximum 3.0 per cent.

Water (2.5.12)
Maximum 5.0 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Place 0.100 g of the substance to be examined (m mg) in a
combustion flask and add 5 g of a mixture of I g of copper
sulfate pentahydrate R, 1 g of titanium dioxide R and 33 g of
dipotassium sulfate R, and 3 glass beads. Wash any adhering
particles from the neck into the flask with a small quantity of
waterR. Add 7 mL of suifunc acidR, allowing it to run down
the insides of the flask. Heat the flask gradually until the
solution has a clear, yellowish-green colour, and the inside
wall of the flask is free from any carbonised material, and
then heat for a further 45 min. After cooling, add cautiously
20 mL of water R, and connect the flask to the distillation
apparatus, which has been previously washed by passing
steam through it. To the absorption flask add 30 mL of a
40 gIL solution'of boric acid R, 3 drops of bromocresol green­
methylredsolution R and sufficient water to immerse the
lower end of the condenser tube. Add 30 mL of strong sodium
hydroxide solution R through the funnel, rinse the funnel

www.webofpharma.com



II-692 Iodinated Povidone 2022

,
Viscosity range (mPa·s) Molecular mass:

viscosity, expressed as
K-value

Povidone K 12 1.3-2.3 11-14

Povidone K 17 1.5·3.5 16-18

Povidone K 25 35-5.5 24-27

Povidone K 30 5.5-8.5 28-32

Poviebne K 90 300-700 85-95

Table 0685.-1. - Typical uiscosity ranges and ranges for
-oiscosiey expressed as K-value

cautiously with 10 mL of waterR, immediately close the
clamp on the rubber tube, then start distillation with steam
to obtain 80-JOO mL of distillate. Remove the absorption
flask from the lower end of the condenser tube, rinsing the
end part with a small quantity ofwaterR, and titrate the
distillate with 0.025 1"1 sulfuric add until the colour of the
solution changes from green through pale greyish blue to pale
greyish reddish-purple. Carry out a blank determination.

I mL of 0.025lvf sulfuric acid is equivalent to 0.700 rug ofN.

+STORAGE
In an airtight container.•

LABELLING
The label states the nominal K-value.

IMPURITffiS
____________________ PIlE"

A. l-ethenylpyrrolidin-2-one (l-vinylpyrrolidin-2-one),

B. pyrrolidin-2-one (2-pyrrolidone).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides in/onnation on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when usedas an exdpiem (see chapter
5.15). Some ofrhe charactetiuia described in rhe Functionality­
related characteristics section may also bepresent in themandatory
part of the monograph since they also represent mandatory quality
criteria. In such cases, a cross-reference to the tests desctibed in tm
mandawrypan isincluded in the Functionality-related
characteristics section, Control of the charaaetistics can contribute
to the qualityof a medicinal product by improving the consistency
of the manujacturing process and !heperfonnance of the medicinal
product duringuse. Where control methods arecited, they are
recognised as beJi,C suitable for the purpose, but other methods can
also be used. Wherever results for a particular charaaeriuic are
reported; the control method must beindicated.
Thejollowing characteristics may be relevant for pavidone usedas
solubr7iser and stabiliser in liquiddosage forms.

Viscosity (2.2.9)
Determine me dynamic viscosity using a capillary viscometer
on a 10 per cent solution (dried substance) at 25°C. Typical
values are shown in Table 0685.-1.

Molecular mass
(see Viscosity, expressed as K-value). Typical values are
shown in Table 0685.-1.

The jollowing characteristic may berelevant for povidone used as
binder in tablets and granules.

Molecular mass
(see Viscosity, expressed as K-vaJue). Typical values are
shown in Table 0685.-1.

Iodinated Povidone
(Ph. Bur. monograph 1142)

Action and use
Antiseptic.

Preparations
Povidone-Iodine Eye Drops

Povidone-Iodine Mouthwash

Povidone-Iodine Solution

PIlE" _

DEFINITION
Complex of iodine and povidone.

Content
9.0 per cent to 12.0 per cent of available iodine (dried
substance),

PRODUCTION
It is produced using povidone that complies with the
monograph on Povidone (0685), except that the povidone
used may contain not more than 2.0 per cent of fonnic acid
and not more than 8.0 per cent of water.

CHARACTERS
Appearance
Yellowish-brown or reddish-brown, amorphous powder.

Solubility
Soluble in water and in ethanol (96 per cent), practically
insoluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison iodinated povidone CRS.
B. Dissolve 10 mg in 10 mL ofwarer R and add I mL of
starch solution R. An intense blue colour is produced.

TESTS
pH (2.2.3)
1.5 to 5.0.

Dissolve 1.0 g in 10 mL of ,arbon dioxide-free walerR.

Iodide
Maximum 6.0 per cent (dried substance).

Dissolve 0.500 g in 100 mL of warer R. Add sodium
metabisulfiee R until the colour of the iodine has disappeared.
Add 25.0 mL of 0.1 lvf silvernirrare, 10 mL of nieri, acidR
and 5 mL ofjerric ammonium sulfate solution R2. Titrate with
0.1 M ammonium thiocyanate. Carry out a blank titration.
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2022 Pramipexole Dihydrochloride Monohydrate II-693

_____________________ PhE"

STORAGE
Protected from light.

Mobile phase B
(per cent VIJI)

Mobile phase A
(per cent VIJI)

,un,
(mln)

C. Enantiomeric purity (see Tests).

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, 1\Jlethod 11).

Dissolve 0.1 g in waterR and dilute to 10 mL with the same
solvent.

pH (2.2.3)
2.8 to 3.4.

Dissolve 0.4 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent:

Related substances
Liquid chromatography (2.2.29).

Buffersolution Dissolve 5 g of sodium ocumesulfonate
monohydrale Rand 9.1 g ofpoULSSium dihydrogen phosphale R
in 900 mL of"awfor chromatography R. Adjust to pH 3.0
with phosphoric acid R and dilute to 1000 mL with "aW for
chromatography R.

Schsent mixture acetonitrile R, buffer solution (20:80 VIV).

Test solution Dissolve 75 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 7.5 mg of pramipexole for
system suitabilt·ty CRS (containing impurities A, B and C) in
5 mL of the solvent mixture.

Column:
- size: 1= 0.125 m, 0 =4.6 mm;
- stationary phase: end-capped oe'ad«ylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 40 "C.

Mobile phase:
- mobile phaseA: buffer solution;
- mobile phase B: acetonitrile R, buffer solution (50:50 VIV);

191217-81-9302.3

Action and use
Dopamine receptor agonist; treatment of Parkinson's disease.

Preparations
Pramipexole Tablets

Pramipexole Prolonged-release Tablets

H
HN--YYSr' 0 rNH, . 2HCI • H,O

H3C N

1 mL of 0.1 A-I silver nitrate is equivalent to 12.69 mg of total
iodine. From the percentage of total iodine, calculated with
reference to the dried substance, subtract the percentage of
available iodine as determined in the assay to obtain the
percentage of iodide.

Loss on drying (2.2.32)
Maximum 8.0 per cent, determined on 0.500 g by drying in
an oven at 105°C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Transfer 1.000 g into a ground-glass-stoppered flask
containing 150 mL of "aler R and stir for I h. Add 0.1 mL
of dilute acetic acidR and titrate with 0.1 k! sodium thiosulfate
using starch solution R as indicator.

1 mL of 0.11\-1 sodium thiosulfate is equivalent [0 12.69 mg of
available iodine.

Pramipexole Dihydrochloride
Monohydrate
(Ph. Bur. monograph 2416)

PhE" _ 60 ..... 20 40 ..... 80

DEFINITION
(6S)-6-N-Propyl-4,5,6,7 -tetrahydro-I ,3-benzothiazole-2,6­
diamine dihydrochloride monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Freely soluble in water, soluble in methanol, sparingly soluble
or slightly soluble in ethanol (96 per cent), practically
insoluble in methylene chloride.

IDENTIFICATION
Carry out either tests B, C, D or tests A, B, D.
A. Specific optical rotation (2.2.7): -69.5 to -67.0
(anhydrous substance).

Dissolve 0.250 g in methanol R and dilute to 25.0 mL with
the same solvent.
B. Infrared absorption spectropbotometry (2.2.24).

Comparison pramipexole dihydrodiloride monohydrate CRS.

Flew rate 1.5 mUmin.
Detection Spectrophotometer at 264 run.

Injection 5~.

Identification of impurities Use the chromatogram supplied
with promipexole for system sut·,ability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, Band C.

Relative retention With reference to pramipexole (retention
time =about 6 min): impurity A = about 0.7;
impurity B =about 1.5; impurity C =about 1.7.

System suitability Reference solution (b):
- resolution: minimum 6.0 between the peaks due to

impurity A and pramipexole.

Limits:
- impurities AJ B, C: for each impurity, not more than

1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);
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II-694 Prasugrel Hydrochloride 2022

Ph[1I ~_

389574-19-0

andenanliomer . HCI

409.9

o F~X?"
H,C---{ -<X) ..

o I -
s 0

B. (6Sl-N,N'-dipropyl-4,5,6,7-tetrahydro-I,3-benzothiazole­
2,6-diamine,

A. (6Sl-4,5,6,7-tetrahydro-I,3-benzothiazole-2,6-diamine,

H CH3

HN'-Y'!rS, ~r 0--,r-NH
HoC N

H

H'N--O\I ,r-NH,
N

demonstration of compliance. See also 5.10. Control of impumies
in substances for pharmaceutical use) E.

E. N- [(6Sl-2-amino-4,5,6,7-tetrahydro-I ,3-benzothiazol-6-yl]
propanamide.

C. mixture of diasrereolsomers of (6Sl-6-N-[3-1[(6Sl-2­
amino-4,5,6,7-tetrahydro-I ,3-benzothiazol-6-yl]amino]-1­
ethyl-2-methylpropyl]-4,5,6,7-tetrahydro-I,3­
benzothiazole-2,6-diamine,

NJQ H sH,N-----< I H~'C.HN--hi }--NH,
S -, . V-NHN

H,C

D. (6R)-6-N-propyi-4,5,6,7-tetrahydro-I,3-benzothiazole-2,6­
diamine,

(Ph. Eur. manograph 3040)

Prasugrel Hydrochloride

____________________ Ph[1I

Action and use
Inhibitor of ADP-mediated platelet aggregation.

DEFINITION
5-[(1 RSl-2-Cyclopropyl-I-(2-ftuorophenyl)-2-oxoethyl)­
4,5,6,7-tetrahydrothieno[3,2-c)pyridin-2-yl acetate
hydrochloride.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

- unspecified impurities: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
me chromatogram obtained with reference solution (a)
(0.05 per cent).

Enantiomeric purity
Liquid chromatography (2.2.29).

Testsolution Dissolve 6 mg of thesubstance to be examined
in 5 mL of anhydrous "hanoi R and dilute to 20.0 rnL with
the mobilephase.
Reference solution (a) Dissolve 2 mg of pramipexole
impurity D CRS in the mobile phase and dilute to 10 rnL
with the mobile phase. To 1 mL of this solution add 1 mL of
the test solution and dilute to 20 mL with the mobile phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 rnL with the mobile phase. Dilute 1.0 rnL of this
solution to 10.0 mL with the mobile phase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: amylose den"vauVe of SIlica gelfor ehira/

separation R.

1\Jlob/le phase diethylamine R, anhydrous ethanol R, hexane R
(0.1:15:85 VIVIJI).

FWw rate 1.5 mlimin.

Detection Spectrophotometer at 254 run.
Injection 75!1L.

Run time 1.5 times the retention time of pramipexole.
Relative retention With reference to pramipexole (retention
time = about II min): impurity D = about 0.5.

System suitability:
- resolution: minimum 5.0 between the peaks due to

impurity D and pramipexole in the chromatogram
obtained with reference solution (a);

- symmetry factor: maximum 2.4 for the peakdue to
pramipexole in the chromatogram obtainedwith reference
solution (b).

Limit:
- impunty D: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.5 per cent).

Water (2.5.12)
5.0 percent to 7.0 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.120 g in 150 rnL of waterR. Add 10 rnL of dilu..
nitric acid R2 and titrate with 0.1 M saver nitrate, determining
the end-point potentiometrically (2.2.20).

1 mL of O.lIW SIlver nitrate is equivalent to 14.213 mg of
C,oH19CI,N,S.

IMPURITIES
Specified impun'ties AJ B, C, D.

Otherdetectable impurieies (thefollowing substances would, if
present at a sufficient level, be detected by oneor other 0/the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
manograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these impurities for
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CHARACTERS
Appearance
White or almost white, slightlyhygroscopic powder.

Solubility
Slightly soluble in water, freely soluble in methanol, slightly
soluble in acetonitrile, practically insoluble in heptane.

IDENTIFICATION
A. lofrared absorption spectrophotometry (2.2.24).

Comparison prasugrel hydrochloride CRS.

B. It gives reaction (0) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Solvent mixture waterR, acetonitrile R (30:70 VIV).
Test solution (a) Dissolve 25.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Test sohuion (b) Dilute 2.0 mL of test solution (a) to
25.0 mL with the solvent mixture.

Reference solution (a) Dissolve 25.0 mg of prasugre/
hydrochloride CRS in the solvent mixture and dilute to
20.0 mL with the solvent mixture. Dilute 2.0 mL of the
solution to 25.0 mL with the solvent mixture.

Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (cJ Dissolve 2.5 mg ofprasugre/ for system
suitability CRS (containing impurities B and E) in the solvent
mixture and dilute to 2 mL with the solvent mixture.
Column:
- size: I;;;: 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecy/si(yl silica gelfor

chromatography R (5 urn),
- temperature: 45°C.

Mobile phase Mix 35 volumes of acewnilri/e R1 aod
65 volumes of a 1.36 gIL solution of potassium dihydrogen
phospha" R previously adjusted to pH 2.8 with phosphoric
acidR.
Flow ra" 1.2 mllmin.
Detection Spectrophotometer at 210 nm.
Autosampkr Set at 5°C.

Injection 10 IJL of test solution (a) and reference
solutions (b) and (c).

Rwr rime 3.6 times the retention time of prasugrel.
Identification of impurities Use the chromatogram supplied
with prasugrel for system suitability CRS and the chromatogram
obtained with reference solution (c) to identify the peaks due
to impurities Band E.

Relauve retention With reference to prasugrel (retention
rime e about 11 min): impurity B = about 1.1j
impurity E =about 2.3.

System suitab,7ity Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

prasugrel and impurity B.

Calculation ofpercentage contents:
- for each impurity, use the concentration of prasugrel

hydrochloride in referencesolution (b).

Limits:
- jmpuniy B: maximum 0.3 per cent;
- impun"ty E: ma.Wn.U01 0.2 per cent;

Prasugrel Hydrochloride II-695

- unspecified impurities: for each impurity, maximum
O.lO per cent;

- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.32)
Maximum 0.5 per cent, determined on 0.100 g by direct
sample introduction.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substanceswith the following modifications.
Detection Spectrophotometer at 260 om.
Injection Test solution (b) and referencesolution (a).

Calculate the percentage content of C2oH21ClFN03S taking
into account the assigned content of prasugrel
hydrochloride CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities B, E.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cruetion for otherlunspecrfied impurities and/or by thegeneral
monograph Substances forphannaceutical use (2034). It is
therefore not necessary to idenu"jy these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances forpharmaceutical use) A, C, D, F, G.

HO
o VH,C---<~~ ..
o \-V

s 0 andenanuomer

A. 5-[(IRS)-2-cyclopropyl-2-oxo-l-phenylethyl]-4,5,6,7­
tetrahydrothieno[3,2-c]pyridin-2-yl acetate,

HO
o VH,C---< -<=ON .'
o I

s 0 andenantiomer

B. 5-[( 1RS)-2-cyclopropyl-l-(3-ftuorophenyl)-2-oxoethyl]­
4,5,6,7 -tetrahydrothienoj.Lz-cjpyridin-z-yl acetate,

F

o HO
H,C---< -<JONV--'"

o I 'Y
5 0 andenenuoner

C. 5-[(IRS)-2-cyclopropyl-I-(4-ftuorophenyl)-2-oxoethyl]­
4,5,6,7 -tetrahydrothieno[3,2-e]pyridin-2-yl acetate,
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II-696 Pravastatin Sodium 2022

G.I-eyclopropyl-2-(2-f1uorophenyl)ethane-I,2-dione.

DEFINITION
Sodium (3R,5R)-3,5-dihydroxY-7-[( IS,2S,6S,8S,8aR)-6­
hydroxY-2-methyl-8-[[(2S)-2-methylbutanoyl]oxYl­
1,2,6,7,B,Sa-hexahydronaphthalen-l-yl]heptanoate.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white powder or crystalline powder,
hygroscopic.

Solubility
Freely soluble in water and in methanol, soluble in
anhydrous ethanol.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of pravastatin sodium.
C. I mL of solution S (see Tests) gives reaction (a) of
sodium (2.3.1).

TESTS
Solution S
Dissolve 1.00 g in carbon dioxide-free waterR and dilute to
20.0 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, IHethod If).
Dilute 2.0 mL of solution S to 10.0 mL with waterR.
pH (2.2.3)
7.2 to 9.0 for solution S.

Specific optical rotation (2.2.7)
+ 153 to + 159 (anhydrous subsrance).

Dilute 2.0 mL of solution S to 20.0 mL with water R.

Related substances
Liquid chromatography (2.2.29).

So/vent mixture methanol R, waterR (9:II VIV).
Ten so/urion (aJ Dissolve 0.1000 g of the subsrance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.

Test solution (b) Dilute 10.0 mL of test solution (a) to
100.0 mL with the solvent mixture.

Reference solution (oJ Dissolve the contents of a vial of
praoasuuin impllrir;y A CRS in 1.0 mL of test solution (b).

Reference solution (b) Dilute 2.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (cJ Dissolve 12.4 mg of prauastatin
l,l,3,3-tetramethylbutylamine CRS in the solvent mixture and
dilute to 100.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: octade<y/silyl silica gelfor chromatography R

(5 urn);
- temperature: 25°C.

klobiJe phase glacial acetic acid R, triethylamine R, methanol R,
water R (I: 1:450:550 VIVIVIV).
Flow rate 1.3 mUmin.

Detection Spectrophotometer at 238 om.

Injection 10 J1L of test solution (a) and reference
solutions (a) and (b).

Run lime 2.5 times the retention time of pravastatin.

81131-70-6

Itsepimerat C'
and

theirenantiomers

115 eplmera t O'
and

!heir enantiomers

::£
o

E. 5-[( IRS)-5 -cWoro-I-(2-f1norophenyl)-2-oxopentyl]­
4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl acetate,

F. mixture of (7aR)-5-[(IRS)-2-eyclopropyl-I-(2­
f1norophenyl)-2-oxoethyl]-7a-hydroxy-S,6,7,7a­
tetrahydrothieno[3,2-c]pyridin-2(4H)-one and (7aS)-5-
[(I RS)-2-cyclopropyl-I-(2-f1uorophenyl)-2-oxoethyl]-7a­
hydroxy-f,6, 7,7a-tetrahydrothieno[3,2-e]pyridin-2(4H)­
one,

D. mixture of (7aR)-5-[(IRS)-2-eyclopropyl-I-(2­
f1uorophenyl)-2-oxoethyl]-5,6,7,7a-tetrahydrothieno[3,2-c]
pyridin-2(4H)-one and (7aS)-5-[(IRS)-2-cyclopropyl-l­
(2-f1uorophenyl)-2-oxoethyl]-5,6,7,7a-tetrahydrothieno
[3,2-c] pyridin-2(4H)-one,

F~
o H .

H3C--<"_rf~~CI
-\-V 0

andenantiomer

(ph. Ellr. monograph 2059J

c"H,,Na07 446.5

Pravastatin Sodium

PhE,; ~ _

____________________ PhE,;

ActionJand use
HMG Co-A reductase inhibitor; lipid-regulating drug.

Preparation
Pravastatin Tablets
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Relative retention With reference to pravastatin (retention
time e about 21 min): impurity F ;;;; about 0.1;
impurity B = about 0.2; impurity E ::::; about 0.3;
impurity G = about 0.4; impurityA =about 0.6;
impurityD;;;; about 1.9; impurity C ;;;; about 2.1.

System suitability Reference solution (a):
- resolution: minimum 7.0 between the peaks due to

impurity A and pravastatin.

Limits:
- impun"ty A: not more than 1.5 times the area of me

principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cern);

- impurities B, C, D, E: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- impurities F, G: for each impurity, not more man
0.75 times the area of the principal peak in the
chromatogramobtained with reference solution (b)
(0.15 per cent);

- unspecified impunues; for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.10 per cent);

- total: not more than3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.6 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Ethanol (2.4.24, Sysrem A)
Maximum 3.0 per cent. .

Waler (2.5.12)
Maximum 4.0 per cent, determined on 0.500 g.

ASSAY
Liquid chromarography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (c).
Calculate the percentage content of C23HJ5Na07 using the
chromatogram obtainedwith reference solution (c) and the
declared content of pravastatin in prooastaun 1,1,3,3­
tetramethylbutylamine eRS.
1 mg of pravastatin is equivalent to 1.052 mg of pravastatin
sodium.

STORAGE
In an airtight container.

IMPURITffiS
Specified impurities A, B, C.J D, E, F.J G.

A. (3R,5R)-3,5-dihydroxy-7-[(IS,2S,6R,8S,8aR)-6-hydroxy­
2-methyl-8-[[(2S) -2-methylbutanoylJoxyJ-1,2,6,7,8,8a­
hexahydronaphthalen-I-yl)hepranoic acid (6'­
epipravasrarin),

Pravastatin Sodium II-697

B. (3R,5R)-3,5-dihydroxy-7-[(IS,2S,6S,8S,BaR)-6-hydroxy­
B-[[(2S,3R)3-hydroxy-2-methylbutanoyt]oxy)-2-methyl­
1,2,6,7,8,8a-hexahydronaphthalen-l-yl]heptanoic acid
(3 ' ,-(R)-hydroxypravastatin),

CD,H
~H3 0ct0 H

H~'H .. \ '-OH

I H H
/ 0 °

IH
, H3C~CH3

He) H H

c. (3R,5R)-3,5-dihydroxy-7-[(IS,2S,6S,8S,8aR)-6-hydroxy2­
methyl-B-[[(2S)-2-methylpemanoyl]oxy)­
1,2,6,7,8,Sahexahydronaphthalen-l-yJ]heptanoic acid,

o

CH3 O~
Hl¢('H ..~H.,.--OH

I .... H 0 0 H

I 'HY-
HC····~c~

, 3
HO H H

D. (IS,3S,7S,BS,8aR)-3-hydroxy-8-[2-[(2R,4R)-4-hydroxy-6­
oxotetrahydro-2H-pyran-2-yl]ethyl]-7-methyl­
1,2,3,7,B,8ahexahydronaphthaten-l-yl (2S)-2­
methylbutanoate (pravastatin lactone),

CO,H
~H3 ~OH
H~'H... \ "'OH

I ..-H 0 O. H

IH
f H3Ch CH3

HOH "HOH

E. (3R,5R)-3,5-dihydroxy-7-[(lS,2S,6S,8S,8aR)-6-hydroxy­
8-[[(2S,3S)3-hydroxy-2-methylburanoyl]oxy]-2-methyl­
1,2,6,7,B,Ba-hexahydronaphthaien-l-yl]heptanoic acid
(3' r-(S)-hydroxypravastatin),

CH He .OH (C02H

H»'I.~ .. OHI H OH H

I'H

H(>' H

F. (3R,5R)-7-[(I S,2S,6S,8S,8aR)-6,8-dihydroxy-2-methyl­
1,2,6,7,8,Ba-hexahydronaphthalen-I-yl]-3,5­
dihydroxyheptanoic acid,
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G. (3R,5R)-3,5-<1ihydroxy-7-[(IS,2S)-6-hydroxy-2-methyl­
1,2-dihydronaphthalen-I-yl]heptanoic acid.

____________________ PhE"

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- stationary phase: end-capped extra-dense bonded octade<y/silyl

silica gelfor chromatography R (1.8 pm);
- temperature: 55°C.

Mobile phase:
- mobile phase A: methanol R1, waterfor chromatography R

(5:95 VIII);
- mobile phase B: methanol R1, aceronitrile R1 (5:95 VIII);

Prazepam
(Ph. Eur. monograph 1466)

Tim, Mobile phase A MobUe phase B
(min) (per cent VIJI) (per cent VIJI)

0-05 55 45

0.5 ~ 6.5 55 ..... 15 45 ..... 85

65 ~ 8.5 15 85

PhE" _

DEFINlTION
7-Chloro-I-(cyclopropylmethyl)-5-phenyl-I,3-dihydso-2H­
1,4-benzodiazepin-2-one.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, sparingly soluble in anhydrous ethanol.

mp
About 145 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison prazepam CRS.

TESTS
Related substances
liquid chromatography (2.2.29).

Solvent mixture acetonitrile RJ, waterfor chromatography R
(50:50 VIII).

Testsolution Dissolve 50 mg of the substance to be
examined in 25 mL of acetonitrile R1 and dilute to 50.0 mL
withwaterfor chromatography R.

Reference solution (a) Dissolve 5 mg of
ominochlorobenzophmone R (impurity C) in acewnitrile R1 and
dilute to 50.0 mL with the same solvent. Dilute 1.0 mL of
the solution to 10.0 mL with the solvent mixture. Dilute
1.0 mL of this solution to 10.0 mL with the test solution.

Flow rale 2.0 mUmin.
Detection Spectrophotometer at 235 nID.

Injection 2 ~L.

ldemificotion of impurities Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurity C.
Relative retention With reference to prazepam (retention
time =about 3 min): impurity C =about 0.9.
System suitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurity C and prazepam.

Calculation ofpercenUlge contents:
- for each impurity, use the concentration of prazepam in

reference solution (b).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 DC.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 25 mL of anhydrous acetic acidR. Titrate
with O. I M perchloric acid, determining the end-point
potentiometrically (2.2.20).

I mL of O. I M perchloric acid is equivalent to 32.48 mg of
C"H"CIN,O.

STORAGE
Protected from light.

IMPURITIES
Other detectable impurities (thefol/owing subslances would, if
present at a sufficient level, be detected by oneor other of the tests
in themonograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monogrQPh Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these ;mpun'ties for
demonstration of compliance. See also -s.L O. Control of impunius
in substances forpharmaceutical use) A, B, G, D.

2955-38-6324.8

Action and use
Anxiolytic.
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DEFINTIlON
(II bRS)-2-(Cyclohexylcarbonyl)-1 ,2,3,6,7,11 b-hexahydro­
4H-pyrazino[2,I-a]isoquinolin-4-one.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightly solublein water, freely soluble in ethanol
(96 per cent) and in methylenechloride.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison praeiquontel CRS.

If the spectra obtainedshow differences, dissolve 50 mg of
the substance to be examined and 50 mg of the reference
substance separately in 2 mL of methanol R. Evaporate and
dry the residue at 60 °C at a pressure not exceeding 0.7 kPa.
Record new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 40.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.
Test solution (b) Dilute 5.0 mL of test solution (a) 10

100.0 mL with the mobile phase.

Reference solutUm (a) Dissolve 40.0 mg of praziquantel CRS
in the mobile phase and dilute to 10.0 mL with the mobile
phase. Dilute 5.0 mL of this solution to 100.0 mL with the
mobilephase.
Reference solution (b) Dissolve 2 mg of praziquatltel for system
suitalnlity CRS (containing impurities A and B) in the mobile
phase and dilure to 10.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of test solution (a) 10

100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution £0 10.0 mL with the mobile phase.
Column:
- size: 1= 0.25 m, 0 =4.0 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromawgraphy R (5 urn).

Mobile phase acetonitrile Rt, waterfor chromatography R
(45:55 VIV).

Flow rate 1 mlJrnin.

Detection Spectrophotometer at 210 om.

injection 20 J.lL of test solution (a) and reference
solutions (b) and (c).

Run time 4 times me retention time of praziquantel.
Identification of impurities Use the chromatogram supplied
with praziquantel for system suitability CRS and the
chromatogram obtained with reference solution (b) (0

identify the peaksdue to impurities A and B.

Relativeretention Withreference to praziquantel (retention
time = about 10 min): impurity A = about 0.6;
impurity B = about 2.2.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaksdue to

impurity A and praziquamel.

PIlE" _

55261H4-I

andenantlomer

312.4

~
NH2

"" I 0CI

I""
4'

A. 7-chloro-5-phenyl-I,3-dihydro-2H-I,4-benzodiazepin-2­
one (nordazepam),

~

~
NH

I 0
CI ""

I""
4'

B. [5-chloro-2-[(cyclopropylmethyl)amino]phenyl]
phenylmethanone,

C. (2-amino-5-chlorcphenyl)phenylmethanone
(aminochlorobenzophenone),

D. N-(2-benzoyl-4-chlorcphenyl)-2-bromo-N­
(cycloprcpylmethyl)acetamide.

(Ph. Eur. monograph 0855)

Praziquantel

___________________ PIIE<I

Action and use
Anthelminthic.
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___________________ Pf>E"

**** ** ** ****

19237-84-4

. Hel

419.9

Action and use
Alphal-adrenoceptor antagonist.

Preparation
Prazosin Tablets

Prazosin Hydrochloride
(Ph. Eur. monograph 0856)

Pf>E" _

C. N-fonnyl-N-[2-oxo-2-(I-oxo-3,4-dihYdroisoquinolin-2
(J H)-yl)ethyl)cyclohexanecarboxamide.

IDENTIFICATION
First identification: A, C.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison prazosin hydrtXhloride CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in a mixture of 1 volume of diethylamine R,
10 volumes of methanol Rand 10 volumes of muhy1ene
chloride R and dilute to 10 rnLwith the same mixture of
solvents.
Reference solution Dissolve 10 mg of prazosin
hydrtXhloride CRS in a mixture of I volume of diethylamine R,
10 volumes of melhanol Rand 10 volumes of methylene
chloride R and dilute to 10 mL with the same mixture of
solvents.
Plate TLC sili", gelGF'j4 plate R.
Mobile phase diethylamine R, ethylacetate R (5:95 VIV).

DEFINITION
[4-(4-Amino-6,7-<limethoxyquinazolin-2-yl)piperazin-l-yl]
(furan-2-yl)methanone hydrochloride.

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white powder.

Salubility
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent) and in methanol, practically insoluble in
acetone.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity B by 1.4;
- impurities A, B: for each impurity, not more thantwice the

area of me principal peak in the chromatogram obtained
with reference solution (c) (0.2 per cent);

- unspecified impun'lies: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (c)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (c)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 50°C at a pressure not exceeding0.7 kPa for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (a).

Calculate the percentage content of C19H24NzOz taking into
account the assigned content of prazjquantel CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

Other detectable impurities (thefollowing sub'tances would, if
present at a sufficient level, be detected by aneorother of the tests
in themonograph. They are limited by thegeneral a«eptance
ctiunonforotherlunspeaJied impuniies andlor by the general
manograph Substances for pharmaceutical use (2034). It is
therefore not necessary W identify these impun'ties for
demonstration of rompliame. See abo 5.10. Control of impurities
in sub'tances for phatmcceudcol use) C.

A. (II bRS)-2-benzoyl-I,2,3,6,7,llb-hexahydro-4H-pyrazino
[2J l-a]isoquinolin-4-one)

B. 2-(cyclohexylcarbonyl)-2,3,6,7-tetrahydro-4H-pyrazino
[2)l-a]isoquinolin-4-one)
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Application 10 ~L.

Development Over 2/3 of the plate.

Drying In a current of warm air.

Deteccion Examine in ultraviolet light at 254 nm.

Results The principal spot in the chromatogram obtained
with we test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

C. Dissolve about 2 mg in 2 mL of water R. The solution
gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
soIucion to 10.0 mL with the mobile phase.

Reference solution (b) Dilute 1 mL of the test solution to
10 mL with me mobile phase. Use 1 mL of this solution to
dissolve the contents of a vial ofprazosin impun·ty A CRS.

Column:
_ size: I::::; 0.25 01, 0 =4.6 mmj
_ stationary phase: end-capped octade.yl,ilyl silica gelfor

ehronzarography R (5 um).

lHobile phase Mix 50 volumes of methanol Rand 50 volumes
of a solution containing 3.5 gIL of sodium pentanesulfonate R
and 3.6 gIL of tetramethylammonium hydroxide R previously
adjusted to pH 5.0 with glacial acetic acidR.

Flow rate I mIJrnin.
Detection Spectrophotometer at 254 nm.

Injection 20~.

Run time 4 times the retention time of prazosin.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to

impurity A.
Relative retention With reference to prazosin (retention
time =- about 8 min): impurity A =about 0.8.

System suitability Reference solution (b):
_ resolution: minimum 3.0 between the peaks due to

impurity A and prazosin.

Calculation of percentage contents:
_ for each impurity, use the concentration of prazosin

hydrochloride in reference solution (a).

Limits:
_ impun'cyA: maximum 0.2 per cent;
_ unspecified impuniies: for each impurity, maximum

0.10 per cent;
_ total: maximum 0.5 per cent;
_ reporting threshold: 0.05 per cent.

Iron
Maximum 100 ppm.

Atomic absorption spectrometry (2.2.23, Method1).

Test solution To 1.0 g add dropwise about 1.5 mL of nitric
acidR. After fuming has subsided, evaporate on a water-bath
and ignite by gradually raising the temperature from 150°C
to 1000 ± 50°C, maintaining the final temperature for I h.
Cool, dissolve the residue in 20 mL of dilute hydrochloric
acid R, evaporate to about 5 mL and dilute to 25.0 mL with
dl7ute hydrochloric acid R.

Prazosin Hydrochloride 11-701

Reference solutions Prepare the reference solutions using iron
standard solution (8 ppm Fe) R, diluted as necessary with
water R.

Source Iron hollow-cathode lamp.

Wavelength 248 nm.

Flame Air-acetylene.

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.00 g using a
mixture of equal volumes of methanol R and methylene
chloride R as solvent.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
In order u) avoid overheating in the reaction medium, mix
thoroughly throughout the titration and stopthe titration
immediately after the end-point has been reached.
Dissolve 0.350 g in a mixture of 20 mL of anhydrous formic
acidRand 30 mL of acetic anhydride R. Titrate quickly with
O.l/vI perchknic acid, determining the end-point
potentiometrically (2.2.21J).

I mL of 0.1 M pen:hloric acid is equivalent to 41.99 mg of
CI9H22CIN50,,-.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurides A.

Otherdetectable impurities (thefollowing substances WQuld, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impumies and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) BJ C, D, E.

A. 2-ehloro-6,7-dimethoxyquinazolin-4-amine,

B. (piperazin-I,4-diyl)bis[(furan-2-yl)methanonel,

C. 6,7-dimethoxy-2-(piperazin-I-yl)quinazolin-4-amine,

D. (furan-2-yl)(piperazin-I-yl)methanone,
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_____________________ PhEur

PhE<I ~ _

TESTS
Specific optical rotation (2.2.7)
+ 60 to + 66 (dried substance).

Dissolve 0.250 g in ethanol (96 percent) R and dilute to
25.0. mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare thesonuions
immediately before use.
Test solution Dissolve 30.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Reference so/urien (aJ Dissolve 3 mg of prednicarbate for
system suitabtlliy A CRS (containing impurities BJ C, D J E
and F) in the mobile phase and dilute to 5 mL with the
mobile phase.

Reference solution (b) Dissolve 3 mg of prednicarbate for peak
idemlfiauion CRS (containing impurity G) in the mobile
phase and dilute to 5 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution 10
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference sduuon (d) Dissolve 30.0 mg of prednicarbate CRS
in the mobile phase and dilute to 50.0 mL with the mobile
phase.

Column:
- size: I:::: 0.125 m, 0 :::: 4 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromarography R (5 pm).

Mobile phase acetonitrile for chromatography RJ waterfor
chromatography R (50:60 VIV).
Flow rate 0.7 mUmin.

Detection Spectrophotometer at 243 run.

Injection 20 J.lL of the test solution and reference
solutions (a), (b) and (c).

Run time 2.6 times the retention time of prednicarbate.

Identification of impurities Use the chromatogram supplied
with prednicarbate for system suitaMityA CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities B, CJ D J E and F; use
the chromatogram supplied with prednicatbate for peak
identification CRS and the chromatogram obtained with
reference solution (b) to identify the peak due to impurity G.

Relative retention With reference to prednicarbate (retention
time :::: about 20 min): impurity B :::: about 0.25;
impurity C :::: about 0.35; impurity D :::: about 0.39;
impurity E =about 0.6; impurity F =about 1.2;
impurity G = about 2.4.

Application 5 ~IL; the volwne may be adapted based on the
type of plate used.

Dendopmem Over 3/4 of the plate.

Drying In air.

Deteaion Spray with a solution prepared as follows: dissolve
0.25 g of 2,4-dihydroxybenzaldehyde R in glacial acetic acid R,
dilute to 50 mL with the same solvent and add a mixture of
12.5 mL of sulfuric acidRand 37.5 mL of glacial acetic
acidR; heat the plate at 90 "C for 35 min or until the SPOlS
appear, allow to cool and examine in daylight and in
ultraviolet light at 365 run.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

**** ** ** ****

73771-04-7488.6

o

(Ph. Bur. monograph 1467)

Prednicarbate

Action and use
Glucocorticoid.

E. 2,2'-(piperazin-I,4-diyl)bis(6,7-dimethoxyquinazolin-4­
amine).

DEFINITION
II~-Hydroxy-3,20-dioxopregna-1 ,4-diene-17,21-diyl
17-(elhyl carbonate) 21-propanoate.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
'White or almost while, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in acetone and in
ethanol (96 per cent), sparingly soluble in propylene glycol.

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A.
Secondidentification: B.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison prednicarbate CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of ethanol
(96 per cent) R, evaporate to dryness on a water-bath and
record new spectra using the residues.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution Dissolve 10 mg of prednicatbate CRS in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Plate TLC silica gelF'54plate R.
MobJe phase methanol R, methylene chloride R (10:90 VIV).
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D. ethyl IIp,17-<1ihydroxy-3,20-dioxopregoa-I,4-<1ien-21-yl
carbonate (prednisolone 21-ethylcarbonate),

c. II p,17-dihydroxy-Sjzu-dioxopregna-I ,4-dien-21-yl
propanoare (prednisolone 21-propanoate),

o

o

o 0

CH) 0-<'
--OH O~

CH,

o

E. II jl-hydroxy-3,20-<1ioxopregoa-1 A-diene-17,21-diyl
21-acetate 17-(ethyl carbonate) (prednisolone zl-accrare
17-ethylcarbonate),

F. IIP-hydroxy-3,20-dioxoprego-4-ene-17,21-<1iylI7-(ethyl
carbonate) 21-propanoate (J,2-dihydroprednicarbate),

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (d).

Calculate the percentage content of C 27H360S taking into
account the assigned content of prednicarbate CRS"

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, C, D, E, F, G.
Other detectable ;mpun'ties (the following substances would, if
presentat a sufficient leud, bedetected by oneor other of the tests
in themonograph. They are limited by thegeneral acceptance
ctiterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance" See also 5.10. Control of impw1ties
in substances for pharmaceutical use) A.

SYSlt!»l .wizabilily Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

prednicarbate and impurity F; minimum 1.5 between the
peaks due to impurities C and D.

Calculation of percentage contents:
- for each impurity, use the concentration of prednicarbate

in reference solution (c).

Limits:
- impun"ty F: maximum 0.8 per cent;
- impun"ty C: maximum 0.5 per cent;
- impun"ty E: maximum 0.3 per cent;
- impurities B, D: for each impurity, maximum 0.2 per cent;
- ;mpun"ty G: maximum 0.15 per cent,
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 2.0 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

o

A. II p, 17,21-rrihydroxypregoa-l,4-diene-3,20-<!ione
(prednisolone),

o
OH

··0

}-O
o '-CH3

o

G. 3,20-dioxo-11 p-pregoa-I,4-diene-lI, 17,21-triyl 17-(ethyl
carbonate) 11,21-dipropanoate (prednicarbate
Ll-propanoate).

____________________ I'I>EII

B. ethyl 11p,21-dihydroxy-3,20-dioxopregoa-1 ,4-<1ien-17-yl
carbonate (prednisolone 17-ethylcarbonate),
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PhEUI

DEFJNITION
IIJl, 1 7,21-Trihydroxypregna-l,4-diene-3,20-dione.

Content
96.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline, hygroscopic powder.

Solubility
Very slightly soluble in water, soluble in ethanol
(96 per cent) and in methanol, sparingly soluble in acetone,
slightly soluble in methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
First identifUation: A, B.
Second identification: C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisolone CRS.
If the spectra obtained in the solid state show differences)
dissolve the substance to be examined and the reference
substance separately in the minimum volume of aatQtle R,
evaporate to dryness on a water-bath and record new spectra
using the residues. .
B. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (d).
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of Ute substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.
Reference soluriim Dissolve 10 mg of prednisolone CRS in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Plate TLC silica gelFm plate R.

Mobile phase methanol R, methykne chloride R (10:90 VIV).

Applicatiim 5 ~L.

Development Over 3/4 of the plate.

Drying In air.
Detection Spray with a solution prepared as follows: dissolve
0.25 g of 2,4-dihydroxybenzaldehyde R in glacial acetic add R,
dilute to 50 mL with the same solvent and add a mixture of

Thoe MobUe phase A MobUe phase B
(min) (per cent VIV) (per cent V~

O· 14 60 4.
14·20 60 -+ 20 40 -+ 80

20 - 25 2. 80

12.5 mL of sulfuric acidRand 37.5 mL of glacial acetic
acidR; heat at 90°C for 35 min or until the spots appear,
allow to cool and examine in daylight and in ultraviolet light
at 365 om.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

TESTS
Specific optical rotation (2.2.7)
+ 113 to + 119 (dried substance).

Dissolve 0.250 g in ethanol (96 percenv R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry ourthe test protected
from lighc
Solvent mixture acetonitrile R, water R (40:60 VIV').

Test solution (aJ Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Test solution (b) Dissolve 25.0 rng of the substance to be
examined in the solvent mixture and dilute to 20.0 rnL with
the solvent mixture. Dilute 1.0 mL of the solution to
j 0.0 mL with the solvent mixture.

Reference solution (a) Dissolve 5 mg of prednisolone for system
suitability CRS (containing impurities A, B and C) in the
solvent mixture and dilute to 10 mL with the solvent
mixture.

Reference solution (b) Dissolve 5 mg of prednisolone for peak
identification CRS (containing impurities F and D in the
solvent mixture and dilute to 10 mL with the solvent
mixture.

Reference solution (c) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 rnL with the solvent mixture.
Reference solution (d) Dissolve 25.0 mg of prednisolone CRS
in the solvent mixture and dilute to 20.0 mL with the solvent.
mixture. Dilute 1.0 rnL of the solution to 10.0 mL with the
solvent mixture.

Column:
- size: 1= 0.15 01, 0 =4.6 mm;
- stationary phase: end-capped octad«ylsilyl silica gelfor

chromatography compatible with 100per centaqueous mobile
phases R (3 pm);

- temperature: 40°C.

Mobile phase:
- mobile phase A: waterfor chromatography R;
- mobile phaseB: acetonitrile R. methanol R (50:50 VIV);

Flow rate 1 mUmin.

Detection Spectrophotometer at 254 run.

Injection 10 ~L of test solution (a) and reference
solutions (a), (h) and (c).

Identification of impurities Use the chromatogram supplied
with prednisolone for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A) Band C; use the

5()"24-8360.5

(Ph. Eur. monograph 0353)

o

C21Hz s05

Action and use
Glucocorticoid.

Preparadons
Prednisolone Tablets

Prednisolone Gastro-resistant Tablets

Predn isolone
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A. IIP,17,21-trihydroxypregn-4-ene-3,20-dione
(hydrocortisone),

B. 17~21-dihydroxypregna-1,4-diene-3)11,20-trione

(prednisone),

o

o

o

o

C. IIp,17-dihydroxy-3,20-dioxopregna-I,4-dien-21-yl acetate
(prednisolone acetate),

chromatogram supplied with prednisolone for peak
identification CRS and the chromatogram obtained with
reference solution (b) to identify the peaks due to
impurities F andI-
Re/alive retention Wiili reference to prednisolone (retention
time = about 12 min): impurity F = about 0.7;
impurity B =about 0.9; impurity A =about 1.05;
impurity J= about 1.5; impurity C = about 1.7.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 3, where Hp ;;;; height above

the baseline of the peakdue to impurity A and
H; ;;;; heightabove the baseline of the lowest point of the
curve separating this peak from the peak due to
prednisolone.

Limits:
- impurity A: not more than 10 times the area of the

principal peak in the chromatogram obtained with
reference solution (c) (1.0 per cent);

- impurity F: not more than 5 times me area of the principal
peak in the chromatogram obtained withreference
solution (c) (0.5 per cent);

- impurities B~ C~ J: for each impurity, not more than
3 times the area of the principal peakin the
chromatogram obtained withreference solution (c)
(0.3 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (c) (0,10 per cent);

- total: not more than 15 times the area of the principal
peak in the chromatogram obtained withreference
solution (c) (1.5 per'cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (c)
(0.05 per cent).

Loss on drying (2.2.32)
Ma:<imum 1.0 per cent, detennined on 0.500 g by drying in
an oven at 105°C.

o

D. 6P, II p,17,21-tetrahydroxypregna-I,4-diene-3,20-dione
(6P-hydroxyprednisolone),

E. J Ip, 14a, 17,21-tetrahydroxypregna-I,4-diene-3,20-dione
{l-lc-hydroxyprednlsolone),

o

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (d).
CalClllate the percentage content of C21H280j taking into
account the assigned content of prednisolone CRS,

STORAGE
In an airtight container, protected from light.

IMPURITIES
Spedjied impurities A~ B~ C~ F~ J.
Other detectable impurities (thefollowing substances would, if
presentat a sufficient Ievd, be detected by oneor other of the tests
in themonograph, Theyare limited by the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). II is
therefore not necessary to identify these impurities for
demonstration of comdiance. See also 5. JO. Control of impurities
in substances for phannaceutical use) D~ E~ G, H~ I.

F. 11«, 17,21-trihydroxypregna-I,4-diene-3,20-<!ione (ll-epi­
prednisolone),
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CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
First idemlfication: A, B.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisolone aceUlte CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
examinedin the mobilephaseand dilute to 10.0 mL with
the mobilephase.
Reference solution Dissolve 10 mg of prednisolone acetate CRS
in the mobile phase anddilute to 10.0 mL with the mobile
phase.
Plat< TLC silica gelP", plateR.

Mobue phase methanol R, methylene chloride R (10:90 VfIl).

Application 5 ~L.

Development Over 3/4 of the plate.

Drying In air.

Delation Spray with a solutionprepared as follows: dissolve
0.25 g of 2,4-dihydroxybenzaldehyde R in glacial acetic acidR,
dilute to 50 rnLwith the same solventand add a mixture of
12.5 mL of mljuric acidR aod 37.5 mL of glacial acedc
acid R; heat at 90°C for 35 min or until the spots appear,
allow to cool and examine in daylight and in ultraviolet light
at 365 nm.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size to
the principal spot in the chromatogram obtained with the
reference solution.
C. Add about 2 mg to 2 mL of sulfwu acidR and shake to
dissolve. Within 5 min, an intenseredcolourdevelops. When
examined in ultraviolet lightat 365 nrn, a reddish-brown
fluorescence is seen. Add the solution to 10 mL of waterR
and mix. The colourfades and there is greenish-yellow
fluorescence in ultraviolet lightat 365 run.

TESTS
Specific optical rotadon (2.2.7)
+ 128 to + 137 (dried substance).

Dissolve 70.0 mg in methanol R2 and dilute to 20.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare thesolutions
immediately before use.
Buffersolution pH 4 Mix I volume of dilut< hydrochw.u
add R, 5 volumes of a 68.1 gILsolution of sodium acetate RJ

15 volumes of a 37.3 gIL solution of potassium chloride Rand
79 volumes of WQter R.

Solvent mixture Mix equal volumes of aceroniln"le Rand
buffer solution pH 4.

Test solution Dissolve 25.0 mg of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.
Reference solution (a) Dissolve 2 mg of prednisolone
acetat< CRS and 2 mg of hydrocortisone ace'at< CRS
(impurity A) in the solvent mixture and dilute to 100 mL
with the solvent mixture.

52-21-1

OH

402.5

o

o

(Ph. Bur. monograph 0734)

o

o

C"H,a06

Action and use
Glucocorticoid.

Preparation
Prednisolone AcetateInjection

o

o

!'hE" ---------~--------

DEFINITION
II~,17.Dihydroxy-3,20-dioxopregna-I,4-dien-21-yl acetate.

Content
97.0 per cent to 103.0 per cenr (driedsubstance).

Prednisolone Acetate

J. 17 ,21-dihydroxypregna-1,4-diene-3,20-dione (11­
deoxyprednisolone).

___--------------~--"'E'"

G. 11/3, 17,20~,21-tetrahydroxypregna-I,4-dien-3-one(20~­
hydrOx)l' redn isolone),

1. IIp,21-dihydroxypregna-I,4-diene-3,20-dione (17­
deoxyprednisotone),

H. 1113,17,21-trihydroxypregna-I,4,6-triene-3,20-dione (lJ.6_
prednisolone),
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o

Otherdelectable impurities (thefollowing substances would, if
present at a sufficient Ieoel, be detected by oneor otherof the tests
in the monograph, They are limited by thegeneral acceptance
criterion for other/unspecified impuriues and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10" Control of impurities
in substances for pharmaceutical use) D, E.

o

o

A. lIP,17-dihydroxy-3,20-dioxopregn-4-en-21-yl acetate
(hydrocortisone acetate),

B. 1113,17,21-trihydroxypregna-l ,4-diene-3,20-dione
(prednisolone),

c. 17-hydroxy-3,20-dioxopregna-I,4-diene-ll P,21-diyl
diacetate (prednisolone 11,21-diacetate),

D. II p, I7-dihydroxypregna-I,4-diene-3,20-dione,

E. 17-hydroxy-3,20-dioxopregna-1,4,9(1 1)-trien-21-yl
acetate.

_____________________ PhE"

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 2.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (c) Dissolve 5 mg of prednisolone acetate for
peak identification CRS (containing impurities A, B and C) in
the solvent mixture and dilute to 50 mL with the solvent
mixnIIe.

Column:
size: I = 0.25 ill, 0 = 4.6 mm;
stationary phase: end-capped oaadecylsily/ silica gelfor
chromarography R (5 urn);
temperature: 40 -c,

lvIobile phase acetonitrile R, water for chromalOgraphy R
(35 :65 VIV).

Flow rate 1 mUmin.
Detection Spectrophotometer at 254 nm.

Injection 20 ~L.

Run time 2.5 times the retention time of prednisolone
acetate.
Identification of impurities Use the chromatogram supplied
with prednisolone m:elale for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, Band C.
Relative retention With reference to prednisolone acetate
(retention time = about 17 min): impurity B = about 0.4;
impurity A = about 1"1; impurity C =about 2.0.

System suitability Reference solution (a):
_ resolution: minimum 2.0 between the peaks due to

prednisolone acetate and impurity A.

Limits:
_ impun'tks A, B: for each impurity, not more than 5 times

the area of the principal peak in the chromatogram
obtained with reference solution (b) (1.0 per cent);

_ impun"ty C: not more than 2.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

_ unspecifiedimpuruies: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

_ total: not more than 10 times me area of the principal
peak in the chromatogram obtained with reference
solution (b) (2.0 per cent);

_ disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

ASSAY
Dissolve 0.100 g in ethanol (96 per cent) R and dilute to
100.0 rnL with the same solvent. Dilute 2.0 rnL of the
solution to 100.0 mL with ethanol (96 percent) R. Measure
the absorbance (2.2.25) at the absorption maximum at

243 run.
Calculate the content of C23H30 0 6 taking the specific
absorbance to be 370.

STORAGE
Protected from light.

IMP()RITlES
Speafiedimpun"ties A, B, C.
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PhEId __-------------------

DEFINITION
II p, 17-Dihydroxy-3,20-dioxopregna-I,4-dien-21-yl
2,2_dimethylpropanoate.

Content
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubllity
Practically insoluble in water, slightly soluble in ethanol
(96 per cent}, soluble in methylene chloride.

mp
About 229 °C, with decomposition.

IDENTIFICATION
First identification: B, C.

Second identification: A, C, D.
A. Dissolve 10.0 mg in anhydrous ethanol R and dilute to
100.0 mL with the same solvent. Place 2.0 mL of this
solution in a ground-glass-stoppered tube, add 10.0 mL of
phenylhydrazine-suljun"c acid solutien R, mix and heat in a
water-bath at 60 °C for 20 min. Cool immediately.
The absorbance (2.2.2.5) at the absorption maximum at
415 nm is 0.20 to 0.30.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisolone pivaJal< CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of ethanol
(96 percent) R) evaporate to dryness on a water-bach and
record new spectra using the residues.

C. Thin-layer chromatography (2.2.27).

Solven' mixture methanol R, methylene chloride R (1:9 VIV).

Test solution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 10 mL with
me solvent mixture.

Reference solurian (a) Dissolve 10 mg of prednisolone
pivalaleCRS in the solvent mixture and dilute to 10 mL with
the solvent mixture.

Rejerence solurian (b) Dissolve 10 mg of prednisolone
acetate CRS in the solvent mixture and dilute to 10 mL with
the solvent mixture. Dilute 5 mL of this solution to 10 mL
with reference solution (a).

Pial< TLC silica gelFZ54 plate R.

Jvlobile phase Add a mixture of 1.2 volumes of waterRand
8 volumes of methanolR to a mixture of 15 volumes of
etherRand 77 volumes of methylene chloride R.

Application 5 ~L
Deuelopment Over a path of 15 em.

Drying In air.

Detection A Examine in ultraviolet light at 254 nm.

Results A The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained wim reference
solution (a).

Detection B Spray with akoholic solution ofsulfuric acid R,
heat at 120°C for 10 min or until the spots appear) and
allow to cool; examine in daylight and in ultraviolet light at
365 nm.

Results B The principal spot in the chromatogram obtained
with the test solution is similar in position) colour in daylight,
fluorescence in ultraviolet light at 365 nm and size to the
principal spot in me chromatogram obtained with reference
solution (a).

Systemsuitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

D. To 2 mL of sulfuric acid R, add about 2 mg and shake to
dissolve. Within 5 min, an intense red colour develops. When
examined in ultraviolet light at 365 nm, a reddish-brown
fluorescence is seen. Add this solution to 10 mL of water R
and mix. The colour fades and there is greenish-yellow
fluorescence in ultraviolet light at 365 nm.

TESTS
Specific optical rotation (2.2.7)
+ 104 to + 112 (dried subsrance).

Dissolve 0.250 g in dioxan R and dilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solutwn Dissolve 62.5 mg of the substance to be
examined in 2 mL of a mixture of 1 volume of water R and
4 volwnes of l<lrahydrofuran R and dilute to 25.0 mL with
the mobile phase.

Reference solution (a) Dissolve 25 mg of prednisolone
acetate CRS, 25 mg of cortisone acetate CRS and 25 mg of
prednisolone pivalate CRS in 2 mL of a mixture of 1 volume
of waterRand 4 volumes of tetrahydrofuran R and dilute to
25.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 25.0 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of me test solution to
50.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: octadecylsilyl silica gd for chromalOgraphy R

(5 urn).

Mobile phase Carefully mix 19 mL of butyl amal< RJ with
37 mL of tetrahydrofuran R and 213 mL of ethylene gly",1
monomethyl etherR, then add with 231 mL of waterR; mix,
allow to equilibrate for I hand filrer through a 0.45 urn
filter.

Fluw rate 1 mUmin.
Detection Spectrophotometer at 254 nm.

Equilihra'ion With the mobile phase for about 30 min.

Injeaion 20 ~L.

Run time 1.5 times the retention time of prednisolone
pivalate.

1/07-99-9444.6

o

Action and use
Glucocorticoid.

(Ph. Eur. monograph 0736)

Prednisolone Pivalate
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PhE" _

Content
96.0 per cent to 103.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Freely soluble in water, very slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B, C.

Second identification: A, C, D, E.
A. Dissolve 10.0 mg in 5 mL of water R and dilute to
100.0 mL with anhydrous ethanol R. Place 2.0 mL of this
solution in a ground-glass-stoppered tube, add 10.0 mL of
phenylhydrazine-sulfim·c acidsolution R, mix and heat in a
water-bath at 60 DC for 20 min. Cool immediately.
The absorbance (2.2.25) at the absorption maximum at
415 run is 0.10 10 0.20.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison prednisolone sodium phosphate CRS.

If the spectra obtained in the soJid state show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of ethanol
(96 per cent) R, evaporate to dryness on a water-bath and
record new spectra using the residues.

C. Tbin-Iayer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined In methanol R and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of prednisolone sodium
phosphate CRS in methanol R and dilute 10 10 mL with the
same solvent.

Reference solution (b) Dissolve 10 mg of dexamethasone
sodium phosphate CRS in methanol R and dilute to 10 mL
with the same solvent. Dilute 5 mL of this solution to 10 mL
with reference solution (a).

Plate TLC silica gel FZ54 plateR.
lHobiJe phase glacial acetic acidR, waterR, butanol R
(20:20:60 VIVW).

Application 5 ~L.

Development Over a path of 15 em.

Drying In air.
Detection A Examine in ultraviolet light at 254 om.

Results A The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

Detection B Spray wjth alcoholic solution of sulfuric acidRJ

heat at 120 DC for to min or until the spots appear, and
allow to cool; examine in daylight and in ultraviolet light at
365 run.
Results B The principal spot in the chromatogram obtained
with the test solution is similar in position, colour in daylight,
fluorescence in ultraviolet light at 365 om and size to the
principal spot in the chromatogram obtained with reference
solution (a).

Systemsuitability Reference solution (b):
- the chromatogram shows 2 spots which may, however,

not be completely separated.

D. To 2 mL of sulfuric acid R add about 2 mg and shake 10

dissolve. Within 5 min, an intense red colour develops. When

125-02-0484.4

Action and use
Glucocorticoid.

Preparations
Prednisolone Enema

Prednisolone Gastro-resistanr Tablets

Prednisolone Sodium Phosphate Ear Drops

Prednisolone Soluble Tablets

Prednisolone Sodium Phosphate Oral Solution

o

Retention time Prednisolone acetate e about 3.5 min;
cortisone acetate =about 45 min; prednisolone
plvalate :::; about 13 min.

System suitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

prednisolone acetate and cortisone acetate; if necessary,
adjust the concentration of water in the mobile phase.

Limits:
- any impuniy: for each impurity) not more than the area of

the principal peak in the chromatogram obtained with
reference solution (b) (2.0 per cent}, and not more than
one such peak has an area greater than 0.5 times the area
of the principal peak in the chromatogram obtained with
reference solution (b) (l.0 per cent);

- lota/: not more than 1.25 times the area of me principal
peak in the chromatogram obtained with reference
solution (b) (2.5 per cent);

- disregard limit: 0.025 rimes the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

(Ph. Eur. monograph 0735)

Prednisolone Sodium Phosphate

_____________________ PhE"

STORAGE
Protected from light.

ASSAY
Dissolve 0.1 00 g in ethanol (96 per cenli R and dilute 10

100.0 rnL with the same solvent. Dilute 5.0 mL of this
solution to 250.0 mL with ethanol (96 percent) R. Measure
the absorbance (2.2.25) at the absorption maximum at
243 nm.

Calculate the content of C26H3606 taking the specific
absorbance to be 337.

DEFINITION
II~,17-Dihydroxy-3,20-dioxopregna-I,4-dien-21-yl disodium
phosphate.

www.webofpharma.com
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PhE" _

__________________ PhE"

53-03-2358.4

(Ph. Ellr. monograph 0354)

Action and use
Glucocorticoid.

1 such peak has an area greater than 0.5 times the area of
the principal peak in the chromatogram obtained with
reference solution (b) (1 per cent);

- total: not more than 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (3 per cent);

- disregard limit: 0.025 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.05 per cent).

Inorganic phosphate
Maximum 1 per cent.

Dissolve 50 mg in water R and dilute to 100 mL with the
same solvent. To 10 mL of this solution add 5 mL of
molybdovanadic reagent R, mix, and allow to stand for 5 min.
Any yellow colour in the solution is not more intense than
that in a standard prepared at the same time and in the same
manner using 10 mL of phosphate standard solution (5 ppm
PO,J R.

Water (2.5.12)
Maximum 8.0 per cent, derermlned on 0.200 g.

ASSAY
Dissolve 0.100 g in water R and dilute to 100.0 mL with the
same solvent. Dilute 5.0 mL of this solution to 250.0 mL
with waterR. Measure the absorbance (2.2.25) at the
absorption maximum at 247 nrn.

Calculate the content of C21H21Na20SP taking the specific
absorbance [0 be 312.

STORAGE
Protected from light.

Prednisone

DEFINITION
17,21-Dihydroxypregna-I,4-diene-3,11,20-trione.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solub111ty
Practically insoluble in water, slightlysoluble in ethanol
(96 per cent) and in methylene chloride.

11 shows polymorphism (5.9).

IDENTIFICATION
First identification: A, C.

e2Camined in ultraviolet light at 365 nm, a reddish-brown
fluoreScence is seen. Add this solution to 10 mL of waterR
and mix. The colour fades and there is a greenish-yellow
fll.lorescence in ultraviolet light at 365 om.

E. To about 40 mg add 2 mL of sulfuric acidR and heat
gently until white fumes are evolved. Add nitric acidR
dropwise., continue the heating until the solution is almost
colourless, and cool. Add 2 mL of water R, heat until white
fumes are again evolved, cool, add 10 mL of waterRand
neutralise to redlitmuspaperR with dilute ammonia RI.
The solution gives reaction (a) of sodium (2.3.1) and
teaction (b) of phosphates (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
20 mL with the same solvent.

A.ppearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution B7 (2.2.2, JIIlelhod II).

pH (2. 2. 3)
7.5 to 9.0 for solution S.

Specific optical rotation (2.2.7)
+ 94 to + 100 (anhydrous substance).

Dissolve 0.250 g in water Rand dilute to 25.0 mL with the
same solvent.

Related substances
Liquid cltromatogtaphy (2.2.29).

Test solution Dissolve 62.5 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.
Reference solution (a) Dissolve 25 mg of prednisolone sodium
pho,phaw GRS and 25 mg of prednisolone CRS in the mobile
phase and dilute to 25.0 mL with the mobile phase. Dilute
1.0 mL of this solution to 25.0 mL with the mobile phase.

Referena solution (1)) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase.

Column:
_ size: 1== 0.1501,0 =4.6 mID;
_ ,tationary phase: O<ladecylsilyl silica gelfor chromatograp/ry R

(5 11m).
Mobile phase Into a 250 mL conical flask weigh 1.360 g of
potassium dihydrogen phosphate Rand 0.600 g of hexylamine R,
mix, alloW to stand for 10 min, then dissolve in 185 mL of
waterR; add 65 mL of acetonitrile R, mix, and filter through a
0.45 urn filter.

Flow rate 1 mlJrnin.
Detection Spectrophotometer at 254 run.

EquIlibration With the mobile phase for about 30 min.

Injection \ 20 f1L.
Run time' 3 times the retention time of prednisolone sodium
phosphate.
Retention time Prednisolone sodium phosphate =about
6.5 min;prednisolone = about 8.5 min.
System suiuzbl1ity Reference solution (a):
_ resolurion: minimum 4.5 between the peaks due to

prednisolone sodium phosphate and prednisolone;
if necessary, increase the concentration of acetonitrile R or
uater R in the mobile phase.

Limits:
_ any impun"ty: for each impurity, not more than the area of

the principal peak in the chromatogram obtained with
reference solution (b) (2 per cent), and not more than
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s~lvem mixture, add I mL of reference solution (a) and
dilute to 5 mL with the solvent mixture.

Reference so/~tion (c) Dilute 1.0 mL of test solution (a) to
100.0 mL WIth the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (d) Dissolve 20.0 mg of prednisone CRS in
the solvent mixture and dilute to 25.0 mL with the solvent
mixture. Dilute 5.0 mL of the solution to 20.0 mL with the
solvent mixture.

Column:
- size: I:::: 0.15 m, 0:::: 3.0 nun;
- stationary phase: end-capped ethylene-bridged polar-embedded

actad.xylsilyl silica gelfor chromatography (hybrid material) R
(2.5 urn),

- temperature: 45°C.

Mabile phase:
- mobile phaseA: 0.68 gIL solution ofpotassium dihydrogen

phosphate R, adjusted to pH 2.0 with phosphoric acid R'
- mobile phaseB: acetonitrile for chromatography R; ,

Flow rate 0.6 mUmin.

Detection Spectrophotometer at 244 run.

Injection 5 ilL of test solution (a) and reference
solutions (a), (b) and (c).

I~lificatr·~ 0/ impuruies Use the chromatogram supplied
WIthprednisone for peak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, D and E; use the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity B.

Relativeretention With reference to prednisone (retention
time = about 18 min): impurity B :::: about 1.06;
impurity A = about 1.12; impurity 0 = about 1.6;
impurity E =about 1.9.

System suitability Reference solution (b):
- peak·ta-valley ratio: minimum 2.5, where Hp =height

above the baseline of the peak due to impurity Band
H; :::: height above the baseline of the lowest point of the
curve separating this peak from the peak due to
prednisone.

Calculation of percentage contents:
- for each impurity, use the concentration of prednisone in

reference solution (c).

Limits:
- impuniyA: maximum 0.5 per cent;
- impun·ty E: maximum 0.2 per cent;
- impun·ty D: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 1.0 pet ceo" determined on 0.500 g by drying in
an oven at 105°C.

Second identification: B..D.

A. Infrared absorption spectrophotometry (2.2.N).
Comparison prednisone CRS.

If me spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of acewne R,
evaporate to dryness on a water-bath and record new spectra
using the residues.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution Dissolve 10 mg of prednisone CRS in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Plate TLC silica gel F25.J plate R.
/vlobile phase methanal R, methylene chloride R (10:90 VIV).

Applicatwn 5 ~L.

Development Over 3/4 of the plate.

Dtyinc In air.
Detection Spray with a solution prepared as follows: dissolve
0.25 g of 2,4-dihydroxybenzaldehyde R in glacial acetic acid R,
dilute to 50 mL with the same solvenr and add a mixture of
12.5 mL of sulfuric acid Rand 37.5 mL ofglacial acetic
acid R; heat at 90 °C for 35 min or until the spots appear,
allow to cool and examine in daylight and in ultraviolet light

a' 365 om.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

C. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with [est solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (d).
D. Add about 2 mg to 2 mL of sulfuric acidR and shake to
dissolve. Within 5 min, a yellow colour develops with a blue
fluorescence in ultraviolet light at 365 run. Add this solution
to 10 mL of water R and mix. The colour fades but the blue
fluorescence in ultraviolet light does not disappear.

TESTS
Specific optical rotation (2.2.7)
+ 183 [0 + 191 (dried substance).

Dissolve 0.125 g in ethanol (96 per cenu Rand dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Cony aut the testprotected
from ligh~ Prepare the solutions immediately before use.

Solvent mixture acetonitrile R, water R (50:50 VIV).

Test solution (aJ Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.
Testsolution (b) Dilute 5.0 mL of test solution (a) to
20.0 mL with the solvent mixture.

Reference solution (aJ Dissolve 10 mg ofprednisone
impuritY B CRS in the solvent mixture and dilute to 25 mL
with me solvent mixture. Dilute I mL of the solution to
50 mL with the solvent mixture.

Reference solution (b) Dissolve 4 mg ofprednisone for peak
r"denti!iwt1t»l CRS (containing impurities A, D and E) in the

Tim,
(mln)

0-2

2·25

25·28

28 - 33

33 - 43

Mobile phase A
(per cent JIll?

83
83 --> 80
80 --> 65

65

65 -+ 20

Mobile phase B
(per cent VIP)

t7

17 --> 20

20 --> 35

35

35 -> SO

www.webofpharma.com



11-712 Pregabalin 2022

a

Lilli, 17-dihydroxy-3,20-dioxopregna-I,4-dien-21-yl acetate
(prednisolone acetate).

a

____________________ PIIEIr

K. andrcsta-Lq-diene-B, 11,17-trione,

J. 17a-hydroxy-3,II-dioxoandrosta-I,4-diene-17I\-carboxylic
acid,

a

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injeaion Test solution (b) and reference solution (d).
Calculate thepercentage content of C21H260S taking into
account the assigned content of prednisone CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, D, B.
Other detectable impurities (thefollowing subswnces would, if
present at a sufficient level) be delated by one or other of the tests
in the monograph. They are limited by the gmeral acceptance
criterionfor otherhmspecified impuriues andlor by thegeneral
monograph Subswnces for pharmaceutical use (2034). It is
therefore not n«essary to identify these impurities for
demonstration of compdance. See also 5.10. Control o/impuriries
in substancesforpharmaceutical use) BJ G, F, OJ J, K, L.

a

a

A. 17,21-dihydroxypregn-4-ene-3,11,20-trione (cortisone),
a

a

B. 1111,17,21-trihydroxypregna-I,4-diene-3,20-dione
(prednisolone),

Pregabalin
(Ph. Bur. monograph 2777)

**** ** *
*****

a

C. 17-hydroxy-3, II ,20-trioxopregna-1,4-dien-21-al
(prednisone-21-aldehyde),

Action and use
Antiepileptic.

Preparations
Pregabalin Capsules

Pregabalin Oral Solution

159.2 148553-50-8

D. 17,21-dihydroxypregna-1 ,4,9(11)-triene-3,20-dione
(deltacortinene),

E. I7-hydroxy-3,11 .zo-mosopregna-I ,4-dien-21-yl acetate
(prednisone acetate),

F. unknown structure,

G. unknown structure,

a

PIIEIr _

DEFINlTION
(3S)-3-(Aminomethyl)-5-methylliexanoic acid.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost whitepowder.
Solubility
Sparingly soluble in water, very sUghtly soluble in methanol,
practically insoluble in heptane.

IDENTIFICATION
A. lofrared absorption spectrophotometry (2.2.24).

Comparison pregabalin CRS.

B. Examine the chromatograms obtained in the test for
enantiomeric purity.
Results The principal peak in the chromatogram obtained
with the test solutionis similar in retention timeto the

www.webofpharma.com
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principal peak in the chromatogram obtained with the
reference solution.

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dissolve 20 rng of the substance to be
examined in waler R and dilute to 10.0 mL with the same
solvent. Derivatise the solution as described under
Derivatisation.
Reference solution Dissolve 2 mg ofpregaha/in
impwityB CRS in water R and dilute to 20.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
water R. To 20 mg ofpregabalin CRS, add 1.0 mL of this
solution and dilute to 10.0 mL with water R. Derivatise this
solution as described under Derivatisaticn.

Derivatisation Transfer 500 ~L of the solution to a reaction
vial. Add 500 pL of a 5 gIL solution of I-fluoro-2,4­
Jinitrophenyl-5-L-alaninamid<! R in acetonitrile R. Add 50 t-tL of
an 84 gIL solution of sodium hydrogen carbonate R. Seal the
vial, mix and derivatlse by maintaining the vial at 40 DC for
1 h in a heating/stirring module. Stop the reaction by adding
about 50 pL of a 103 gIL solution of hydrochloric acid R.
Mix thoroughly. To 200 pL of the derivatised solution add
800 ~L of the mobile phase.

Column:
- size: I=; 0.25 m, (2) =; 4.6 mm;
- stationary phase: base-deactiuated end-capped octadecylsilyl

silica gelfor chromarogrophy R (5 pm),
- temperature: .30 DC..

MobIle phase acetonitrile RJ 1 per cent VIV solution of
triethylamine R previously adjusted to pH 3.0 with phosphoric
add R (38:62 VIV).

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 340 om.
Iniecuon 20 ut,

Run time 2.5 times the retention time of the pregabalin
derivative.

Reuuiueretention With reference to the pregabalin derivative
(retention time = about 10 min): impurity B
derivative = about 1.3.

System suitability Reference solution:
- resolution: minimum 4.4 between the peaks due to the

pregabalin derivative and impurity B derivative.

Limit:
- impuniy B: maximum 0.15 per cent.

Related substances
A. Polar impurities eluting before pregabalin. Liquid
chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be .
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference sohuion (a) Dissolve 0.100 g of pregabalirl CRS in
the mobile phase and dilute to 10.0 mL with the mobile
phase.

Reference soluuon (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 5 mg of mandelic add R
(impurity C) in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 0.5 mL of the solution to
5.0 mL with the test solution.

Pregabalin II-713

Column:
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography compatible with 100 percentaqueous
mobile phases R (5 urn),

- temperature: 30 DC.

lHobiJe phase methanol R2, 3.40 gIL solution of potassium
dihydrogen phosphate R previously adjusted to pH 6.3 with
concentrated ammonia R (15:85 VIV).

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 210 om.

Injection 20 J,lL of the test solution and reference
solutions (b) and (c).

Run time 1.3 times the retention time of pregaballn.

Relative retention With reference to pregabalin (retention
time =about 10 min): impurity C =about 0.6.

Systemsuitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

impurity C and pregabalin.

Calculation of percentage contents:
- for each impurity, use the concentration of pregabalin

in reference solution (b).

Limits:
- unspecified impuruies eluting before pregabalin: for each

impurity, maximum 0.10 per cent;
- reporting threshold: 0.05 per cent.

B. Non-polar impurities eluting after pregabalin. Liquid
chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 2.5 mg ofpregabalirl
impurity D CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase (solution A). Dissolve the contents of
a vial of pregabalirl impurity A CRS in the mobile phase. add
1.0 mL of solution A and dilute to 50.0 mL with the mobile
phase.

Co/101m:
- size: 1=0.25 m, (2)=4.6 mm;
- stationary phase: etui-capped oetadlXYlsilyl silica gelfor

chromatography compatible with lOOper centaqueous
mobile phases R (5 urn);

- temperature: 30 DC.

lWobile phase 3.40 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 6.3 with concentrated
ammonia R, methanal R2 (45:55 VIV).

Flowrate 1.0 mUmin.

Detection Spectrophotometer at 210 run.
lnjection 20 pL.

Run time 4 times the retention time of pregabalin.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due [Q

impurities A and D.

Relativeretention With reference [0 pregabaJin (retention
time =about 4 min): impurity A =about 2.4;
impurity D =; about 3.0.

Systemsuitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

impurities A and D.
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PhEur ~ _

DEFINITION
(2RSJ-N-(2-Methylphenyl)-2-(propylamino)propanamide.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.
Solubility
Slightly soluble in water, very soluble in acetone and in
ethaool (96 per cent).

IDENrIFICATION
Infrared absorption spectrophotometry (2.2.24).
Preparation Prepare a film between 2 plates of sodium
chloride R by heating at 40-45 'C until the substance has
melted.
Comparison prilocaine CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodiI).

Dissolve 2.50 g in 15 mL of dilute hydrochloric acidRand
dilute to 50.0 mL with water R.

Related substances
Liquid chromatography (2.2.29). Prepare thesolurions
immediately before use.
Testsolutwn Dissolve 25 mg of the substance to be
examined in the mobilephase and dilute to 10.0 mL with
the mobilephase.
Reference solutien (a) Dissolve 2.5 mg of the substance to be
examined and 3 mg of prikxaine impun·ty E CRS in the
mobile phase and dilute to 100.0 mL with the mobile phase.
Dilute 1.0 mL of the solution to 10.0 mL with the mobile
phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Referena solution (c) Dissolve 33.5 mg of prilocaine
impurity B CRS in the mobile phase aod dilute to 100.0 mL
with the mobile phase. Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase. Dilute 1.0 mLof this
solution to 10.0 mL with the mobile phase.
Reference solution (d) Dissolve 15 mg of pn70caine jor peak
identification CRS (containing impurity G) in the mobile
phaseand dilute to 5.0 mL with the mobile phase.
Column:
- size: 1= 0.15 m, 0 =4.6 mm;

**** ** ** ****

721-50-6220.3

H H-, CH3

CX
N. X ~CH,, I n -~ andenanuomer

~ CH~

(Ph. Eur. monograph 1362)

Prilocaine

Action and use
Localanaesthetic.

000 CH,
I .-:? A andenantiomer

". 0 CH3
H "OH

B. (3R)_3_(aminomethyl)_5_methylhexanoic acid (pregabalin
enantiomer),

OyCo,H and .nan",",.,

H OH

CH3 rNl.
oHCA..···t--J-

a H

C. (2RSJ-2-hydroxy-2-phenylacetic acid (mandelic acid),

D. I-methylethyl (2RSJ-2-hydroxy-2-phenylacetate.
____________________ PhE..

CalculariOll ofpercentage contents:
for impuritiesA and D, use the concentration of each
impurity in reference solution (b)j
for impurities oilier than A and D, use the
concentration of pregabalin in reference solution (a).

Limits:
_ impurity A: maximum 0.15 per cent;
_ unspecified impurities eluting afterpregabalin: for each

im.purity, maximum 0.10 per cent;
_ reporting threshold: 0.05 per cent.

Limit:
_ total for tests A and B: maximum 05 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.130 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in test A for
related substances with the following modification.
Injection Test solution and reference solution (a).
Calculate the percentage content of CSH17N02 taking into
account the assigned content of pregabalin CRS.

LW'URfTIES
Test A for related substances: C.
Test B for related substances: A, D.

Specified impurities A, B.
OtherdeteCtable impurities (thefolWwing substan<es would, if
present at a sufficient level, be.detected by oneor other of the tests
in the monograph. They are limitedby thegeneral acceptance
criterion for otherhmspedfied impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not newsary to identify these impuniie.s for
demonstration of compliance.. See also5.10. Control of impurities
in substances forpharmaceutical use) C, D.

A. (4SJ-4-(2-methylpropyl)pyrrolidin-2-one,
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1786-81-8

, Hel

andenantiomer

256.8

H H., CHJ

CX
N- X ~CH,

I "-~ andenantiomer

~ CH~

rr~0~~CH3yo
CH

3
andenan!iomer

A. (2RS)-2-chloro-N-(2-methylphenyl)propanarnide,

B. 2-methylbenzenamine (o-roluldlne),

cx
~- 'YH~

'" I ".~ CH,
~ - CH~ andenenuomer

c. (2RS)-2-(ethylamino)-N-(2-methylphenyl)propanarnide,

D. (2RS)-N-(3-methylphenyl)-2-(propylamino)propanamide,

E. (2RS)-N-(4-methylphenyl)-2-(propylamino)propanamide,

G. N-(2-methylphenyl)-2-(propylamino)acetarnide.

F. (2RS)-N-phenyl-2-(propylamino)propanarnide,

(Ph. Eur. monograph 1363)

Prilocaine Hydrochloride

____________________ PI>ElI

Action and use
Local anaesthetic.

Preparation
Prilocaine Injection

_ stationary phase: end-capped extra-dense bonded octadecylsilyl
silicagelfor chromatography R (5 urn).

NIobilephase Mix 26 volumes of acetonitrile for
chromatography Rand 74 volumes of a solution prepared as
follows: dissolve 0.180 g of sodium dihydrogen phosphate
monohydrate Rand 2.89 g of disodium hydrogen phosphate
dihydrate R in 1000 mL of waterfor chromatography R.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 240 nm.
[njection 20~.

Run time Twice the retention time of prilocaine.
Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peakdue to
impurity B; use the chromatogram obtainedwith reference
solution (a) to identify the peak due to impurity E; use the
chromatogram obtained with reference solution (d) to
identify the peak due to impurity G.
Relative retention Withreference to prilocaine (retention
time =about 25 min): impurity B =about0.3;
impurity G =about 0.8; impurity E =about 1.2.

System suiuzbility Reference solution (a):
_ resolution: minimum 3.0 between the peaks due to

prilocaine and impurity E.
Lt·mits:
_ impun'ty B: not more than the area of me corresponding

peak in the chromatogram obtained withreference
solution (c) (100 ppm);

_ impun·ty G: not more than 1.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (ti) (0.15 per cent);

_ unspecified impumies: for each impurity, not morethan the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

_ total: not more than twice the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.2 per cent);

_ disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.180 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perch/on·c add, determining the end-point
potentiometrically (2.2.21J).
1 mL of 0.1 M perchloric acid is equivalent to 22.03 mg
of c 13H,oN, O.

IMPURITIES
Spedjied impurilies B, G.
Otherdetectable impurities (the following subsrances would, if
present at a sufficient level, hedetected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cruetion for other/unspecified impun·ties and/or by thegeneral
monograph Subsrances for phannaceutical use (2034). It is
therefore notnecessary to identify these impurities for
demonstration of campliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, C) D, H, F.

www.webofpharma.com



IJ-7 16 Prilocaine Hydrochloride

PhEur

DEFINITION
(2RS) _N-(2-Methylphenyl)-2-(propylamino)propanamide

hydre>cWoride.

Con-a:e n t
99.0 per cent to 101.0 per cent (dried substance).

C~CTERS

Appearance
Whi're or almost white, crystalline powder or colourless

crystals.

Solubility
FreelY soluble in water and in ethanol (96 per cent), very
slighulv soluble in acetone.

IDEl"/TIFICATION
First identificatwll: B, D.

S«ondidemijication: A, C, D.
A. MeIting point (2.1.14): 168 -c to 171 'C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison ptilocaine hydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20.0 mg of the substance to be
examined in ethanol (96 percent) R and dilute to 5 rnL with
the same solvent.
Reference solution (aJ Dissolve 20.0 mg of prilocaine
hydrochloride CRS in ethanol (96 per cenlj R and dilute to

5 mL with the same solvent.
Reference solution (b) Dissolve 20.0 mg of lidocaine
hydrochloride CRS and 20.0 mg of prilocaine hydrochloride CRS
in ethanol (96 per cenlj R and dilute to 5 mL with the same

solvent.
Plate TLC silica gelFm plareR.

klobile phase concentrated ammonia R, methanolR,
J,l-dimethyle!hyl methyl etherR (1:5:100 VIVII').

Application I0 ~L.

Development Over a path of 12 em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitability Reference solution (b):
_ the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference

solution (a).
D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free water R and dilute to
50.0 rnL with the same solvent.

Appearan~e of solution
Solution S IS clear (2.2.1) and colourless (2.2.2, Method 11).

Acidity or alkalinity
Dilute 4 mL of solution S to 10 mL with carbon dioxide-free
water R. Add 0.1 mL of bromocresol green solurion R and
0040 mL of 0.01 i"r sodium hydroxide; the solution is blue.
Add 0.80 mL of 0.01 M hydrochloric acid; the solution is

yellow.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immeJiarely before use.

2022

Test solution Dissolve 30 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution (aJ Dissolve 3 mg of the substance to be
examined and 3 mg of pvdocoine impurity E CRS in the
mobile phase and dilute to 100.0 mL with the mobile phase.
Dilute 1.0 mL of the solution to 10.0 mL with the mobile
phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 30.0 mg of prilocaine
impurity B CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (d) Dissolve IS mgofpn'locainejorpeak
identification CRS (containing impurity G) in the mobile
phase and dilute to 5.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- sunionary phase: end-eapped extra-dense bonded ocladecylsily!

silica gelfor chromatography R (5 um),

Mobilephase Mix 26 volumes of acetonitrile for
chromawgraphy Rand 74 volumes of a solution prepared as
follows: dissolve 0.180 g of sodium dihydrogen phosphate
monohydrate Rand 2.89 g of disodium hydrogen phosphate
dihydrate R in 1000 mL of water for chromatography R.

FkJw rate 1.0 mUmin.

Detection Spectrophotometer at 240 nm.

Injection 20,u..

Run time Twice the retention time of prilocaine.

Identification of impurities Use the chromatogram obtained
with reference solution (c) £0 identify the peak due to
impurity B; use the chromatogram obtained with reference
solution (a) to identify the peak due to impurity E; use the
chromatogram obtained with reference solution (d) to
identitY the peak due to impurity G.

Relative retention With reference to prilocaine (retention
time = about 25 min): impurity B = about 0.3;
impurity G = about 0.8; impurity E = ahout 1.2.

System suitability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

prilocaine and impurity E.

Limits:
- impurityB: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (100 ppm);

- impurity G: not more than 1.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Los. on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.
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2022 Primaquine Phosphate II-717

63-45-6

**** ** ** ****

455.3

(Primaquine Diphosphau, Ph. Bur. monograph 0635)

Primaquine Phosphate

~15H27N309P2

Action and use
Antiprotozoal (malaria).

PhE" _

___________________ I'IIE«

DEFINITION
(4RS)-N' -(6-Methoxyquinolin-8-yl)pentane-1,4-diamine bis
(dihydrogen phosphate).

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Orange, crystalline powder,

Solubility
Soluble in water, practically insoluble in ethanol
(96 per cent).

mp
About 200 DC, with decomposition.

IDENTIFICATION
First identification: B, D,

Second identification: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution (a) Dissolve 15 mg in a 1.03 gILsolution of
hydrochloric acidR and dilute to 100.0 mL with the same
solution,

Testsdution (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with a 1.03lVL solution of hydrochloric acid R.

Spectral range 310-450 nm for test solurion (a); 215-310 nm
for test solution (h).

Absorption maxima At 332 nm and 415 nm for test
solution (a); at 225 nm, 265 run and 282 run for test
solution (h).

Specific absorbance at the absorption maxima:
- at 332 run: 45 to 52 for test solution (a);
- at 415 nm: 27 to 35 for test solution (a);
- at 225 nm: 495 to 515 for test solution (h);
- at 265 nm: 335 to 350 for test solution (h);
- at 282 nm: 330 to 345 for test solution (h).

B. Infrared absorption spectrophotometry (2.2.24).

Examine the substances in discs prepared as follows: dissolve
separately 0.1 g of the substance to be examined and 0.1 g of

G. N-(2-methylphenyi)-2-(propylamino)acetamide.

o: VH~
Pv I ".~ CH,

~ CH? and eoanlklmer

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in a mixture of 5.0 mL of 0.01 i\1
hydrochloric acidand 50 mL of ethanol (96 perCeIlV R. Carry
out a potentiometric titration (2.2.20), using 0.1 frl sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 25.68 mg
of C13H'1 CIN,O.

IMPURITIES
Specified impurities B, G.

Other detectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for otherlunspecified impurities and/or by thegeneral
monograph Substances/or pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances forpharmaceutical use) A) C) D, E, F.

A. (2RS)-2-cWoro-N-(2-methylphenyl)propanamide,

B. 2-methylbenzenamine (o-toluidine),

C. (2RS)-2-(ethylamino)-N-(2-methylphenyl)propanamide,

D. (2RS)-N-(3-methylphenyl)-2-(propylamino)propanamide,

E. (2RS)-N-(4-methylphenyl)-2-(propylamino)propanamide,

F. (2RS)-N-phenyl-2-(propylamino)propanamide,
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B. 6-methoxy-8-nitroquinoline,

A. (4RS)-N'-(6-methoxyquinolin-8-yl)pentane-I,4-diamine
(quinocide),

o
0---> 50

Mobile phase B
(per cent VIJI)

and enanliomer

100

100 ...... 50

Mobile phase A
(per cent VIP)

Time
(min)

0- 15

15 - 40

ASSAY
Dissolve 0.200 g in 40 mL of anhydrous acetic add R, heating
gently. Allow to cool and titrate with 0.1 M perchloric add)
determining the end-point potentiometrically (2.2.20).

I mL of O.I M perchloric acid is equivalent to 22.77 mg
of CI5H27N.309P2.

STORAGE
Protected from light.

IMPURITIES
Otherdete<table impurities (the following subsrances would, if
present at a sufficient level, be detected by oneor otherof 'he tests
in the monograph. They are limitedby tire general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substancesfor pharmaceutical use (2034). It is
there/ore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D.

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 265 nm.
Injection 25 ~L.

Relative retention With reference to primaquine (retention
time e about 13 min): impurity A =about 0.86.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity A and primaquine.

Calculation of percentage contents:
- for each impurity, use the concentration of primaquine

~iphosphate in reference solution (b).

Limits:
- unspecified impurities: for each impurity, maximum

0.1 0 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent) determined on 1.000 g by drying in
an oven at 105°C.

the reference substance in 5 mL of waterR, add 2 mL of
dilute ammonia R2 and 5 mL of methylene chloride RJ then
shake. Dry the methylene chloride layer over 0.5 g of
anhydrous sodium sulfate R. Prepare a blank disc using about
0.3 g of potassium bromide R. Apply dropwise to the disc
0.1 mL of the methylene chloride layer, allowing the
methylene chloride to evaporate between applications.
Dry the disc at 50 'C for 2 min.

Comparison primaquine diphosphate CRS.

C. Thin-layer chromatography (2.2.27). Gany ouraU
operations as rapidly as possible~ protected from light. Prepare the
solutions immediately before use.
Test solution Dissolve 0.20 g of the substance to be
examined in 5 mL of waterR and dilute to 10 rnL with
methanol R. Dilute 1 mL of this solution to 10 mL with a
mixture of equal volumes of methanol Rand waler R.

Reference solutio" Dissolve 20 mg of primaquine
diphosphate CRS in 5 mL of waterR and dilute to 10 mL
with methanol R.

Place TLG,i/ica gelGFm plate R.
Pretreatment Wash the plate with the mobile phase and
allow to dry in air.
Mobile phase concentrated ammonia R) methanol R, methylene
chloride R (1:40:60 VIV/V).

Application 5 flL·
Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om.

Results The principal spot. in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

D. Dissolve 50 mg in 5 mL of water R. Add 2 mL of duute
sodium hydroxide solution R and shake with 2 quantities) each
of 5 rnL, of methylene chloride R. The aqueous layer) acidified
by addition of niuicacid R, gives reaction (b) of phosphates
(2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

T"t solution Use a freshlY prepared solution. Dissolve 25.0 mg
of the substance to be examined in mobile phase A, using
sonication if necessary, and dilute to 50.0 mL with mobile
phase A.
Reference solution (a) Dissolve 5 mg of primaquine for system
suitabiJ'iy GRS (containing impurity A) in mobile phase A
and dilute (0 10 mL with mobile phase A.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Golumn:
_ size: 1= 0.15 m, (2) ;;;; 4.6 mmj
_ stationary phase: end-capped octylsl1yl silica gelfor

chromarography with embeddedpolar groups R (5 urn);
_ temperature: 25 QC.

Mobile phase:
_ mobile phaseA: mjfuoroaatk acid R, tetrahydrofuran R,

auumitri!e R, water for chromalOgraphy R
(0.1/1/9/90 VIVIV/V);

_ mobile phaseB: acetonitrile R;

C. 6-methoxyquinolin-8-amine,
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2022 Primidone II-719

and enantiomer

D. 2- [(4RSJ-4-[(6-methoxyquinolin-8-yl)amino]pentyl]-IH­
isoindole-I,3(2H}-dione.

Mobilephase:
- mobile phase A: 1.36 gIL solution of potassium dihydrogen

phosphate R;
- mobile phaseB: methanol R2i

Tim. Mobile phase A i\lobile phase B
(min) (per cent VM (per cent YIJ')

0- I 15 25

1-6 75 -;0 40 25 ---. 60

6-8 40 60

PhEII _

_____________________ Phfur

L'\o1PURITIES
Otherdetectable i",purities (the following substances uxndd, if
present at a suffidem level, bedetected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cruerum for other/unspecified impun'ties and/or by the general
monograph SubstaNces for phannaceutical use (2034). Ir is
there/ore not necessary to idenlifythese ,~mpuniies for
demonstration 0/compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D, E, F.

~
o NH,

H,C
NH,

f , a

FlO'W rate 3.2 mUmin.

Detection Spectrophotometer at 215 nm.

Injection 10 ~L.

Identification of impurities Use me chromatogram supplied
with ptimidone for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B and C.

Relativeretention With reference to primidone (retention
time = about 2.2 min): impurity B = about l.4i
impurity C = about 1.6.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurities B and C.

Calculation of percentage amCt!nts:
- for each impurity, use the concentration of primidone in

reference solution (a).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 60.0 mg with heating in 70 mL of ethanol
(96 percenO R, cool and dilute to 100.0 mL with the same
solvent. Prepare a reference solution in the same manner
using 60.0 mg of primidone CRS. .Measure the absorbance
(2.2.25) of the 2 solutions at the absorption maximum at
257 om.

Calculate the content of CI2Hlo1N202 from the absorbances
measured and the concentrations of the solutions.

A. 2-ethyl-2-phenylpropanediamide
(ethylphenylmalonamide),

**** ** ** ****

125-33-7218.3

Action and use
Antiepileptic.

Preparations
Primidone Oral Suspension

Primidone Tablets

(Ph. Bur. monograph 0584)

Primidone

DEFINITION
5-Ethyl-5-phenyl-I,3-diazinane-4,6-dione.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent). It dissolves in alkaline solutions.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison ptimidoneCRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in methanolR and dilute to 50.0 mL with the same
solvent.
Reference sduuon (a) Dilute 1.0 mL of the test solution to
100.0 mL with me/hanoiR. Dilute 1.0 mL of this solution to
10.0 mL with me/hanoiR.
Reference solution (b) Dissolve 5 mg of primidone fur system
suitability CRS (containing impurities B and C) in methanol R
and dilute to 5 mL with me same solvent.

Column:
_ size: 1= 0.10 m, f2J = 4.6 mm;
_ stolionary phase: end-capped mlmolithic ocladtcylsilyl silica gel

for chromatography R (2 urn).
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CHARACTERS
Appearance
\Vhite or almost white, crystalline powder or small crystals.

Solubility
Practically insoluble in water, soluble in acetone, sparingly
soluble in anhydrous ethanol.

IDENTIFICATION
First identification: A, C.
Secondidentification: A, B, D.
A. Melting point (2.2.14): 197 'C to 202 'C.

R. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 20 rngin a mixture of 1 volume of
0.1 1"1 hydrochloric acidand 9 volumes of ethanol
(96 percenV R and dilute to 100.0 mL with the same
mixture of solvents. Dilute 5.0 mL of the solution to
100.0 mL with a mixture of I volume of 0.1 M hydrochloric
acid and 9 volumes of ethanol (96 percenV R.
Spectral range 220-350 am.

Absorption maxima At 223 nm and 248 om.

Specific absorbance at the absorption maximum at 248 nm
310 to 350.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison probenecid CRS.

D. Dissolve0.2 g in the smallest necessary quantity of dilute
ammonia R2 (about 0.6 mL). Add 3 mL of silver nitrate
solution R2. A white precipitate is formed which dissolves in
an excess of ammonia.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not moreintensely coloured
than reference solution Y6 (2.2.2, lvfethod Tl).
Dissolve 1.0 g in 1 M sodium hydroxide and dilute to 10 mL
with the samesolvent.

Acidity
To 2.0 g add 100 mL of water R and heat on a water-bath
for 30 min, Make up to the original volume with waterR,
allowto cool to room temperature and filter. To 50 mL of
the filtrate add 0.1 mL of phenolphthalein solurion R.
Not more than 0.5 mL of 0.1 M sodium hydroxide is required
to change the colourof the indicator.

Related substances
Liquid chromatography (2.2.29).

Solution A Mix 1 volumeof glacial auric add R and
100 volumes of acetonitrile R.
Solution B Mix 1 volume of glacial acetic acidRand
100 volumes of a 6.9 gIL solution of sodium dihydrogen
phosphace monohydrace R in waterfor chromatography Rand
adjust to pH 3.0 with diluce phosphori< acid R.

Tesl solution Dissolve25 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Reference solurion (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solurion (b) Dissolve 5 mg of porassium
4-suifobenzoace R (impurity A) in the mobile phase and dilute
10 50.0 mL with the mobile phase. Dilute 1.0 mL of the
solution to 10.0 mL with the mobile phase. Dilute 1.0 mL of
this solution [Q J0.0 mL with the test solution.

57-66-9

andenanliomer

and enanliomer

andenanliomer

andenantiomer

285.4

Action and use
Uricosuric drug.

Preparation
probenecid Tablets

Probenecid

PhE" __----------------

DEFINITION
4_(DipropylsuIfamoyl)benzoic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

F. 5-ethyl-5-phenyl-2-[(IRS)-I-phenylpropyl]-I ,3-diazinane­

4,6-dione.

~
o ~""o

H3C I
NH

f " 0

___----------------PhE"

D. (2RS)_2_cyano-2-phenylbutanamide,

E. (2RS)_2_phenylbutanoic ,acid,

C. (2RS)-2-phenylbulanamide,

B. 5_emyl-5-phenyl-I,3-diazinane-2,4,6-trione
(phenobarbilal),

HoC H

jyNH'

0 0
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POE" _

**** ** ** ****

614-39-1

. Hel

271.8

Action and use
ClassI antiarrhythmic.

Preparations
Procainamide Injection
Procainamide Tablets

(ph. Bur. monograph 0567)

Procainamide Hydrochloride

CHARACfERS
A whiteor very slightly yellow,. crystalline powder,.
hygroscopic, very soluble in water, freely soluble in alcohol,
slightly soluble in acetone.

IDENTIFICATION
First identification: C, D.
Second identification: A, B, D, E.
A. Melting point (2.2.14): 166 -c to 170 'C.

B. Dissolve 10.0 mg in 0.1 M sodium hydroxide and dilute to
100.0 mL with the same solvent. Dilute 10.0 mL of the
solution to 100.0 mL with 0.1 111 sodium hydroxide. Examined
between 220 nm and 350 nm (2.2.25),. the solution shows an
absorption maximum at 273 nm. The specific absorbance at
the maximum is 580 to 610.

C. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with me spectrum obtainedwith
procainamide hydrochloride CRS.

D. Dilute I mL of solution S to 5 mL with water R.
The solution givesreaction (a) of chlorides (2.3.1).
E. Dilute I mL of solution S (see Tests) to 2 mL with
waterR. 1 mL of this solutiongives the reaction of primary
aromatic amines (2.3.1).

DEFINITION
Procainamide hydrochloride contains not less than
98.0 per cent and not more than the equivalent of
101.0 per cent of 4-amino-N-[2-(diethylamino)ethyl]
benzamide hydrochloride, calculated with reference to the
dried substance.

_____________________ POE"

C.4-(dipropylsulfamoyl)-N,N-dipropylbenzamide,

o

",C] ~O""--"'C"'
HC~N...sN

3 I, "
o 0

D. ethyI4-(dipropylsulfamoyl)benzoate.

Column:
- size: I =0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped phenylsiJ)'l silica gelfor

chromatography R (5 urn).

Mobile phase Solution A, solution B (50:50 VIV).

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 240 nm.

Injection 20 IJL.
Run lime 4 times the retention time of probenecid.

ldentification of impun"ties Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.

Relative retention \'(o'ith reference to probenecid (retention
time = about 7 min): impurity A = about 0.3.

SYSUttl suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity A and probenecid.
Calculation of percentage contents:
- correction factor: multiply the peakarea of impurity A

by 0.4;
- for each impurity, use the concentration of probenecid in

reference solution (a).

Limits:
- impurity A: maximum 0.15 per cent,
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4. 14)
Maximum 0.1 per cent, detennined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of ethanol (96 per cenlj R, shaking
and heating slighrly if necessary. Titrate with 0.1 M sodium
hydroxide, determining the end-point potentiometrically
(2,2.20).

1 mL of 0.1 M sodium hydroxide is equivalent to 28.54 mg of
C 13H19NO. S.

IMPURITIES
Specified impurities A.
Otherdeuaable impurities (thefollcwing substances would,. if
present at a sufficient leve/,. be detected by oneor other of the tests

in the monograph. They are limited by the general acceptance
criterion for otherhmspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary eo identify these impumies for
demonstration of compliance. See also 5.10. Control of impurities
in subsumces for pharmaceutical use) B,. C,. D.

!""yCO,"
"o,s~

A. 4-sulfobenzoic acid,

B. 4-methyl-N,.N-dipropylbenzenesulfonamide,
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___________~ PhE"

DEFINITION
2-(Diethylamino)ethyl 4-aminobeozoate (2S,5R,6R)-3,3­
dimethyl-7-oxo-6-[(phenylacetyl),mino]-4-thia-l-azabicyclo
[3.2.0]heptaoe-2-carboxylic acid monohydrate.

Salt obtained from Benzylpenicillin sodium (0114) or
Bmzylpeni<alitl potassium (0113) produced by the growth of
certain strains of Penicillium notatum or related micro­
organisms.

Content
- procaine benzylpt!1licillin: 96.0 per cent to 102.0 per cent

(anhydrous substance) without correction for dispersing or
suspending agents;

- procaine (C13H2oN202; M[ 236.3): 39.0 per cent to
42.0 per cent (anhydrous substance).

Dispersing or suspending agents (for example, lecithin and
polysorbate 80) may be added.

CHARACfERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

Solubility
Slightly soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A.
Second identification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison procaine benzylpenicillill CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in 5 mL of acelOne R.
Reference solution Dissolve 25 mg of procaine
benzy/pelli<alill CRS in 5 mL of acetolle R.

Plate TLC silanised silica gelplate R.
Mobile phase Mix 30 volwnes of acetone Rand 70 volumes
of a 154 gIL solution of ammonium actUate R previously
adjusted to pH 7.0 with ammonia R.
Applicatioll I ~L.

Development Over 2/3 of the plate.

Drying In air.
Detection Expose to iodine vapour until the spots appear
and examine in daylight.

System suitability Reference solution:
- the chromatogram shows 2 clearly separated spots.

Results The 2 principal spots in the chromatogram obtained
with the test solution are similar in position, colour and size
to the 2 principal spots in the chromatogram obtained with
the reference solution.

C. Place about 2 mg in a test-tube about J50 mm long and
15 mm in diameter. Moisten with 0.05 mL of water Rand
add 2 mL of ,ulfuricacid-formaldehyde reagent R. Mix the
contents of the tube by swirling; the solution is practically
colourless. Place the test-tube on a water-bath for 1 min;
a reddish-brown colour develops.

D. Dissolve 0.1 gin 2 mL of dilute hydrochloric acid R.
The solution, which may be turbid, gives the reaction of
primary aromatic amines (2.3.1).

PhEIK _

6130-64-9588.7c"HJ8N.O.S,H20

Action and use
Penicillin antibacterial.

Preparation
procaine Benzylpenicillin Injection

0Qol CH, 0 H~.Co,H

"""" l..) \-~... CH3

I ; .()r~--t-t-s CH,· H,O

"'" H,C I H H
NH

2
~ 0

Benzylpenicillin (Procaine)
Monohydrate
(Ph. Bur. monograph 0115)

"TESTS
SolutionS
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
25 rrxL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
chan reference solution B6 (2.2.2, Method If).

pH (2.2.3)
The pH of solution S is 5.6 to 6.3.

Felat:ed substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GFZ54 R as the coating substance.

Test solution Dissolve 0.10 g of the substance to be
examined in alcohol R and dilute to 10 mL with the same
solvent.
Reference solution Dilute 1 mL of the test solution to
200 mL with alcohol R.

Apply to the plate 5 J.lL of each solution. Develop over a
path of 12 em using a mixture of 15 volumes ofglacial acetic
acid R, 30 volumes of water Rand 60 volumes of butanol R.
Place the plate in a stream of cold air untillhe plate appears
dry. Examine in ultraviolet light at 254 om. Any spot in the
chromatogram obtained with the test solution, apart from the
principal spot, is not more intense than the spot in the
chroma£Ogram obtained with the reference solution
(0.5 per cent).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drYing in an oven at 105°C.

sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.2500 g in 50 mL of dilute hydrochloric acid R.
Carry out the determination of primary aromatic amino­
nitrogen (2.5.8).
1 mL of 0.1 M sodium nltrite is equivalent to 27.18 mg of
C13H 2 2CIN,O.

STORAGE
Store in an airtight container, protected from light.
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-rESTS
pH (2.2.3)
5.0 to 7.5.

Dissolve 50 mg in carbon dioxide-free waterR and dilute to
1 5 mL with the same solvent Shake until dissolution is
complete.

N-elated substances
Liquid chromatography (2.2.29). Prepare the test solutions
immediately before use.

Solvent mixture methanol R, waterR (50:50 VIV).
Test solution (a) Dissolve 50.0 mg of the substance to be
e:samined in 25 mL of methanol R and dilute to 50.0 mL
w-ith water R.
Test solution (b) Dissolve 0.100 g of the substance to be
e~amined in 10 mL of methanolRand dilute to 20.0 mL
with water R,
Reference solution (a) Dissolve 50.0 mg ofprocaine
benzylpenicl1lin CRS in 25 mL of methanol R and dilute to
50.0 mL with water R.

Reference solution (b) Dissolve 12.0 mg of 4-aminobenzoic
acid R (impurity A) in waterR and dilute to 100.0 mL with
me same solvent. Dilute 1.0 mL of the solution to 100.0 mL
with VJat~rR.

Reference solution (c) Dissolve 10 mg of procaine
benzylpenicillin for peak identification A GRS (containing
impurities B, C, D, E, G, H, I and D in 1 mL of methanol R
and add 1 mL of water R.
Reference solution (d) Dissolve the contents of a vial of
procaine benzy/penkiJlin i'!'purity F CRS in 1 mL of reference
solution (c).

Reference solution (e) Dilute 1.0 mL of reference solution (a)
[0 20.0 mL with the solvent mixture.

Reference solution (f) Dilute 1.0 mL of reference solution (e)
to 20.0 mL with the solvent mixture.

Column:
_ size: 1= 0.15 m, 0 = 4.6 mm;
_ sto.onary phase: end-capped octad.xylsilyl silica gelfor

chramawgraphy R (3 urn);
_ temperature: 50 °C.

Mobile phase:
_ mobile phaseA: mix 10 volumes of a 68/!/L solution of

parassium dihydrogen phosphate R adjusted to pH 3.4 with a
500 gIL solution of phosphoric acidR, 30 volumes of
melhanol RJ and 60 volumes of waterfor
chromatography R;

_ mobilephaseB: mix 10 volumes of a 68 /!/L solution of
potassium dihydragen phosphate R adjusted to pH 3.4 with a
500 gIL solution of phosphoric acidR, 35 volumes of water
for chromawgraphy Rand 55 volumes of methanol Rl;

Time M.obile phase A Mobile phase B
(min) (per cent JlIJi) (per cent JlIJi)

O· 7 70 '0
7 - 17 70 ..... a 30 -> 100

17 - 22 0 100

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 225 am.

Injectwn 20 ~L of test solution (b) and reference
solutions (b), (d), (e) and (/).

Identification of impurities Use me chromatogram obtained
with reference solution (b) to identify the peak due to
impuritY Ai use the chromatogram supplied with procaine

Benzylpenicillin (Procaine) Monohydrate II-723

benzylpenicillin for peak identification A CRS and the
chromatogram obtained with reference solution (d) to
identify the peaks due to impurities B, C, D) E) F, G, H, I
and].

Relative retention With reference to benzylpenicillin
(retention time =about 7 min): procaine =about 0.19i
impurity A = about 0.22; impurity D = about 0.33;
impurity F =about 0.35; impurity B =about 0.48 and 0.55;
impurity E =about 0.62; impurity C =about 0.81 and 0.83;
impurity I = about 0.93; impurity G = about 1.47;
impurity H = about 1.90; impurity J = about 2.37.

System suitability:
- resolution: minimum 1.0 between the peaks due to the

epimers of impurity C and minimum 1.2 between the
peaks due to impurities D and F in the chromatogram
obtained with reference solution (d);

- signal-to-noise ratio: minimum 10 for the peak due to
benzylpenicillin in the chromatogram obtained with
reference solution (f).

Calculation of percentage contents:
- correction factor. multiply the peak area of impurity D by

0.4;
- for impurity A, use the concentration of impurity A in

reference solution (b);
- for impurities other than A, use the concentration of

procaine benzylpenicillin monohydrate in reference
solution (e) taking into account me area of the peak due
to benzylpenicillin in the chromatogram obtained with
reference solution (e).

Limits:
- impurities F, 0, H, I J J: for each impurity, maximum

0.5 per cent;
- impurities B (sum of isomen), C (sum of epimers): for each

impurity, maximum 0.4 per cent,
- impurities E, D: for each impurity) maximum 0.2 per cent;
- impun"ty A: maximum 0.024 per cent;
- a'tVotherimpuniy: for each impurity, maximum

0.2 per cent;
- total: maximum 2.0 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due to

procaine.

Water (2.5.12)
2.8 per cent to 4.2 per cent, determined on 0.300 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

MoMe phase Mobile pbase B, mobile phase A (30:70 VIV).
Injection 10 ilL of test solution (a) and reference
solution (a).

Run time 3 times the retention time of benzylpenicillin.

Calculate the percentage content of procaine (Cl~2oN202)

taking into account the area of the peak due to procaine and
the assigned content of procaine (C.:J1i2oN"202) in procaine
benzylpenidllin GRS.
Calculate the percentage content of procaine benzylpenicillin
(C29H38N,,06S) taking into account the area of me peak due
to benzylpenicillin and the assigned content of procaine
benzylpenicillin (C"H"N,O.S) in procaine
benzylpenidl/in GRS.

STORAGE
In an airtight container. If the substance is sterile, the
container is also sterile and tamper-evident.

www.webofpharma.com
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IMPURITIES
specified impurities A, B, C, D, E, P, G, H, I, J.

A. 4_aminobenzoic acid,

2022

H. (2S,5R,6R)-6-hexanamido-3,3-<limethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]heptane-2-<:arboxylic acid
(dihydropenicillin F),

1. unknown structure,

J. unknown structure.
____________________ PhEw

B. (23,4S)-2-[(3)-carboxy(2-phenylacetamido)methylj-5,5­
diInethyl-l,3-thiazolidine-4-carboxylic acid (penicilloic
acids of benzylpenicillin),

Procaine Hydrochloride
(ph. Eur. monograph0050)

andepimerat C'

C. (2RS,4S)-5,5-dimethyl-2-[(2-phenylacetamido)methylj­
1,3-thiazolidine-4-carboxylic acid (peniUoic acids of
benzylpeniciUin),

Action and use
Local anaesthetic.

272.8 5/-05-8

D. (3S,7R,7aR)-5-benzyl-2,2-dimethyl-2,3,7,7a­
tetrabydroimidaw [5, I-b] [I ,3j thiazole-3,7-dicarboxylic acid
(penillic acid of benzylpenicillin),

()~H

E. phenylacetic acid,

o H~.~H
N CH3

Ol'~-#s CH,
I H H

HO """""- 0

F. (2S,5R,6R)-6-[2-(4-hydroxyphenyl)acetamidoj-3,3­
dimethyl-7-oxo-4-thia-I-azabicyclo[3.2.OJ heptane-2­
carboxylic acid,

G. (2S,5R,6R)-6-[(3Z)-hex-3-enamido]-3,3-dimethyl-7-oxo­
4_thia-I-azabicyclo[3.2.0]heptane-2-carboxylic acid (iso­
penicillin F),

PhEw _

DEFINITION
Procaine hydrochloride containsnot less than 99.0 per Cent
and not more than the equivalent of 101.0 per cent of
2-(diethylamino)ethyI4-aminobenzoate hydrochloride,
calculated withreference to the dried substance.

CHARACTERS
A while or almostwhite, crystalline powderor colourless
crystals, verysoluble in water, soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B, E.
Second idemificosion: A, C, D$E, F.
A. Melting point (2.2.14): 154°C to 158 0c.
B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtainedwithprocaine
hydrochk"ide CRS.
C. To about 5 mg add 0.5 mL ofjuming nim'c acid R.
Evaporate to dryness on a water-bath, allow to cool and
dissolve the residue in 5 mLof acetone R. Add 1 mL of
0.1 M alcoholic potassium hydroxide. Only a brownish-red
colour develops.
D. To 0.2 mL of solution S (see Tests) add 2 mL of waterR
and 0.5 mL of elilu"sulfuric acidR and shake. Add 1 mL of a
1 gIL solution of potassium pennanganate R. The colour is
immediately discharged.

E.!' gives reaction (a) of chlorides (2.3.1).

F. Dilute 1 mL of solution S to 100 mL with waterR. 2 mL
of this solutiongives the reaction of primary aromatic amines
(2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to

50 mL with the same solvent.
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______________________ Ph Ell

PhEII ---------------------

DEFINITION
2-Chloro-l0-[3-(4-methylpiperazin-I-yl)propyI)-1OH­
phenothiazine bis[hydrogen (2Z)-but-2-enedioate].

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodIf).

pB (2.2.3)
Dilute 4 mL of solution S to 10 mL with carbon dioxide-free
wacer R. The pH of the solution is 5.0 to 6.5.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GFZ54 R as the coating substance.

Test solution Dissolve 1.0 g of the substance to be examined
in water R and dilute to 10 mL with the same solvent.

Reference solution Dissolve 50 mg of 4-aminobmzmc acid R in
water R and dilute to 100 mL with the same solvent. Dilute
1 IYlL of the solution to 10 mL with water R.
Apply separately to the plate 5 J.lL of each solution. Develop
over a path of 10 em using a mixture of 4 volumesof glacial
acetic acid RJ 16 volumes of hexane Rand 80 volumes of
diburyl ether R. Dry the plate at 100"C to 105 "C for 10 min
and examine in ultraviolet light at 254 om. Any spot in the
chromatogram obtained with the test solution" apart from the
principal spot" is not more intense than the spot in the
chromatogram obtained with the reference solution
(0.05 per cent). The principal spot in the chromatogram
obtained with the test solution remains on the point of
application.

LosS on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.00 g by drying
in an oven at 105 "C.

sulCated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 mL of dilute hydrochloric add R. Carry
out the determination of primary aromatic amino nitrogen
(2.5.8).
1 mL of 0.1 M sodium nitrite is equivalent to 27.28 mg of
C13H21C1N202.

STORAGE
Store protected from light.

Content
98.0 per cent to 101.0 per cent (dried substance),

CHARACTERS
Appearance
White or pale-yellow, crystalline powder.

Solubility
Very slightly soluble in water and in ethanol (96 per cent).

IDENTIFICATION
First identification: A, B.

Second idemification: B.
A. Infrared absorption spectrophotomerry (2.2.24).

Comparison prochlorperazine maleate CRS.

B. Identification of phenothiazines by thin-layer
chromatography (2.3.3) with the following modificatioos.

Testsolution Dissolve 20 mg of the substance to be
examined in a mixture of equal volumes of methanol Rand
methylene chloride R, and dilute to 20 mL with the same
mixture of solvents.

Reference solution Dissolve 20 mg of prochlorperazine
maleate CRS in a mixture of equal volumes of methanol Rand
methylene chloride R, and dilute to 20 mL with the same
mixture of solvents.

ApplicatWn 4 ~L

TESTS
pH (2.2.3)
3.0 to 4.0 for a freshly prepared saturated solution in carbon
dioxide-free waterR.

Related substances
Liquid chromatography (2.2.29). Prepare ,he solmions
immediauly before use and protect from light.

Buffer solution Dissolve 0.96 g of ammonium carlxmate R in
about 800 mL of waterfor chromatography R. Adjust to
pH 10.0 with concentrated ammonia R and dilute to 1000 mL
with waterfor chromawgraphy R.
Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of me test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with me mobile phase.

Reference so/mom (b) Dissolve 5 mg of prochlorperazine for
system suitability CRS (containing impurities B and D) in the
mobile phase and dilute to 25 mL with the mobile phase.

Column:
- size: 1= 0.15 ID, 0 ;;;; 3.0 rnm;
- stationary phase; end-eapped propyl-2-phenylsilyl amorphous

organosilica polymer R (3.5 pm);
- temperature: 40 "C.

Mobile phase tetrahydrojuran R, methanol R, buffer solution
(15:33:52VIV/II).'

Flow rate 0.4 mllmin.

Detection Spectrophotometer at 252 om.
Injection 10 JIL.
Run time 1.5 times the retention time of prochlorperazine.

Identification of impurities Use the chromatogram supplied
with prochkwpemzine for system suitabIlity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B and D.

Relative retention _With reference to prochlorperazine
(retention time ;;;; about 24 min): maleic acid e about 0.06;
impurity B =about 0.56; impurity D =about 1.11.

84-02-6

**** ** ** •
***

. [(
C02"]

CO:zH 2

606

(Ph. Bur. monograph 0244)

U1
YN~Nls'Q ~N,I C",

"" CI

prochlorperazine Maleate

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparations
Prochlorperazine Tablets

Prochlorperazine Buccal Tablets
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D.' 2-chloro-lOH-phenothiazine.
____________________ PhE"

5132-55-8566.2

r>
YN~NlSOl ~NMe ,CH3S03·

"" CI

CzoH,.CIN,S,2CHtSO,

Action and use
Dopamine receptor antagonist, neuroleptic.

Preparations
Prochlorperezine Injection

Procblorperazine Oral Solution

Prochlorperazine Mesilate

("I

Y~
U C1

DEFINITION
Prochlorperezine Mesilate is 2-chloro-lO-[3-(4­
methylpiperazin-l-yl)propYIlphenothiazine di
(methanesulfonate). 1£ contains not less than 98.0% and not
more than 101.0% of C:.oH"CIN,S,2CHtSO" calculated
with reference to the dried substance.

PRODUCTION
Risk assessment should be used to evaluate the potential for
genotoxic methanesulfonate esters to be formed in the
presence of low molecular weight alcohols. ITa risk of
methanesulfonate ester formation is identified through risk
assessment, these impurities should not exceed the threshold
of toxicological concern.

CHARACTERISTICS
A white or almost white powder.

Very soluble in water, sparingly soluble in ethanol (96%);
practically insoluble in ether.

IDENTIFICATION
A. The infra~absorption spectrum, Appendix ITA, is
concordant WIth the reference spectrum of procWorperazine
mesilarc (RS 290).

B. Dissolve 5 mg in 2 mL of su/furi<: acidand allow to stand
for 5 minutes. A red colour is produced.

C. 4-cWoro-lO-[3-(4-methylpiperazin-l-yl)propylj-lOH­
phenothiazine,

B. 10- [3-(-l-methyipiperazin-l-yljprcpylj-I OH-phenothiazine,

Sysz:ern SUitabl7ity Reference solution (b):
_ peak-w-val/ey ratio: minimum 3.0, where Hp = height

above the baseline of the peak due to impurity D and
H v = height above the baseline of the lowest point of the
eu-rve separating this peak from the peak due to
procWorperazine.

Caleulatian of percentage contents:
_ for each impurity, use the concentration of

prochlorperazine maleate in reference solution (a).

Limits:
impurity B: maximum 0.3 per cent;
unspecified impurities: for each impurity, maximum
0.10 per cent;
total: maximum 0.5 per cent;
reporting threshold: 0.05 per cent; disregard the peak due to
:maleic acid.

Loess on drying (2.2.32)
Ma><iInum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

sulfa.,ed ash (2.4.14)
lVlwdInum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g of the powdered substance to be examined
in 50 .mL of anhydrous aatic acidR, warming on a water­
bath. Allow to cool to room temperature. Titrate with 0.1 "'1
perchloric acid, determining the end-point potentiometrically

(2.2. 2 0).
1 mL of 0.1 M perchiotic acid, is equivalent to 30.31 mg of

C2 8fh2
CIN, O. S.

STORAGE
protected from light.

IMPURITIES
Specified impurities B.
Other detectable imprmiies (the/oIlowing substances would, .f
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They are limitedby the general acceptana
criterion for otherlunspedfied impurities andlor by the general
monograph Subsrances for pharmaceutical use (2034). It is
therefore not neassary to identifythese impuritksfor
demonstration ofcompliana. See also 5.10. Control a/impurities
in substances for pharmaceutical use) A, C) D.

A. 2_ch1oro-l 0-[3-(4-methylpipera2in-l-yl)propyl]-51.·-
phenothiazin-5(10H)-one) ~,I

www.webofpharma.com
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Procyclidine Hydrochloride

DEFINlTION
Procyclidine Hydrochloride is (RSJ-I-cyclohexyl-l-phenyl-3­
pyrrolidin-l-yipropan-iol hydrocWoride. It contains not less
than 99.0% and not more than 101.0% of C 19H29NO,HCI,
calculated with reference to the dried substance.

CHARACTERISTICS
A white, crystalline powder.

Sparingly soluble in water, soluble in ethanol (96%);
practically insoluble in aatone and in ether.

IDENTIFICATION
A. The infrared absorption spectrum) Appendix n A) is
concordant with the reference spectrum of procyclidine
hydrochloride (RS 292).

TESTS
AddUy
pH of a 2% wlv solution, 2.0 to 3.0, Appendix V L.

Related substances
Complies with the (est for related substanus in phenothiazines,
Appendix III A, using mobile phaseA and dissolving the
substance being examined in methanol containing 0.5% v/v of
135M ammonia.

Loss on drying
When dried to constant weight at 100° at a pressure not
exceeding 0.7 kPa, loses not more than 1.0% of its weight.
Use 1 g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 0.8 g in 10 mL of water, add 5 mL of JM sodium
hydroxide and extract by shaking with successive quantities of
50, 25, 25 and 25 mL of ether. Wash the combined ether
extracts with 5 rnL of water, shake the washings with 5 mL
of ether, add the ether to the combined ether extracts and
evaporate to dryness. Add 2 mL of absolute ethanol to the
residue, evaporate (0 dryness and carry out Method I for
non-aqueous titration, Appendix VIII A, using
I-naphtholbenzein solution as indicator. Each mL of O.lM
perchloric acid VS is equivalent to 28.31 mg of
C2oH2. CIN,S,2CH.SO,.

STORAGE
prochlorperazine MesiJate should be protected from light.

B. DissolVe 0.25 g in 10 mL of water, make alkaline with
5Alammonia and extract with three IO-mL quantities of ether.
Dry the combined extracts over anhydrous sodium sulfate)
filter, evaporate the ether and scratch the residue with a glass
rod to induce solidification. The melting poinc of the residue is
about 85°, Appendix V A.

C. Yields the reactions characteristic of chlorides)
Appendix VI.

TESTS
Acidity
pH of a 1% wlvsolution, 4.5 to 6.5, Appendix V L.

Related substances
A. Carry out the method for thin-layer chromatography,
Appendix III A, using the following solutions in chloroform.

(1) 2.0% wlvof the substance being examined.

(2) 0.0040% wrv of I-phenyl-3-pyrrolidinapropan-l-one
hydrochloride BPCRS.

(3) 0.010% wlv of the substance being examined.

CHROt\lATOGRAPHIC CONDITIONS

(a)' Use as the coating silica gelF2 54 .

(b) Use the mobile phase as described below.

(c) Apply 5 ~L of each solution.

(d) Develop the plate to 15 ern,

(e) Mer removal of the plate, dry it at 105° for 15 minutes
and examine under ultraviolellighl (254 nm). Spray the plate
with dilute potassium iodobismuthate solurion and examine.

MOBILE PHASE

1 volwne of 135M ammonia and 100 volumesof ether.

LIMITS

When examined under UV light:

any spot corresponding to I-phenyl-3-pyrrolidinopropan-I­
one in the chromatogram obtained with solution (1) is not
more intense than the spot in the chromatogram obtained
with solution (2) (0.2%).

When examined after spraying:

any other secondary spot in the chromatogram obtained with
solution (1) is not more intense than the spot in the
chromatogram obtained with solution (3) (0.5%).

B. Carry out the method for gas chromatography,
Appendix III B. Use a solution containing 0.06% wlv of
triphenylethylene in etheras the internal standard.

(I) Add 5 mL of 1.25M sodium hydroxide to 20 mL of a
0.50% w/v solution of the substance being examined and
mix. Extract with two 20-mL quantities of ether, add to the
combined extracts 5 mL of the internal standard, shake with
anhydrous sodium sulfateand filter; evaporate the filtrate and
dissolve the residue in 1 mL of ether.

(2) Prepare in the same manner as solution (I) but omitting
the addition of the internal standard solution.

(3) Prepare in the same manner as solution (1) but using
20 mL of a 0.015% wlv solution of the substance being
examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use a fused silica column (15 m x 0.32 nun) bonded
with a 0.25 urn film ofpolyethyleneglyccl20,OOO (DB-Wax is
suitable).

(b) Use nitrogen as the carrier gas at 0.8 mL per minute.

(c) Use isothermal conditions maintained at 210°.

(d) Use an inlet temperature of 250".

(e) Use a flame ionisation detector at a temperature of 250°.

1508-76-5

o
323.9C 19H29NO,HCl

Action and use
Anticholinergic.

Preparations
Procyclidine Injection

Procyclidine Tablets
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Progesterone

PhE" ------------------

DEFINITlON
Pregn_4_ene_3,20_dione.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless

crystals.

Solubillty
Practically insoluble in water, freely soluble in anhydrous
ethanol, sparingly soluble in acetone and in fatty oils.

It shows polymorphism (5.9).

lDEN"fIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison progesterone CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance [0 be examined and the reference

(f) ~ject 1 !tL of each solution.

(g) LIse a split ratio of 1:5.

sysTEM SUITABILITY

The -resr is not valid unless the chromatogram obtained with
solution (3) shows two dearly separatedpeaks.

LIMI""TS
The ratio of the swn of the areas of any secondary peaks to
the area of the peak due to the internal standard in the
chro:cnatogrant obtained with solution (1) is not more than
the ratio of the area of the principal peak to the area of the
internal standard peak in the chromatogram obtained with
solution (3) (3%).

Loss on drying
Whe.D dried to constant weight at 105°, loses not more than
0.50/0 of its weight. Use 1 g.

Sulfated ash
Not wore than 0.1%, Appendix IX A.

ASSAY
Carr-y out Method I for non-aqueous titration,
Appendix VTII AJ using 0.7 g and crystal viokt solution as
indicator. Each mL of a.1M perchtoric acid VS is equivalent to
32.39 mg of C 19H2.ND,HCI.

Tim. Mobile phase A Mobile phase B
(mln) (per cent VIP) (per cent VIJI)

0-20 100 0
20 - 27 lOO ..... 0 0 ..... 100

27 - 45 0 roo

TESTS
Specific optical rotation (2.2.7)
+ 186 to + 194 (dried substance).

Dissolve 0.250 g in anhydrous ethanol R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in mobile phase B and dilute to 50.0 mL with
mobile phase B.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase B. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase B.

Reference solution (b) Dissolve 2 mg of progesterone for system
suitability CRS (containing impurities B, C, G, I and 1\1) in
mobile phase B and dilute to 5.0 mL with mobile phase B.

Reference solution (c) Dissolve 2 mg of progesterone for peak
idendficodon CRS (containing impurities D, E, J, K and L) in
mobile phase B and dilute to 5.0 mL with mobile phase B.

Reference sohuion (d) Dissolve 10.0 mg of progesterone for
impun·ty H identification CRS (with an assigned content of
impurity H) in mobile phase B and dilute to 25.0 mL with
mobile phase B.

Reference solution (e) Dissolve 20.0 mg ofprogesterone CRS
in mobile phase B and dilute to 50.0 mL with mobile
phase B.

Column:
- size: I;;;;; 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped extra-dense bonded octadecylsilyl

silica gelfor chromatagraphy R (5 urn).

Mob/7e phase:
- mabile phaseA: acetonilri/e R, waterR (50:50 VIV);
- mobile phase B: waterR, acetonitrile R (20:80 VIV);

substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in a mixture of 1 volume of methanol Rand
9 volumes of methylene chloride R and dilute to 10 mL with
the same mixture of solvents.

Reference solution Dissolve 10 mg ofprogesterone CRS in a
mixture of 1 volume of methanol Rand 9 volumes of
methylene chloride R and dilute to 10 mL with the same
mixture of solvents.

Plate TLC silica gelF154 plate R.
1\4OO11e phase ethyl acetate R, methylene chloride R
(33:66 VW).

Applicatian 5!tL.

Development Over 314 of the plate.

Drying In ale.

Detection Examine in ultraviolet light at 254 nm.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in me chromatogram obtained with the
reference solution.

57-83-0314.5

(Ph. Hur. monograph 0429)

C"H,oD2

Action and use
Progestogen.

Preparadon
progesterone Injection
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B. (20S)-20-hydroxypregn-4-en-3-one,

A. pregna-4,14-diene-3,20-dione,

OH
CH,

OH
CH,

o

o

o

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (e),

Calculate the percentage content of C21H 300 2 taking into
account the assigned content of progesterone CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impwiues B, C, D, E, G, H, I, J, K, L, lw'
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limired by the general acceptance
criterion for othertunspedfied impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A.

C. (20R)-20-hydroxypregn-4-en-3-one,

D. (20S)-3-oxopregn-4-en-20-yJ acetate,

Flow rate 1.0 rnUmin.

Detection Spectrophotometer at 241 run and, for
impurity H, at 286 run.

Injection 10 ~L of the test solution and reference
solurions (a), (b), (c) and (d).

Identification of impurities Use the chromatogram supplied
with progesterone for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C, G, I and Mj use
the chromatogram supplied with progesterone for peak
identijicatiQtl CRS and the chromatogram obtained with
reference solution (c) to identify the peaks due to
impurities D + E, J, K and 1..; use the chromatogram
obtained with reference solution (d) to identify the peak due
to impurity H.
Relative retention With reference to progesterone (retention
time == about 14 min): impurity B = about 0.60;
impurity J = about 0.65; impurity H =about 0.82;
impurity K = about 0.85; impurity C = about 0,93;
impurity M = about 1.1; impurity L = about 1.90;
impurity I = about 1.95; impurities D and E = about 2.05;
impurity G = about 2.65.

System suitability Reference solution (b):
_ peak-to-valley ratio: minimum 4.0, where Hp = height

above the baseline of the peak due to impurity 1\11 and
H v = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
progesterone.

Limits:
_, impurity 1 (sum of the J epimers): not more than 6 times

the area of Ute principal peak in me chromatogram
obtained with reference solution (a) (0.6 per cent);

_ impurity C: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

_ impurity B: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

_ sum of impuritks D and E: not more than 1.5 times the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.15 per cent);

_ impurities G, J, K, L, M: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

_ impurity H at 286 nm: maximum 0.15 per cent, calculated
from the area of the corresponding peak in the
chromatogram obtained with reference solution (d) and
taking into account the assigned content of impurity H in
progesrerone for ifflpun'ly H identification CRS;

_ unspecified impurities: for each impurity, Dot more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

_ sum of impurities otherthan H: not more than 10 times the
area of me principal peak in the chromatogram obtained
with reference solution (a) (1.0 per cent);

_ disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on dryIng (2.2.32)
Maximum 0.5 per cent, determined on 0.500 g by drying in
an oven at 105°C for 2 h,
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JI-730 Proguanil Hydrochloride 2022

o M. (17cr)-pregn-4-ene-3,20-dione.

E. (20R)-3-oxopregn-4-en-20-yl acetate,
____________________ PhE"

o

G. 21-(cyclohexyUdene)pregn-4-ene-3,20-rlione,

Proguanil Hydrochloride
(ph. Eur. monograph 2002)

o

o

Action and use
Antiprotozoal (malaria).

Preparation
Proguanil Tablets

290.2 637-32-/

H. pregna-4,6-diene-3,2Q-dione (A6-progesterone), PhE" _

K. pregna-4,9(l1)-diene-3,20-dione,

L. 20-methylidene-3-oxopregn-4-en-21-al,

DEFINITION
N'-(4-Chlorophenyl)-N'-(propan-2-yl)imidodicarbonimidic
diamide hydrochloride.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, sparingly soluble in anhydrous
ethanol, practically insoluble in methylene chloride.

IDENTIFICATION
First identification: A, C.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison proguanil hydrochloride CRS.
B. Dissolve 0.4 g in 50 mL of walei' R (solution A).
To 15 mL of solution A add 2 mL of dilute sodium hydroxide
solution R. Extract with 20 mL of ethylacetate R. Wash the
organic layer withwaterR, evaporate to dryness and dry at
105 "C. The melting point (2.2./4) of the residue is 130 'C
to 133 "C.

C. It gives reaction (a) of chlorides (2.3. I).

TESTS
Acidity or alkalinity
To 35 mL of walei' R maintained at 60-65 'C, add 0.2 mL
of methyl redmixed solution R. Neutralise to a grey colourwith
either 0.0/ M sodium hydroxide or 0.0/ M hydrochloric arid.
Add 0.4 g of the substance to be examined and stiruntil
completely dissolved. The solution is grey or green.
Not more than 0.2 mL of 0.0/ M hydrochlori< arid is required
to change the colour of the solution to reddish-violet.
Related substances
Liquid chromatography (2.2.29).

andeplmer atC·

o

o

o

J. pregna-l,4-diene-3,20-dione,

I. (20RSJ-20-methyl-3-oxopregn-4-en-21-al,
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Sonem mixture acetonitrile R, methanol R) waterR
(20:20:60 VIV/V).

Tesl solution (oJ Dissolve 20 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.
Test solution (b) Dissolve 20 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Refemce solution (a) Dissolve 5 mg of proguaniJ for system
Slli,abiluy CRS (containing impurity G) in the solvent mixture
and dilute to 25.0 mL with the solvent mixture.

Rsfetence solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Rejetmce solution (c) Dissolve 4.0 mg of proguani!
impun"IY B CRS in the solvent mixture and dilute to
100.0 mL with the solvent mixture. Dilute 1.0 mL of the
solution to 50.0 mL with the solvent mixture. Dilute 1.0 mL
afthis solution to 10.0 mLwith me solvent mixture.

Column:
- size: 1= 0.075 m, 0 = 4.6 mm;
- stationary phase: tXtylsilyl silica gelfor chromatography R

(3.5 urn);
_ temperature: 40 "C.

Mob.le phase:
- mobile phaseA: dissolve 0.65 g of sodium penumesulfonose R

and 7.0 g of sodium perchlorate R in waterfor
chromatography R and dilute to 1000 mL with the same
solvent; adjust to pH 3.0 with a 1 per cent VIV solution
of mfluoroacetic acidR;

- mobile phaseB: dissolve 0.65 g of sodium pentanesulfonau R
and 7.0 g of sodium perchlorate R in a mixture of
20 volumes of waterfor chromatography R, 40 volumes of
acetonitrile for chromatography Rand 40 volwnes of
methanol Rl and dilute to 1000 mL with the same solvent
mixture; add 4 mL of a I per cent VIV solution of
tnfiuoroacetk acid Ri

Time Mobile phase A MobUe phase B
(min) (per cent VIJI) (per cent VIJI)

0·3 15 25
3·23 75 -> 40 25 -> 60

Flow rate 1.5 rnl1min.

Detection Spectrophotometer at 235 run.

Injection 20,u.. of test solution (a) and reference
solutions (a) and (b).

Identification of impuruies Use the chromatogram supplied
with proguanil for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity G.

Relative retention With reference to proguanil (retention
time =about 16 min): impurity G =about 1.05.

System suitability Reference solution (a):
_ jJe{lk-to-valley ratio: minimum 5.0J where Hp = height

above the baseline of the peak due to impurity G and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to proguanil.

Calculation ofpercentage contents:
- for each impurity, use the concentration of proguanil

hydrochloride in reference solution (b).

Proguanil Hydrochloride II-731

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent,
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent, except for impurity B.

Impurity B
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Injection Test solution (b) and reference solution (c).

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due [0

impurity B.

Relative retention With reference to proguanil (retention
time = about 16 min): impurity B = about 0.2 .

System suit-ability Reference solution (c):
- signal-to-noise ratio: minimum 10 for the peak due to

impurity B.
Limit:
- impun·ty B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (200 ppm).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
.Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Suspend 0.100 g in 20 mL of anhydrous acetic acidR, shake
and heat at 50 °C for 5 min. Cool to room temperature and
add 40 mL of acetic anhydride R. Titrate with 0.1 M perchlonc
acidJ determining the end-point potentiometrically (2.2.20).

I mL of 0.1 M petchloric acid is equivalent to 14.51 mg of
C1lH17ChNj .

STORAGE
Protected from light.

IMPURITIES
Specified impurities B.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by one or otherof the tests
in the monograph. They are limited by the general acceptance
cruerion for other/unspecified impurities ondlor by the general
monograph Substonces for pharmaceutical use (2014). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, C, D, E, F, G.

A. N-cyano-N'-(propan-2-yl)guanidine,

B. 4-chloroaniline,

C. N l ,ly3-bis(4-chlorophenyl)imidodicarbonimidic diamide,
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___----------------- PIlE",

TESTS
Solution S
Dissolve 2.5 g in distilled waterR and dilute to 50 mL with
the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Specific optical rotation (2.2.7)
~86.0 to -84.0 (dried substance).

Dissolve 1.00 g in waterR and diluteto 25.0 mL with the
same solvent.

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method I.
The concentrations of the test solutionand the reference
solutions may be adapted according to the sensitivity of the
equipmentused. The concentrations of all solutions are
adjusted so that the systemsuitability requirements described
in general chapter2.2.46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.
Solution A dilutehydrochloric (Kid Rl or a samplepreparation
buffersuitable for the apparatus used.
Test solution Dissolve 30.0 mg of the substance to be
examinedin solution A and dilute to 50.0 mL with
solution A.
Reference so/mum (a) Dissolve 30.0 mg of alanine R
(impurity A) in solution A and dilute to 50.0 mL with
solution A. Dilute 1.0 mL of the solutionto 100.0 mL with
solution A. Dilute 1.0 mL of this solutionto 10.0 mL with
solution A.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with. solutionA. Dilute 2.0 mL of this solution to
10.0 mL with solution A.
Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (l00 ppm NH,J R to 50.0 mL with solution A. Dilute
1.0 mL of this solution to 100.0 mL with solution A.
Reference solution (d) Dissolve 30 mg of isoleucine Rand
30 mg of leucine R in solution A and dilute to 50.0 mL wilh
solution A. Dilute 1.0 mL of me solutionto 200.0 mL with
solution A.
Blank solution Solution A.
Injectsuitable, equal amounts of the test, blankand reference
solutions into the amino acid analyser. Run a program
suitable for the determination of physiological amino acids.
System suitabi/ily Reference solution (d):
- resolution: minimum 1.5 between me peaksdue to

isoleucine and leucine.

Reference solution Dissolve 10 mg ofpro/ineCRS in a
I percent VIV solution of hydrochloric acidR and dilute to
50 mL with the same solution.
Plate TLC silica gelplate R.
Alobiie phase glacial acetic acid R, waterR, butanol R
(20:20:60 V/VlV).

Application 5 ur,
Deuelopmem Over 2/3 of the plate.

Drying In air.

Detection Spray withninhydrin SOIUhfm R and heat at 105 "C
for 15 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size to

the principal spot in the chromatogram obtained with the
reference solution.

147-85-3115.1

(ph. Bur. monograph 0785)

C,H.NO,

Action and use
Amino acid.

G. N 1 _(3_cWorophenyl)_N'_(propan_2_yl)imidodicarhonimidic
diamide.

C1Y"l NHl/.- )l .-ftN
~ ~

PIlE'" -------------------

DEFINITION
(25)_pyrrolidine-2-carboxylic acid.

Product of fermentation or of proteinhydrolysis.

Content
98.5 per cent to 101.0 per cent (dried substance).

cHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubl1lty
Very soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: A, B.
Second idenrijication: A, C.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison proline CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance [0 be
examined in a 1 per cent VlV solution of hydroch/on"c acid R
and dilute to 50 mL with the same solution.

Proline

F. N 1 -(3,4-dichlorophenyl)-N' -(propan-2-yl)
irnidodicarbonimidic diamide,

E. N_(4_cWorophenyl)_N'_cyanoguanidine,

C1~ NH NH CH3

cl~~)l~)l~ACH3

D. w 1,N'-bis(propan-2-yl)imidodicarbonimidic diamide,
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2022 Promazine Hydrochloride II-733

--------------- PhEU"

PhEU" ~

53-60-1

**** ** ** ****

HC'

320.9

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparadons
Promazine Injection

Promazine Tablets

(ph. Bur. monograph 1365)

Promazine Hydrochloride

A. (2S)-2-aminopropanoic acid (alanine),

H IIH,

HJc0C02H

CH,

DEFINITION
N,N-Dimetbyl-3-(IOH-phenothiazin-10-yl)propan-I-amine
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

SolubUlty
Very soluble in water, in ethanol (96 per cent) and in
methylene chloride.

mp
About 179 "C.

IDENTIFICATION
First identification: A, D.
Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison: promazine hydrochloride CRS.

B. Identification test for phenothiazines by thin-layer
chromatography (2.3.3): use promazine hydrochloride CRS to
prepare me reference solution.

C. Dissolve about 5 mg in 2 mL of suljun"c acidRand aUow
[0 stand for 5 min. An orange colour is produced.

D. Dissolve 18 mg in 2 mL of methanol R. The solution gives
reaction (a) of chlorides (2.3. I).

B. (2S)-2-amino-3-metbylbutanoic acid (valine).

compliance. See also 5.10. Control 01 impurities in substances for
phannaceutical use) A, B.

Calculation of percentage contents:
_ for any ninhydrin-positive substance detected at 570 run,

use the concentration of impurity A in reference
solution (a);

_ for any ninhydrin-positive substance detected at 440 run,
use the concentration of proline in reference solution (b);
if a peak is above the reporting threshold at both
wavelengths, use the result obtained at 570 om for
quantification.

Limits:
~ any ninhydrin-positive substance: for each impurity,

maximum 0.2 per cent;
~ total: maximum 0.5 per cent;
_ reporu"ng threshold: 0.05 per cent.

The thresholds indicated under Related substances
(Table 2034.-1) in tbe general monograph Substances for
phannacetltical use (2034) do not apply.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

sulfates (2.4.13)
Maximum 300 ppm.

Dilute 10 mL of solution S to 15 mL witb distilled waterR.

Anunonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.
Injection Test solution, reference solution (c) and blank
solution.

Limit:
_ ammonium at 570 nm: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (c) (0.02 per cent), taking into account
the peak due to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 10 ppm.
In a separating funnel, dissolve 1.0 g in 10 mL of di/ute
hydrochlom acid R. Shake witb 3 quantities, each of 10 mL,
of methyl isobutyl ketone R 1J shaking for 3 min each time.
To the combined organic layers add 10 mL of water Rand
shake for 3 min. Use the aqueous layer.

Loss on drying (2.2.32)
lVlaximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on l.0 g.

ASSAY
D;ssolve,O.IOO g in 3 mL of anhydrous formic add R.
Add 30 InL of anhydrous acetic add R. Titrate witb 0.1 M
perch/orie acid, determining the end-point potentiometrically
(2.2.20).
I mL of 0.1 M perchkmc acid is equivalent to 11.51 mg of
C,H.NOz·

STORAGE
protected from light.

LW'URITIES
Otherdetaeable impurities (thefollowing subseances would, If
present at a sufficiem level, bedetected by one or otherof the tests

in themonograph. They are limitedby the general acceptance
criterion for other/unspecified impmiues. It is therefore not
n«essary to identify these impurities for demonstration of

www.webofpharma.com



PIlE" _

DEFINlTION
(2RS)-N,N-Dimethyl-I-(IOH-phenothia2in-10-yl)propan-2­
amine hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CllARACTERS
Appearance
White or faintly yellowish, crystalline powder.

Solubility
Verysoluble in water, freely solublein ethanol (96 per cent)
and in methylene chloride.

mp
About 222°C, with decomposition.

IDENTIFICATION
First identification: A, D.
Second identification: B, CJ D.
A. Infrared absorption spectrcphctcmerry (2.2.24).

Comparison promethazine hydrochkm"cJe CRS.
B. Identification test for phenolhiazines by thin-layer
chromatography (2.3.3): use promethazine hydrochloride CRS
to prepare the reference solution.
C. Dissolve 0.1 g in 3 mL of woter R. Add dropwise 1 mL of
niuicacidR. A precipitate is formed which rapidly dissolves
to give a redsolution, becoming orange and then yellow.
Heat to boiling. The solution becomes orange and an
orange-red precipitate is formed.
D. Dissolve 18 mg in 2 mL of methanol R. The solution gives
reaction (a) of chlorides (2.3.1).

TESTS
pH (2.2.3)
4.0 to 5.0, measured immediately after preparation.
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
J0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use and cany out the test protected from light.
Solvent mixture triethylomine R, methanol R (1:1000 VIV).
Testsolution Dissolve 25.0 mg of the substance to be
examined in the solventmixture and dilute to 50.0 mL with
the solventmixture.

II- '734 Promethazine Hydrochloride

TESTS
pH
(2.2. 3): 4.2 to 5.2, measured immediately after preparation.

Dissolve 0.5 g in carbon dioxide-free wal~ R and dilute to
10 rnL with the same solvent.

Related substances
'Ibin-1ayer chromatography (2.2.27). Prepare the solutions
immediately before useandcarryout the testprotected from bnght

light.
Solvent mixture diethylamine R, methanol R (5:95 VIJI).

Test: solution Dissolve 0.100 g of the substance to be
exa:rnined in the solvent mixture and dilute to 10 mL with
the solvent mixture.
Reference solution (a) Dilute 1 mL of the test solution to
200 rrrl., with the solvent mixture.
Reference solution (b) Dissolve 10 mg of chlorprothixene
hydrochloride CRS in the solvent mixture, add I mL of the
test solution and dilute to 10 mL with the solvent mixture.

Plate TLC silica gel F254 plateR.
Mobile phase acetone R, diethylamine R, cyclohexane R
(10:10:80 VIVW).

Application I0 ~L.

Development Over 2/3 of the plate.
Drying In air, until me solvents have evaporated.
Detection Examine in ultraviolet lightat 254 om.
Retardation factors Chlorprothixene =about 0.25;
promazine:: about 0.5.
System suitability Referenc~ solu~on (b):
_ the cluomatogram shows 2 major spots (due to promazine

and cWorprothixene) which are clearly separated.

Limit:
_ any impun"ty: any spot in the chromatogram obtainedwith

the test solution, apart fromthe principal spot, is not
more intense than the spot in the chromatogram obtained
with reference solution (a) (0.5 per cent); disregard any
spot at the point of application.

Loss on drying
(2.2.32): maximum 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 °C.

sulfilted ash
(2.4.14): maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 5.0 mL of O. 01 M
hydrochloric acid and 50 mL of ethanol (96 per cem) R. Carry
out a potentiometric titration (2.2.20), using O. J A-1 sodium
hydroxide. Read the volume added between the 2 points of

inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 32.09 mg of
Cl1}f21CIN2S.

STORAGE
In an airtight containerprotected from light.

IMPURITIES

("I
YN~N",CH3

~SD tH3
o I

~

A. 10_[3-(dimethylamino)propylj-5A'-phenothiazin-5(10H)­
one (promazine sulfoxide).

__------------------ PIlE"

Promethazine Hydrochloride
(Ph. Eur. monogroph 0524)

~
"" ~H3
.# N N'CH

D
~H 3 and enanucmer

S "'" 3

~I

320.9

Action and use
Hi receptor antagonist; antihistamine.

Preparations
Promethazine Injection
Promethazine Oral Solution

Promethazine Hydrochloride Tablets

Hel

2022

**** ** ** ****

58-33-3
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Reference solution (aJ Dissolve 2.5 mg of promethazine for
peak identification CRS (containing impurities A, B and C) in
we solvent mixture and dilute to 5 mL with the solvent
mixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 rnl. with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 rnL with me solvent mixture.

Reference solution (c) Dissolve 5.0 mg of promethazine
impudtY D CRS in the solvent mixture and dilute to
100.0 mL with the solvent mixture. Dilute 1.0 mL of the
solution to 100.0 mL with the solvent mixture.

Column:
_ size: 1= 0.15 m, 0 = 4.6 mm;
_ stationary phase: end-capped oClylsily/ silica gelfor

chromatography with embedded polar groups R (5 pm).

Mobile phase Mix 20 volumes of methanol R, 30 volumes of
acetonitrile Rand 50 volumes of a 3.4 gIL solution of
potassium dihydrogen phosphate R previously adjusted £0

pH 7.0 withpatassium hydroxide R.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 run.

Injection 10 ~L.

Run time 2.5 times the retention time of promethazine.

Identificariun of impurities Use the chromatogram supplied
with promethazinefor peak identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, Band C; use the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity D.
Relative retention With reference to promethazine (retention
time = about 18 min): impurity D =about 0.2;
impurity C = about O.5j impurity B = about J.4j
impurity A = about 1.8.

System suitability Reference solution (a):
_ resolution: minimum 2.0 between the peaks due to

impurities B and A.

Limits:
_ cometion factor: for the calculation of content, multiply the

peak area of impurity A by 0.5;
_ impun"ty B: not more than 8 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.8 per cent);

_ impun"ty C: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 pet cent);

_ impun'ty A: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.1 pet cent);

_ impurity D: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (c) (0.1 pet cent);

_ unspedfied impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

_ total: not more than 12 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.2 per cent);

_ disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (1.1.31)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Promethazine Hydrochloride II-735

Sulfated ash (2.4.14)
Maximum 0.1 per cenr, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 5.0 mL of 0.01 j\-1
hydrochlaric acidand 50 mL of ethanol (96 percenV R. Carry
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 At! sodium hydroxide is equivalent to 32.09 mg
of C ,7H,1 CIN,S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C-' D.

ij[

YJ:
u

A. phenothiazine,

B. (2RS)-N,N-dimethyl-2-(IOH-phenothiazin-IO-yl)propan­
I-amine (isopromethazine),

~"" ~
"" N~ 'CH

D
H 'c~H 3 and enantiomer

S "" a

",'
C. (2RS)-N-methyl-I-(10H-phenothiazin-10-yl)propan-2­

amine,

Ci"" 'iH,
# N . N"CH

D
~H J and enanliomer

"",S #" 3

o I
'"

D.IQ..[(2RS)-2-(dimethylamino)propylj-5'!-phenothiazin-5
(IOH)-one.

_____________________ PhElr
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H-736 Promethazine Teoclate 2022

Promethazine Teoclate

66532-86-3300.8

(Ph. Bur. monograph 1366)

Acdon and use
Analgesic; antipyretic.

PhE'" _

DEFINITION
4-(Acetylantino)phenyl (dlethylaminojacetare hydrochloride.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water) slightly soluble in anhydrous ethanol,
practically insoluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spewum of propacetamd
hydrochloride,

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Soludon S
Prepare the solution immediately be/ore use Dissolve 1.75 gin
water R and dilute to 10.0 mL with the same solvent.

Propacetamol Hydrochloride

of isopromethazine hydrochloride BPCRS. For solution (3)
dilute 1 volume of solution (1) to 200 volumes. For solution
(4) dilute I volume of solution (I) to 500 volumes. Allow the
plate to dry in air and examine under ultraviolet light
(254 nm). In the chromatogram obtained with solution (I)
any spot corresponding to isopromethazine is not more
intense than the spot in the chromatogram obtained with
solution (2) (I %), any other secondary spot is not more
intense than thespot in the chromatogram obtained with
solution (3) (0.5%) and not more than three such spots are
more intense than the spot in the chromatogram obtained
with solution (4) (0.2%). Disregard any spot remaining on
the line of application.

Loss on drying
When dried to constant weight at 105°, loses not more than
05% of its weight. Use 1 g.

Sulfated ash
Not more than 0.1 %, Appendix IX A.

ASSAY
Dissolve 1 g in 200 mL of aawne and carry out Method I
for non-aquoous umuion, Appendix VllI A, using 3 mL of a
saturated solution of methylorange in aalane as indicator.
Each mL of O.lM perchloric acid VS is equivalent to 49.90 mg
of C I7H,oN,S,C7H,CIN,O,.

STORAGE
Promethazine Teoclate should he protected from light.

17693-51-5

~"""" ~NMe, Je0H
N ..~" N

. s'(jH ·Me ,M:t I }---CI
ION N,

Me
and enantiomer

CI7H",N,S,G,H,CIN,O, 499.0

Action and use
Histamine HI receptor antagonist; antihistamine.

Preparation
Promethazine Teoclace Tablets

CHARACTERISTICS
A white or almost white powder.

Very slightly soluble in water, sparingly soluble in ethanol
(96%); practically insoluble in ether.

IDENTIFICATION
A. Shake 0.15 g with 2.5 mL of water, add I mL of
5.\1 ammonia and extract with 30 mL of ether. Wash the ether
extract with 10 mL of water, dry with anhydrous sodium sulfate
and evaporate the ether to dryness. Dissolve the residue in
I mL of chloroform 1R. The infrared absorption spectrum of the
resulting solution, Appendix n A, is concordant with the
reference spectrum of promethazine (RS 297).
B. Dissolve 5 mg in 2 mL of sulfuric acidand allow to stand
for 5 minutes. A red colour is produced

C. Shake 0.4 g with 10 mL of water, add 4 mL of
5M ammonia, shake with two 30-mL quantities of ether and
add 4 mL of hydrochlm* acid to the aqueous solution. Filter
the white precipitate, wash with waterand dry at 105°.
Dissolve 10 rng of the residue in 1 mL of hydrochloric acid,
add 0.1 g ofpotassium chlorate and evaporate to dryness.
A reddish residue remains which becomes purple on
exposure to the vapour of ammonia.

TESTS
Chloride
Shake 0.3 g with 30 mL of waterfor 2 minutes and filter.
15 mL of the filtrate complies with the limit testfor chltJrides,
Appendix VII, but using 2 mL of nitric add in place of the
1 mL of dilute nitric acid (350 ppm).

Related substances
Carry out the method for thin-layer chromatography,
Appendix In A, using a silica gel F254 precoared plate
(Merck silica gel 60 F254 plates are suitable) and a mixture of
5 volumes of diethylamine, 10 volumes of acetone and
85 volumes of cyclohexane as the mobile phase. Pour the
mobile phase into an unlined tank, immediately place the
prepared plate in the tank, close the tank and allow the
solvent front to ascend 12 em above the line of application.
Apply separately to the plate 10 !Jl. of each of the following
solutions in a mixture of 5 volumes of diethylamine and
95 volumes of methanol. Solution (1) contains 2% w/v of the
substance being examined. Solution (2) contains 0.02% w/v

DEFINITION
Promethazine Tcoclate is the (RS)-dimethyl(2-phenothiazin­
lO-ylpropyl)amine salt of 8-chlorotheophyUine. It contains
not less than 98.0% and not more than 101.0% of
C17HzoN2S,GrH7ClN402J calculated with reference to the
dried substance.
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2022 Propacetamol Hydrochloride II-737

- stationary phase: octadecylsily/ silica gelfor chromarography R
(5 urn).

Mobile phase acetonitrile R, solution A (30:70 VIV).

Flaw rate 1 mUmin.
Detection Spectrophotometer at 246 nm.

Injection 20 pL.

Run time Twice the retention time of propacetamol.

Identification of impuriues The chromatogram obtained with
reference solution (b) shows a peak due to impurity A
(I" peak) and a peak due '0 impurity B (2,d peak).

Relative retention With reference to impurity A:
impurity B = about 1.6.

Limits:
- impun'ty A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (200 ppm);

- unspecified impurities: for each impurity, not more than
3.2 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent taking into account the response factor of
paracetamol of 1.6);

- total: not more than 6.4 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent taking into account the relative
response factor of paraceramol of 1.6);

- disregard limit: 0.01 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(3 ppm taking into account the relative response factor of
paracetarnol of 1.6).

Methanol
Gas chromatography (2.2.28).

Internal standard solution Dilute 2.0 mL of propanol R '0
20.0 mL with warer R. Dilute 1.0 mL of the solution to
25.0 mL with waterR. Dilute 1.0 mL of this solution to
25.0 mL with waler R.

Testsolution Dissolve 2.00 g of the substance to be
examined in water R, add 2.0 mL of the internal standard
solution and dilute 10 10.0 rnL with waterR.
Reference solulion Dilute 0.8 mL of methanol R to 50.0 mL
with warer R. Dilute 1.0 mL of the solution '0 25.0 mL with
warer R. To 2.0 mL of this solution, add 2.0 mL of the
internal standard solution and dilute to 10.0 mL with
waler R.

Column:
- material: glass;
- size: 1= 2 m, 0 = 2 mm;
- stationary phase: carbon molecular sieve impregnated with

0.2 per cent of maerogol 1500.

Carrier gas nitrogen for chromatography R.

Tet?'lperamre:

Detection Flame ionisation.

Injection 2 pL.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 or BY6 (2.2.2, iWethod I/).

Absorbance (2.2.25)
Maximum 0.05, determined at 390 om on solution S.

Impurity B
Thin-layer cbromatography (2.2.27).

Test solution Suspend 4.00 g of the substance to be
examined in 8 mL of acetonitrile R. Shake for 30 min and
filter. Dilute to 10 mL with acetonitrile R.

Reference solution (a) Dissolve 25 mg of 4-aminophenol R
(impurity B) in acetonitrile R and dilute '0 50 mL with the
same solvent. Dilute 10 mL of this solution to 50 mL with
acetonitrile R.

Reference solution (b) Dilute 5 mL of reference solution (a)
to 50 mL with acetomtrile R.
Reference solution (c) Dilute 0.2 mL of reference solution (a)
to 5 mL with the test solution.

Plate TLC silica gelF254 plate R.

J.\tl.obi/e phase anhydrous lonnie acid R) waterR, methanol R,
methylene chloride R (3:4:30:64 VIVIVIV).

Application 50 pl, of the test solution and of reference
solutions (b) and (e).

Development Over a path of IS em.

Drying In air.

Detection Examine in ulrraviolet light at 254 nm. Spray with
a 10 gIL solution of dimethylaminobenzaldehyde R in ethanol
(96 percem) R.

Identification of spots Reference solution (c) shows 2 spots,
one visible in ultraviolet light due to propacetamol and the
other one yellow, visible after spraying due to impurity B.
An additional spot may appear in ultraviolet light and
corresponds to impurity A.

Systemsuitability Reference solution (c):
- the chromatogram shows 2 clearly separated spots.

Limit:
- impun·'Y B: any yellow spot due to impurity B not visible

in ultraviolet light is not more intense than the
corresponding spot in the chromatogram obtained with
reference solution (b) (25 ppm).

Related substances
liquid chromatography (2.2.29).

Solution A Dissolve 2.16 g of sodium ocumesalfonase R in
900 mL of warer R and dilute to 1000 mL with the same
solvent. Adjust to pH 3.0 with acetic acid R.

Test solution Suspend 1.00 g of the substance to be
examined in 10.0 mL of acetonitrile R. Shake for 10 min.
Allow to stand. Take 3.0 mL of the supernatant solution and
dilute '0 10.0 mL with solution A. Inject immediately.

Reference solution (a) Dissolve 50 mg of paracetamol R
(impurity A) in acetonitrile R and dilure '0 50.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 50.0 mL with
acetonitrile R. Dilute 3.0 mL of this solution to 10.0 mL with
solution A.

Reference solution (b) Dissolve 10 mg of paracetomd R
(impurity A) and 0.100 g of 4-aminophenol R (impurity B) in
acetonitrile R and dilute to 50.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 50.0 mL with acetonitrile R.
Dilute 3.0 mL of this solution to 10.0 mL with solution A.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;

Column

Injection port

Detector

Tim.
(min)

0- 1.5

1.5 - 5.5

5.5 - 15.5

Temperature
CCJ
60

60 --> 80

80
170

220
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II-738 Propafenone Hydrochloride 2022

__________________ PhEir

A. N-(4-hydroxyphenyl)acetamide (paracetamol),

PhE" _

CHARACTERS
Appearance
Colourless crystals or white or almost white powder.

Solubility
Slightly soluble in cold water) soluble in methanol and in hot
water, practically insoluble in ethanol (96 per cent).

mp
About 173 'C.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison propafenone hydrochlaride CRS.
B. To 5.0 mL of solution S (see Tests) add 2 drops of dilute
nitric add R. A precipitate is formed. After 10 min, filter.
2.0 mL of the clear filtrate gives reaction (a) of
chlorides (2.3.1).

TESTS
Solution S
To 0.500 g in a 100 mL volumetric flask add 50 mL of
waterR, and heat to boiling for 5 min. Allow to cool to room
temperature and dilute to 100.0 mL with carbon dioxide-free
waterR.
Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2, Merhad II).

pH (2.2.3)
5.0 to 6.2 for solution S.

Optical rotation (2.2.7)
-0.05' to + 0.05'.

Dissolve 1.00 g in methanol R and dilute to 100.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmixture Mobile phase B) mobile phase A
(35:65 VIV).

Testsolution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dilute 1.0 mLof reference solution (a)
to 10.0 mL with the solvent mixture.

Reference solution (e) Dissolve 5.0 mg of the substance to be
examined and 5.0 mg of propafenone impurity B CRS in the
solvent mixture and dilute to 50.0 mL with the solvent
mixture.

Column:
- size: 1= 0.15 m, (2) = 4.6 nun,
- stadonory phase: end-capped IXtylsl1yl silica gelfor

chromatography R (5 pm) with a specific surface area of
320-350 m'/g and a pore size of 12-13 om,

- temperature: 30 "C.

Mobl1e phase:
- mobile phaseA: 3.42 gIL solution of dipotassium hydrogen

phosphate trihydrate R adjusted to pH 2.5 with phosphoric
acid R,

- mobl1e phaseB: acetonitrile for chromatography R,

34183-22-7

, Hel

377.9

o O~N~CH3

~
H OH H

"'" I "'" I
~ andenanllorner

(YNH2
HO)l/

O
OH

o I
H,C~N

H

Limit:
- methanol: calculate the ratio (R) of the area of the peak

due to methanol to the area of the peakdue to the
internal standard from the chromatogram obtainedwith
the reference solution; from the chromatogram obtained
with the test solution,calculate the ratio of the area of any
peakdue [0 methanol to the area of the peakdue to the
internal standard: this ratiois not greater thanR
(500 ppm).

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 25 mL of anhydrous acetic
acidRand 25 mL of acetic anhydride R. Titrate with 0.1 JU
perchloric acid, determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchioric acidis equivalent to 30.08 mg
of CI4HzICIN20J'

STORAGE
Protected from humidity.

IMPURITIES
Specified impun"ties A, B.

B. 4-aminophenol.

(Ph. Eur. monograph 2103)

Propafenone Hydrochloride

Action and use
Class I antiarrhythmic.

DEFINITION
1-[2-[(2RS)-2-Hydroxy-3-(propylamino)propoxy]phenyl]-3­
phenylpropan-I-one hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).
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2022 Propafenone Hydrochloride II-739

Time
(min)

o-s
8 - 20

20 - 30

Mobile phase A
(per cent V/Y,l

65

65 ---> 30

30

Mobile phase B
(per cent VIJ?

35

35 ---> 70

10

D. J-[2-[(2RSj-2,3-dihydroxypropoxy]phenyl]-3­
phenylpropan-Lone,

E. 1-[2-[(2RSj-3-chloro-2-hydroxypropoxy]phenyl]-3­
phenylpropan-f-one,

and enanliomer

and enantiomer

and enanbcmer

o o~()A()H 0

B. (2E)-I-[2-[(2RSj-2-hydroxy-3-(propylamino)propoxy]
phenylj-S-phenylprop-z-en-Icone,

C. 1-[2-[[(2RSj-oxiranyl]methoxy]phenyl]-3-phenylpropan-J­
one,

o O~OH

~H OH aod enantcmer

F. 1, J '-[2-hydroxypropane- J,3-diylbis(oxy-2,I-phenylene)]bis
(3-phenyJpropan-J-one),

G. 1, J '-[propyliminobis[(2-bydroxypropane-3, l-diyJ)oxy-2, J­
phenyiene]]bis(3-phenylpropan-l-one),

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 nm.

Equilibration 60 min with the mobile phase at the initial
composition, before each series of injections.

Injection 20 JIL of the test solution] reference solutions (a),
(b) and (c) and of the solvent mixture as a blank.

Relativeretention With reference to propafenone (retention
time > about 5 min): impurity B ;;;; about 0.8;
impurity D = about 2.3; impurity G =about 3.6;
impurity C ;;;; about 4.1; impurity F = about 5.3.

System suitability Reference solution (c):
- resolution: minimum 3.0 between the peaks due to

impurity Band propafenone.

Limits:
- impurities B, CJ D, F, G: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0. J per cent),

- atty other impuniy: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent),

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent),

- disregard limit: 3 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.03 per cent).

Loss on drying (2.2.32)
Msxlmum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.1 if)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
In order to avoidoverheating during the titration, mix thoroughly
thruughout and stop the titration immediately after the end-point
has been reached.
Dissolve 0.300 g in 2 mL of anhydrous formic acid R.
Add 50 mL of acetic anhydride R. Titrate with 0.1 M
perchloric acid) determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

J mL of 0.1 M perchloric acid is equivalent to 37.79 mg
of C21H28CINO,.

IMPURITIES
Specified impuniies B) C, D} F, G.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limiud by the general aaeptance
cruerion fQY' other/unspecified impun·ties and/or by the general
monograph Substances for pharmaceutical use (2034). It is
rherefore not necessalY to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A) E, H.

o OH

()A()
H. (2RSj-2-phenyl-2,3-dihydro-4H-J-benzopyran-4-one.
___________________ PhE"

A. J-(2-hydroxyphenyl)-j-phenylpropan- J-one,
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II-740 Propanol 2022

PhE<I _

DEFINITION
Prcpan-I-cl.

CHARACTERS
Appearance
Clear, colourless liquid.

Solubility
lvUscible with water and withethanol.

IDENTIFICATION
First identification: G, B.
Second idendfiouion: A, B, D.
A. Refractive index (2.2.6): 1.384 to 1.387.

B. Boiling point (2.2./2): 96 °C to 98 °C.

C. Infrared absorption spectrophotometry (2.2.2<f).
Comparison Ph. Eur. reference spectrum of propanol.

D. To 1.0 mL add 0.10 g of dinirrobenzoy/ chloride Rand
0.05 mL of sulfuric acidR. Boil under reflux for 30 min.
Evaporate until the excess of propanol is removed, add 5 mL
of heptane R to the residue and heat to boiling. Filter the hot
solution. Washthe crystals' formed on cooling with heptane R
and dry in vacuum (2 kPa, at room temperature for 24 h).
The small, colourless, shinyplates melt (2.2.14) between
71 °C and 74 -c,
TESTS
Appearance
The substance to be examinedis clear (2.2.1) and colourless
(2.2.2, MethodIl). Dilute 2 mL to 10 mL with waterR. After
5 min, the solution is clear (2.2.1).

Acidity or alkalinity
To 10.0 mL of carbon dioxide-free waterR add 0.1 mL of
phenolphthalein solution Rand 0.0/ M sodium hydroxide until
the solution becomes pale pink. Afteraddition of 5.0 mL of
the substance to be examined the colour of the solution does
not become more intense. If the colour fades) add 0.2 mL of
0.0/ M sodium hydroxide. The solution is pink.

Absorbance (2.2.25)
Measure the absorbance between 230 om and 310 nm using
waterR as the compensation liquid. The absorbance A is not
greater than the following values.

40
40 ---+ 200

200

240

240

Temperature
rq

Tim'
(min)

O· 12
12 - 28
28·38

Colwnn

Jniection port

Detector

slowly changes its colour from violet to red. After 30 min,
the test solution is not less intensely coloured (2.2.2,
l\1lethod /1) than 10.0 mL of a reference solutionprepared as
follows: to 5.5 mL of primary solution yellow, add 13.0 mL
of primary solution red and dilute to 100.0 mL with waterR.

Related substances
Gas chromatography (2.2.28).

Test solution The substance to be examined.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with heptane R. Dilute 1.0 mL of this solution to
10.0 mL with heptane R.
Reference solutio" (b) Mix 0.1 mL of ace/One Rand 0.1 mL
of 2-propanol R and dilute to 100 mL with the test solution.

Column:
- material: fused silica;
- size; / :::; 30 01, 0 :::; 0.25 mm;
- stationary phase: cyanopropy/(3)phell)'l(3)methyl(94)

poIysi/oxa"e R (film thickness 1.4 urn).

Carnergas helium for chromawgraphy R.
Linearvelocity 25 cmls.
sa« ratio 1:200.

Temperature:

Detection Flame ionisation.
Injection I ~L.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities D and E.
Limits:
- any impwity: not more than the area of thepeak due to

propanol in the chromatogram obtained with reference
solution (a) (0.1 per cent);

- total: not more than 3 times the area of the peakdue to
propanol in the chromatogram obtained withreference
solution (a) (0.3 per cent);

- disregard limit: 0.1 times the area of the peakdue to
propanol in the chromatogram obtained with reference
solution (a) (0.01 per cent).

Non-volatile matter
Maximum 0.004 per cent.

Evaporate 50 mL of the substance to be examined to dryness
at 100 °C and dry the residue in an oven at 100-105 °C to
constant mass. The residue weighs a maximum of 2 mg.

Water (2.5. /2)
Maximum 0.2 per cent, determined on 10 g.

STORAGE
Protected from light,

LW'URITIES

71-23-8

0.300

0.100

0.030

0.020

0.010

Absorbance A

~OH
H,C

60.1

230

250

270

290

310

Wavelength
(om)

C,H,O

Propanol
(Ph. Eur. monograph 2036)

The absorption curvedoes not show any peaks.

Reducing substances
Place 10.0 mL in a test tube of about 20 mm in diameter in
a water bath at 20°C. Keep protectedfrom actinic light and
add 1.0 mL of a freshly prepared 0.16 giL solution of
potassium permanganate R. The mixture) maintained at 20 GeJ

~C-OH

A. methanol,
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2022 Propantheline Bromide II-741

CHARACTERS
Appearance
White or yellowish-white, slightly hygroscopic powder.

Solubillty
Very soluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 60 mg in methanolR and dilute to
100.0 mL with the same solvent. Dilute 10.0 mL of this
solution to 100.0 mL with methanolR.
Spectral range 230-350 nm.

Absorption maxima At 246 run and 282 nm.

Specific absorbance at the absorption maxima:
~ at 246 nm: 115 to 125;
- at 282 nm: 57 to 63.

B. Dissolve 0.2 g in IS mL of water R and add I mL of
strong sodiumhydroxide solution R. Boil for 2 min and cool
slightly. Add 7.5 mL of dilute hydrochloric acid R and filter.
\'(lash the residue with waterRand recrystallise from ethanol
(50 percent VII-? R. Dry at 100-105 °C for I h. Dissolve
about 10 mg of the residue in 5 mL of sulftmc acid R.
The solution has an intense yellow colour and shows an
intense yellowish-green fluorescence when examined in
ultraviolet light at 365 run.

C. Dissolve 50 mg in 0.1 mL of water R in a 25 mL flask
and add 1 mL of a saturated solution of potassium
pennanganate R. Attach a fractionating column and a
condenser, with the end of the delivery tube immersed in
1 mL of water R in a test-tube placed in a bath of iced water.
Distil fairly vigorously and continue heating for 1 min after a
dry residue has been obtained in the flask. Prepare a blank
by introducing into an identical test-tube a volume of water R
equal to that of the distillate. Place the tubes in a bath of
iced water. To each tube, add 0.5 mL of a 20 per cent VIV
solution of morpholine Rand 0.5 mL of a freshly prepared
50 gIL solution of sodium nitroprusside R. Mix and allow to
stand at 0 °C for 5 min, and then at room temperature for
3 min. No blue colour develops in either tube. Add 1 g of
ammonium sulfateR, mix and aUow to stand for 15 min.
A stable, intense pink colour develops in the test solution.
A brownish-yellow colour develops in the blank:.

D. It gives reaction (a) of bromides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.6 g in waterR and dilute to 20 mL with the same
solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, water R (40:60 VW).

Test solution (a) Dissolve 6 mg of the substance to be
examined in me solvent mixture and dilute to 50 mL with
the solvent mixture.

Test solution (b) Dissolve 6 mg of me substance to be
examined in 30 mL of the solvent mixture. Add 5 mL of
reference solution (b) and dilute to 50 mL with the solvent
mixture.

Test solution (c) Dissolve 6 mg of xanthydrolR1 and 6 mg of
the substance to be examined in the solvent mixture, then
dilute to 50 mL with the solvent mixture.

50-34-0448.4

_____________________ Phf"

J. hcxan-l-ol (n-hexanol).

I. pentan-f-ol (n-penranol),

H3C~OH

~OH
H,C

H. butan-j-ol (a-butanol),

D. propanone (acetone),

C. propanal,

G. 2-methylpropan-I-ol (isobutanol),

CIi,

~OH
H,C

F. butan-2-ol (sec-butanol),

E. isopropyl alcohol (2-propanoI),

H OH
H,lC0 and enanUomer

CH,

B. ethanol,

Action and use
Anticholinergic.

Preparation
Propantheline Tablets

Phf" _

C"H,JlrN03

Propantheline Bromide

DEFINITION
N-Methyl-N,N-bis(l-methylethyl)-2-[(9H-xanthen-9­
ylcarbonyl)oxy]ethanaminium bromide.

Content
98.5 per cent to 101.0 per cent (dried substance).

www.webofpharma.com



II-742 Propofol 2022

PhEIr- _

2078-54-8178.3

Action and use
Intravenous general anaesthetic.

Preparation
Propofol Injection

(Ph. Bur. monograph 1558)

Propofol

DEFINITION
2,6-Bis(l-methylethyl)phenol.

Content
98.0 per cent to 102.0 per cent.
This monograph applies to propofol prepared using
distiUation for purification.

CHARACTERS
Appearance
Colourless or verylightyellow, clearliquid.

Solubility
Veryslightly soluble in water, misciblewithhexane and with
methanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison prepafol CRS.

TESTS
Refractive Index (2.2.6)
1.5125 to 1.5145.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 1.00 g of the substance to be
examinedin hexane R and dilute to 10.0 mL with the same
solvent.
Test solution (b) Dissolve 0.240 g of the substance to be
examinedin hexane R and dilute to 100.0 mLwith the same
solvent.
Reference solution (a) Dissolve 5 f.lL of the substance to be
examined and 15 ~L of prepafol impuriry J CRS in hexaneR
and dilute to 50.0 mL with the same solvent.
Reference solutUm (b) Dilute 0.1 mL ofpropafolforpeak
idemifieation CRS (containing impurities E and G) to 1.0 mL
with hexane R.
Reference solution (c) Dilute 1.0 mL of test solution <a) to
100.0 mL with hexane R. Dilute 1.0 mL of this solution to
10.0 mL with hexaneR.
Reference solution (d) Dissolve 0.240 g of propofol CRS in
hexane R and dilute to 100.0 rnL with the same solvent.
Column:
- size: 1= 0.20 m, 0 = 4.6 mm;
- stationary phase: silica gelfor chromawgraphy R (5 urn),

iHobue phase anhydrous ethanol R, acetonimle R, hexane R
(1.0:7.5:990 VIVIJI).

Flow rate 2.0 mlJmin.

Detection Spectrophotometer at 275 nm.

Reference solution (a) Dissolve 6 mg of xanthydrol Rl in the
solvent mixture and dilute to 50 mL with the solvent
mixture.
Reference solution (b) Dilute 5 mL of reference solution (a)
to 50 mL with the solvent mixture.
Column:
- size: I = 0.25 m, 0 = 4.6 nun;
- "at;onaryphase: o<tade<ylsilyl silica gelfor chromawgraphy R

(5 urn).

Mobile phase Mixture of equalvolumes of acetonitrile Rand
of a solutioncontaining 28 gIL of sodium perchlorate Rand
II gIL of phosphoric acid R, adjusted to pH 3.8 with strong
sodium hydroxide solution R and then with 0.1 M sodium
hydroxide.
Flow rate 1 mIJrnin.
Detection Spectrophotometer at 206 nm.
Injection 20 ~ of test solutions (a), (b), (c) and reference
solution (a).
Run time Twice the retention time of propanrheline.

Systemsuilabl1ily Test solution (c):
- in the chromatogram obtained with test solution (a), there

is no peakcorresponding to the principal peak in the
chromatogram obtainedwith reference solution (a);

- resolution: minimum 8.0 betweenthe peaksdue to
propantheline and xanthydrol.

Limiu Test solution (b):
- any impun'lj1: for each impurity, not more thanthe area of

the peak due to xanthydrol (1.0 per cent), and not more
than one such peakhas an area greater thanor equal to
0.5 times the area of the peakdue to xanthydrol
(0.5 per cent);

- disregard limit: disregard anypeakwith a retention time
relative to propantheline of less than0.2 (bromide);
disregard the peak due to xanthydrol.

Loss on dry10g (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 rnL of acetic anhydride R. Titratewith
0.1 M perchlonc add, determining theend-point
potentiometrically (2.2.20).
I mL of 0.1 M perchioric acidcorresponds to 44.84 mg
of C23H3QBrN03 .

STORAGE
In an airtight container.
___________________ PhE..
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A. 2,4-bis(l-methylethyl)phenol,

Detection Flame ionisation.

Injection 1 ~L of the test solution and reference
solutions (a) and (c).

Relativeretention With reference to propofol (retention
time = about 17 min): impurity K = about 0.76;
impurity L = about 0.81; impurity J = about 1.01;
impurity 0 = about 1.03.

Systemsuitability Reference solution (c):
- peak-to-valley ratio: minimum 3.0, where Hp = height

above the baseline of the peak due to impurity J, and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to propofoJ.

Limits:
- impurities J, K, L, 0: for each impurity, not more than

0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.05 per cent).

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution (b) and reference solution (d).

Calculate me percentage content ofC12H1sO using the
declared content of propefol CRS.

STORAGE
Protected from light under an inert gas.

IMPURITIES
Specified impurities E, G, J, K, L, O.

Otherdet«tab/e impurities (thefollnwing substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph" They arelimited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Subsrancesfor pharmaceutical use (2034). It is
therefore not necessary to idemify these impun"ties for
demonstration of compliance. See also 5.10. Control of impun·ties
in substances for pharmaceutical use) A, B, C, D, F, H, I,
N,P.

Injection 10 IlL of test solution (a) and reference
solutions (a), (b) and (c).

Run time 7 times the retention time of propofol.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities G and E.

Relative retention With reference to propofol (retention
time = about 3 min): impurity G =about as;
impurity I =about 0.6; impurity B = about 0.7;
impurity N = about 2.3; impurity D = about 2.5;
impurity P =about 2.9; impurity A = about 3.0;
impurity C = about 3.4; impurity E = about 4.0;
impurity F = about 5.8; impurity H = about 6.4.

System suitability Reference solution (a):
- resolution: minimum 4.0 between the peaks due co

impurity J and propofol.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity E = 0.25j
impurity G = 5.0;

- impun·ty G: not more than twice the area of the peak due
to propofol in the chromatogram obtained with reference
solution (c) (0.2 per cent);

- impun"ty E: not more than 0.1 times the area of the peak
due to propofol in the chromatogram obtained with
reference solution (c) (0.01 per cent),

- unspecified impwities: for each impurity, not more than
0.5 times the area of the peak due to propofol in the
chromatogram obtained with reference solution (c)
(0.05 per cent); .

~ IOtal: not more than 3 times the area of the peak due to
propofo1 in the chromatogram obtained with reference
solution (c) (0.3 per cent);

~ disregard limit: 0.3 times the area of the peak due to
propofol in the chromatogram obtained with reference
solution (c) (0.03 per cent), except for impurity E.

Impurities J, K, Land 0
Gas chromatography (2.2.28).

Test solutio-n Dissolve 40.0 mg of the substance to be
examined in methylene chloride R and dilute to 10.0 mL with
the same solvent.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methylene chloride R. Dilute 1.0 mL of this
solution to 10.0 mL with methylene chloride R.
Reference solution (b) Dissolve 5 ~L of propofol
impurily J CRS (corresponding [0 5 mg) in methylene
chloride R and dilute to 100 mL with the same solvent. Dilute
1.0 mL of this solution to 25 mL with methylene chloride R.
Reference solution (c) Dissolve 4 mg of propefol CRS in
reference solution (b) and dilute to 1 mL with the same
solution.

Column:
- material: fused silica;
- size: 1= 30 m, 0 =0.32 mm;
- stationary phase: phenyl(50)methyl(50)palysiloxane R (film

thickness 0.5 urn),

Carrier gas helium for chromatography R.

Flow rate 1.7 mUmin.

Split ratio 1:5.

Temperature:

Column

Injection port

Detector

Thn.
(min)

0- J

J - 25

25·40

Temperature
CC)

80

80 ..... 210

210

100

270

B. 2-(I-methylethenyl)-6-(I-methylethyl)phenol,
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C. 2-(I-methylethyl)phenol,

P:H'
H3CYV

CH,

D.2,S-bis(l-methylethyl)phenol,

2022

L. 2,2-dimethyl-4-( l-methylethyl)-l ,3-benzodioxole,

N. 4_hydroxy_3,S_bis(l_methylethyl)benzoic acid,

H,C

HO

H,C
CH, H,C

CH,

OH

CH,

OH CH3

H'ClYI CH,

.#

O.2_(l_methylethyl)-6-propylphenol,

E. 3,3',5,5'-tetrakis(l-methylethyl)biphenyl-4,4'-dlol,

F. 3-(I-methylethyl)phenol,
P. I-methylethyl q-hydroxy-3,S-bis(l-methylethyl)benzoate.
__________~ PhEw

Propranolol Hydrochloride
(Ph. Bur. monograph 0568)

G. 2-( 1-methylethoxy)-1 ,3-bis( j-methylethyl) benzene,

H0Y'U
~CH'

CH,
295.8

. Hel

318-98-9

H. 4-( I-methylethyl)phenol,

I. oxydibenzene,

J. 2,6_bis(l_methylethyl)benzene-I,4-dione,

K. 1_(l_methylethoxy)-2-(I-methylethyl)benzene,

Action and use
Beta-adrenoceptor antagonist.

Preparations
Propranolol Prolonged-release Capsules

Propranolol Injection
Propranolol OralSolution
Propranolol Tablets

PhEw --.: _

DEFINITION
(2RSj_I_[(propan_2_yl)aminoj_3_[(naphthalen_l_yl)oxyj

propan-2-ol hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white powder.

Solubility
Soluble in water and in ethanol (96 per cent), practically

insoluble in heptane.
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IDENTIFICATION
First identification: B, D.
Secondidentification: A, C, D.

A. Melting point (2.2.14): 163 'C to 166 'C.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison propranolol hydrochloride CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in 1 mL of methanol R.

Reference solution Dissolve 10 mg of propranolol
hydrochloride CRS in I mL of methanolR.

PIal< TLC siiica gel G plate R.

iWobile phase concentrated ammonia Rt, methanol R
(1:99 VII').

Application 10 pL.

Development Over 3/4 of the plate.

Drying At 100-105 'C.

Detection Spray with anisaldehyde solution R and heat at
100-105 °C until the colour of the spots reaches maximum
intensity (10-15 min).

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than intensity 6 of the range of reference solutions of the
most appropriate colour (2.2.2, Method II).

Dissolve 2.0 g in methanolR and dilute to 20 mL with the
same solvent.

Acidity or alkalinity
Dissolve 0.20 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent. Add 0.2 mL of methyl red
solution Rand 0.2 mL of 0.01 M hydrochloric acid; the
solution is red. Add 0.4 mL of 0.01 M sodinm hydroxide; the
solution is yellow.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL wil.h
the mobile phase.

Reference solution (a) Dissolve 10 mg of propranolol for system
suieabl1ity CRS (containing impurity A) in the mobile phase
and dilute to 10 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m; 0 = 4.6 mm;
- stationary phase: end-capped o<tadecylsilyl silica gelfor

chromatography R (5 pm).

NJobile phase Dissolve 0.31 g of tetrabutylammonium
dihydrogen phosphal< Rand 1.6 g of sodium laurilsuljal< R in a
mixture of 1 mL of sulfuric acid R, 450 mL of waterfor
chromatography Rand 550 mL of aaumitn"l~R; adjust to
pH 3.3 with dilul< sodium hydroxide solution R.

Flew ral< 1.8 mUmin.

Detection Spectrophotometer at 292 nm.

Propranolol Hydrochloride II-745

Injection 20 pL.

Run time 7 times the retention time of propranolol.

Identification of impurities Use the chromatogram supplied
with propranolol for system suitability CRS and the
chromatogram obtained with reference solution (a)to identify
the peak due to impurity A.

Relative retention With reference to propranolol (retention
time =about 3 min): impurity A =about 0.6.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity A and propranolol.

Calculation of percentage contents:
- for each impurity, use the concentration of propranolol

hydrochloride in reference solution (b).

Limits:
--.,.- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximwn 0.2 per cent;
- reponing threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 25 mL of ethanol (96 percenV R. Titrate
with 0.1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.2U).

I mL of 0.1 M sodiumhydroxide is equivalent to 29.58 mg
of CI6H22CIN02.

IMPURITIES
Otherdetectable impurities (the following subseanas would, if
present at a sufficient level, be det«ted by oneor otherof the tests
in the monograph. They are limitedby thegeneral a«eptante
aitoion for otherlunspuified in/pun·ties and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary 10 identify these impun·ties for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) AJ B, C.

o .OXOH and enantiomer

U
A. (2RSj-3-[(naphthalen-I-yl)oxy]propane-I ,2-diol,

H3CyCH3

C(r OHI OH BI n' O~N~O '" I
",I In'

B. I, I '-[(propan-2-yl)azanediyl]bis[(23)-3-[(naphthalen-I-yl)
oxyjpropan-z-ol,

C. I ,3-bis [(naphthalen-I-yl)oxy]propan-2-o1.
__________________~_PhE"'
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II-746 Propyl Gallate 2022

PhE<r _

Propyl Gallate

Time MobUe phase A MobUe phase B
(miD) (per cent VIV) (per cent VIV)

0-. 95 5

6 - 25 95 -j. 45 5 -> 55

25 - 40 45 55

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 25.0 mg of the substance to be
examined in methanol R and dilute [0 25.0 mL with the same
solvent.
Test solution (b) Dilute 2.0 mL of test solution (a) to
20.0 mL with methanol R.
Reference sdution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with methanolR. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 25.0 mg of propylgallate for
ID and assayCRS in methanol R and dilute to 25.0 mL with
the samesolvent. Dilute 2.0 mL of the solution to 20.0 mL
with methanol R.
Reference solution (c) Dissolve 25 mg of methyl
parahydroxybenzcate R in me/hanoi R and dilute to 25 mL
with the same solvent. .Mix 1 mL of the solution and 1 mL
of rest solution (a), and dilute to 100 mL with methanol R.
Column:
- size: 1= 0.10 m, 0 =4.6 mm;
- stationary phase: end-capped ocladecyisilYl silica gelfor

chromatography wi,h embedded polargroups R (3.5 pm);
- temperature: 28 "C.
Mob.. phase:
- mobile phase A: 6.8 gIL solution of potassium dihydrogen

phosphate R;
- mobile phaseB: acetonitrile Rj

Flow rate 0.6 mUmin.

Detection Spectrophotometer at 275 nm.
Injection 10 j.tL of test solution (a) and reference
solutions (a) and (c).

Identification ofpeaks Use the chromatogram obtained with
reference solution (c) to identify thepeak due to methyl
parahydroxybenzoate.
Relativeretention With reference to propyl gallate (retention
time =about 20 min): methyl
parahydroxybenzoate = about 1.05.

System suitability Reference solution (c):
- resolution: minimum 4.0 between the peaks due to propyl

gallate and methyl parahydroxybenzoate.
Calculation ofpercentage contents:
- for each impurity, use the concentration of propyl gallate

in reference solution (a).
Limits:
- unspecified impurities: for eachimpurity, maximum

0.10 per cent,
- total: maximum 0.15 percent,
- reporting threshold: 0.05 per cent.

Total chlorine
Maximum 200 ppm.

l'vlix 0.5 g with 2 g of calcium carbonate RI. Dry and ignite at
700 ± 50°C. Take up the residue with 20 mL of dilutenitnc
acid R and dilute to 30 mL with waterR. 15 mL of the
solution, without further addition of dilute nitric acidR,
complies with the test for chlorides (2.4.4).

lZI-79-9212.2

Action and use
Antioxidant.

(Ph. Eur. monograph 1039)

DEFINITION
Propyl 3,4,5-trihydroxybenzoate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.
Solubility
Very slightly soluble in water, freely soluble in ethanol
(96 per cent). It dissolves in dilutesolutions of alkali
hydroxides.

IDENTIFICATION
First identification: B.
Second idemification: A. C, D.

A. Melting point (2.2.14): 148°C to 151 -c,
B. Infrared absorption spectrophotometry (2.2.24).

Comparison propylgallate for ID and assayCRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in acetone R and dilute to 10 mL with the same
solvent.

Reference solulion Dissolve 5 mg of propyl gallate for ID and
as.s:ay CRS in acekme R and dilute to 5 mL with the same
solvent.

Plate TLC silica gel G plate R.

Mob.. phase anhydrous formic acid R, emyl formateR,
wluene R (10:40:50 VIVIV).
Application 5 IlL.
Development Over 2/3 of the plate.

Drying In air for 10 min.

Detection Spray witha mixture of 1 volumeof ferric chloride
solution RI and 9 volumes of ethand (96 per cem) R.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position, colourand size to
the principal spot in the chromatogram obtained with the
reference solution.
D. Dissolve about 10 mg in 10 mL of water R by heating to
about 70°C. Cool and add I mL of bismuth suimitrate
solution R. A bright yellow precipitate is formed.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY, (2.2.2, Method 11).

Dissolve 1.0 g in ethanol (96 per cen,) R and dilute to 20 mL
with the same solvent.
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Chlorides (2.4.4)
Maximum 100 ppm.

To 1.65 g add 50 mL of waterR. Shake for 5 min. Filter.

Zinc
Maximum 25 ppm.

Atomic absorption spectrometry (2.2.23, Method II).

Test sohuion To 2.5 mL of me test solutionprepared as
described in general chapter 2.4.8 (method C) using 2.0 g of
the substance to be examined, add 2.5 mL of waterR.

Reference solutions Prepare the reference solutions using zinc
standard solution (10 ppm Zn) R, diluting with water R.

Source Zinc hollow-cathode lamp.
Wavelength 213.9 nm.
Atomisation device Air-acetylene flame.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, detennined on 1.0 g.

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (b).

Calculate the percentagecontent of C1oH120j taking into
account the assigned content of propylgallate for ID and
assayCRS.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impun'ties (thejollowing substanus would, if
present at a sufficient level, be detected by one or other of the tests
it, the monograph. Theyam It"mited by thegeneral aC«jJtanee
criterion for other/unspecified impun'ties and/or by thegeneral
monograph Substances far phannaceutical use (2034). It is
therefore not nuessary to identify these impun'ties for
demonstration of eompliana, See also 5.10. Control of impun·ties
in substances forpharmaceutical use) A.

Hoyyco,H

HO~
OH

A. 3,4,5-trihydroxybenzoic acid (gallic acid).
~~~~~~~~ Phf",

Propyl Hydroxybenzoate
Propylparaben

(Propyl Parahydroxybenzoate, Ph. Eur. monograph 0431)

o

d /'o..../CH3

I °
HO ""

94-13-3

Action and use
Antimicrobial preservative.

Propyl Hydroxybenzoate II-747

Phf" _

DEFINITION
Propyl -l-hydroxybenzoate.

Content
98,0 per cent to 102.0 per cent

CHARACTERS
Appearance
White or almost white) crystalline powder.

Solubility
Veryslightly soluble in water, freely soluble in ethanol
(96 per cent) and in methanol.

IDENTIFICATION
Firstidentification: A, B.
Second identification: A~ c.
A. Melting point (2.2.14): 96"C to 99 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Camparison propyl parahydroxybenzoate CRS.

C. Thin-layer chromatography (2.2.27).

Testsolution (a) Dissolve 0.10 g of the substance £0 be
examined in autone R and dilute to 10 mL with the same
solvent
Test sdution (b) Dilute I mL of test solution (a) to 10 mL
with acetone R.
Reference solution (a) Dissolve 10 mg of propyl
parahydroxybenzoate CRS in acetone R and dilute to 10 mL
with me same solvent.
Reference solution (b) Dissolve 10 mg of ethyl
parahydroxybenzoate CRS in I mL of test solution (a) and
dilute to 10 mL with acetone R.
Plate TLC oetadecy/si/yl silica gelPm plate R.
Mobile phase glacial acetic acid R) waterR, methanol R
(1:30:70 VIV/V).

ApplicatWn 2 ~L of lest solution (b) and reference
solutions (a) and (b).

Development Over 2/3 of the plate.

Drying In air.

Detection Examinein ultraviolet light at 254 run.
System suilabz7ity Reference solution (b):

- the chromatogram shows 2 clearly separated principal
spots.

Results The principal spot in the chromatogram obtained
with test solution (b) is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

TESTS
Solution S
Dissolve 1.0 g in ethanol (96 percent) R and dilute to 10 mL
with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, Method II).

Acidity
To 2 mL of solution S add 3 mL of ethanol (96 per cent) R,
5 mL of carbon dioxide-free waterR and 0.1 mL of bromocresol
green solution R. Not more than0.1 mL of 0.1 ~l sodium
hydroxide is required to change the colour of the indicator to
blue.

Related substances
Liquid chromatography (2.2.29).
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____________________ ""E<I

D. butyl 4-hydroxybenzoate (butyl parahydroxybenzoate).

B. methyl 4-hydroxybenzoate (methyl parahydroxybenzoate),

57-55-6

andenanUomer

76.1

(Ph. Eur. monograph 0430)

H OH

~OH
H,C

Propylene Glycol

Action and use
Excipient.

Preparation
Propylene Glycol Solution

DEFINITION
Propylene glycol is (RS)-propane-I,2-diol.

CHARACTERS
A viscous, dear, colourless, hygroscopic liquid, miscible with
waterand with ethanol (96 per cent).

IDENTIFiCATION
A. Relative density (see Tests).

B. Refractive index (see Tests).

C. Boiling point (2.2.12): 184"C to 189 "C.

D. To 0.5 mL add 5 mL of pyridine R and 2 g of finely
ground nirrobenzoyl chloride R. Boil for I min and pour into
15 mL of cold waterR with shaking. Filter, wash the
precipitate with 20 mL of a saturated solution of sodium
hydrogen carbonate R and then with waterR and dry. Dissolve

""E" _

A. 4-hydroxybenzoic acid,

r"yCOOH

HO~

in the monograph. They are limited by the general acceptance
criterion for oiherluaspedfied impurities and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B.J C, D.

C. ethyl 4-hydroxybenzoate (ethyl parahydroxybenzoate),

o

~O~CH'
HOV

o

~O/"o.CH'
HOV

Testsolution Dissolve 50.0 mg of the substance to be
examined in 2.5 mL of methanol R and dilute to 50.0 mL
with the mobile phase. Dilute 10.0 mLof Ibis solution to
100.0 mL with the mobile phase.

Reference solution (aJ Dissolve 5 mg of 4-hydroxybenzoic
acidR (impurity A), 5 mg of ethylparahydroxybenzoate R
(impurity C) and 5 mg of the substance to be examined in
the mobile phase and dilute to 100.0 mL with the mobile
phase. Dilute 1.0 mL of this solution to 10.0 mL with the
mobile phase.
Reference solution (b) Dissolve 50.0 mg of propyl
parahydroxybenzoate CRS in 2.5 mL of methanol R and dilute
to 50.0 mL with the mobile phase. Dilute 10.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.15 fit 0 = 4.6 mm,
- suuionary phase: end-capped octade<y/silyl SIlica gelfor

chromatography R (5 pm).

Mobile phase 6.8 gIL solution of potassium dihydrogen
phosphate R, methanol R (35:65 VIV).
FbYw rale 1.3 m1Jrnin.
Deiection Spectrophotometer at 272 nm.

Injection 10~ of the test solution and reference
solutions (a) and (c).

Run time 2.5 times the retention timeof propyl
parahydroxybenzoate.
Relative retention Withreference to propyl
parahydroxybenzoate (retention time :: about 4.5 min):
impurity A =about 0.3; impurity C = about 0.7.
System suitability Reference solution(a):
- resolution: minimum 3.0 between the peaksdue to

impurity C and propyl parahydroxybenzoate.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 1.4;
- impun·'Y A: not more than the area of the principal peak

in the chromatogram obtained withreference solution (c)
(0.5 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (c) (0.5 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained withreference solution (c)
(1.0 per cent);

- disregard limit: 0.2 times me area of the principal peak in
the chromatogram obtainedwith reference solution (c)
(0.1 per cent).

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solutionand reference solution (b).

Calculate the percentage content of CIOH I203 from the
declared content of propyl parahydroxyaenzoau CRS.

Lm>URITlES
Specified impurities A.
Otherdetectable impurities (thefo1lbwing substances would, if
present at a sufficient level, be deeecruJ by oneor other of the tests
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in boiling ethanol (80 per cem VIJ1 R and filter me hot
solution. On cooling, crystals are formed which, after drying
at 100-105 'C, melt (2.2. I</) at 121 'C to 128 'C.

TESTS
Appearance
It is clear (2.2.1) and colourless (2.2.2, Me/hod If).

Relative density (2.2.5)
1.035 to 1.040.

Refractive index (2.2.6)
1.431 to 1.433.

Acidity
To 10 mL add 40 mL of waterRand 0.1 mL of bromothymol
bluesolution Rl, The solution is greenish-yellow. Not more
than 0.05 mL of 0.11\1 sodium hydroxide is required to
change the colour of the indicator to blue.

Oxidising substances
To 10 mL add 5 mL of water R, 2 mL ofpotassium iodide
solution Rand 2 mL of dilute sulfun"c add R and allow to
stand in a ground-glass-stoppered flask protected from light
for 15 min. Titrate with 0.05 M sodium thiosulfate, using
1 mL of starch solution R as indicator. Not more man 0.2 mL
of O. 05 M sodium thiosulfate is required.

Reducing substances
To 1 mL add 1 mL of dilUle ammonia R1 and heat in a
water-bath at 60°C for 5 min. The solution is not yellow.
Immediately add 0.15 mL of 0.1 M silver nitrate and allow to
stand for 5 min. The solution does not change its
appearance.

Water (2.5.12)
Not more than 0.2 per cent, determined on 5.00 g by the
semi-micro determination of water.

Sulfated ash (2.4. I</)
Heat 50 g until it burns and ignite. Allow to cool. Moisten
the residue with sulfun'c acidR and ignite; repeat the
operations. The residue weighs not more than 5 mg
(0.01 per cent).

STORAGE
Store in an airtight container.
____________________ ""E"

Propylene Glycol Dicaprylocaprate 11-749

Secondidentification: A, B, C, E.
A. Refractive index (2.2.6): 1.439 to 1.442.

B. Relative density (2.2.5): 0.910 to 0.930.
C. Viscosity (2.2.9): 9 ml'a-s to 13 ml'a.s.

D. Composition of fatty acids (see Tests).
E. Saponification value (see Tests).

TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution BY6 (2.2.2,
Me/hodIf).
Acid value (2.5.1)
Maximwn 0.2.

Hydroxyl value (2.5.3, MethodA)
Maximum 10.

Iodine value (2.5.</)
Maximum 1.0.

Peroxide value (2.5.5, MethodA)
Maximum 1.0.

Saponlficadon value (2.5.6)
315 to 340.

Alkaline impurides
Dissolve 2.00 g of the substance to be examined in a mixture
of 1.5 mL of ethanol (96 per<en\> Rand 3.0 mL of ether R.
Add 0.05 mL of bromophenol blue solution R. Not more than
0.15 mL of 0.01 M hydrochloric acidis required to change the
colour of me indicator to yellow.

Composition of fatty acids
Gas chromatography (2.4.22, MethodC). Prepare reference
solution (a) as indicated in Table 2.4.22.-2.

Column:
- material: fused silica;
- size: 1= 30 m, '" = 0.32 mm;
- stationary phase: macrogol 20 000 R (film thickness

0.5 f1l11).

Carner gas heliumfor chromatography R.

Flaw rate 1.3 mllmin.
Split ratia 1:100.

Temperature:

Propylene Glycol Dicaprylocaprate
(Ph. Eur. monograph 2122)

Action and use
Excipient.

Column

Injection port

Detector

Th»o
(m1n)

0-1

1 - 35

35·50

Temperature
Cq
70

70 --> 240

240

2'0

2'0

""E" ---,- ~__

DEFINITION
Propylene glycol diesters of saturated fatty acids, mainly
caprylic (octanoic) acid and capric (decanoic) acid, of
vegetable origin.

CHARACTERS
Appearance
Almost colourless or light yellow, oily liquid.

Solubility
Practically insoluble in water, soluble in fatty oils and in light
petroleum, slightly soluble in anhydrous ethanol.

IDENTIFICATION
First identification: C, D.

Detection Flame ionisation.

Compositian of thefauy-acidfraction of the sub"an",:
- caproic acid: maximwn 2.0 per cent;
- caprylic acid: 50.0 per cent to 80.0 per cent;
- capric acid: 20.0 per cent to 50.0 per cent;
- lauric acid: maximum 3.0 per cent;
- myristic add: maximum 1.0 per cent.

Water (2.5.12)
Maximum 0.1 per cent, determined on 5.00 g.

Total ash (2.4.16)
Maximum 0.1 per cent, determined on 2.0 g.

STORAGE
Protected from light.
- PhE"
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PhE" _~ ~__~ _

DEFINITION
Mixture of propylene glycol «2RS)-propane-I,2-diol) mono­
and diesters of lauric (dodecanoic) acid.

Content
Minimum 70.0 per cent of diesters and maximum
30.0 per cent of monoesters.

CHARACTERS
Appearance
Clear, oily liquid at 20 °C, colourless or slightly yellow.

Solubility
Practically insoluble in water, very soluble in ethanol
(96 per cent), in methanol and in methylene chloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.1 g of the substance to be examined
in methylene chloride R and dilute to 2 mL with the same
solvent.

Reference solution Dissolve 0.1 g of propylene glycol
dilaurate CRS in methylene chloride R and dilute to 2 mL with
the same solvent.

Piau TIC ,ilicagelpiau R.
Mobile phase hexane R, ether R (30:70 VIV).

Application I0 ~L.

Development Over a path of 15 em.
Drying In air.
Detection Spray with a 0.1 gIL solution of rhodamine 6 G R
in ethanol (96 percenv R and examine in ultraviolet light at
365 nrn.
Results The spots in the chromatogram obtained with the
test solution are similar in position to those in the
chromatogram obtained with the reference solution.
B. Composition of fatty acids (see Tests).
C. It complies with the assay (content of diesters).

TESTS
Acid value (2.5.1)
Maximum 4.0, determined on 5.00 g.

Iodine value (2.5.4, MethodA)
Maximum 1.o.
Saponification value (2.5.6)
230 to 250.

Composition of fatty acids (2.4.22, Method C)
Use the mixtureof calibrating substances in Table 2.4.22.-2.
Composition of thefatlY acidfraction of the substance:
- caprylic acid: maximum 0.5 per cent;
- capric acid: maximum 2.0 per cent;
- lauric acid: minimum 95.0 per cent;
- myristic acid: maximum 3.0 per cent;
- palmitic acid: maximum 1.0 per cent.

Free propylene glycol
Maximum 2.0 per cent, determined as prescribed under
Assay.

Water (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g. _____________~ PfJEur

fA x 200

56.11 x 10

(IOO-A-B)
y

X+y

IA acidvalue (see Tests);
200 rounded molar massof lauric acid, in grams per mole;
56.11 molar massof potassium hydroxide,in grams permole.

- free fatty acids: calculatethe percentage content of free
fatty acids (D) using the following expression:

CxM
mx 10

Total ash (2.4.16)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Size-exclusion chromatography (2.2.30).

Srock sdution Introduce 0.100 g of propylene glycol R into a
flask and dilute to 25.0 mL with tnrahydtcfuran R.

Test sdution In a 15 mL flask, weigh 0.200 g (m).
Add 5.0 mL of tetrahydrofuran R and shake to dissolve.
Reweigh the flaskand calculate the totalmass of solvent and
substance (M).

Reference solutions Into four 15 mL flasks, introduce
respectively 0.25 mL, 0.5 mL, 1.0 mL and 2.5 mL of stock
solution and add 5.0 mL of wrahydrofuran R. Weigh each
flask and calculate the concentration of propylene glycol in
milligrams per gram for each reference solution.
Column:
- size: 1= 0.6 m, 0 = 7 mm,
- stationary phase: scyrene-di'vinylbenzene copolymer R (5 J.Im)

with a pore size of 10 om.

Mobile phase tetrahydrofuran R.

Flow rate 1 mUmin.
Detection Differential refractometer.
lnjution 40 J.IL.

Relative retention With reference to propylene glycol:
diesters =about 0.85; monoesters =about 0.90.
Calculations:
- free propylene glyw/: from the calibration curve obtained

with the reference solutions, determine the concentration
of propylene glycol (C) in milligrams per gram in the test
solution and calculate the percentage content of free
propylene glycol (A) in the substance to be examined
using the following expression:

[~ (IOO-A-Bl]-DX+Y

- monoesters: calculate the percentage content of monoesters
using the following expression:

A percentage contentof freepropylene glycol;
B percentage contentof water (see Tests);
D percentage contentof freefatty acids;
X area of the peakdue to moooesrersand freefatty acids;
Y areaof thepeakdue to diesters.

- diesters: calculate the percentage content of diestersusing
the following expression:

STORAGE
Protected from moisture.

**** ** ** ****

Propylene Glycol Dilaurate
(Ph. Eur. monograph 2087)

Action and use
Excipient.
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DEFINITION
Mixture of propylene glycol «2RS)-propane-I,2-diol) mono"
and diesrers of lauric (dodecanoic) acid.

Content
- propylene glycol monolaurate (type1): 45.0 per cent to

70.0 per cent of monoesters and 30.0 per cent to
55.0 per cent of diesrers,

- propylene gl:ycol monolaurate (type I/): minimum
90.0 per cent of monoesters and maximum 10.0 per cent
of diesters.

CHARACTERS
Appearance
Clear, oily liquid at 20 "C, colourless or slightly yellow.

Solubility
Practically insoluble in water, very soluble in ethanol
(96 per cent), in methanol and in methylene chloride.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.1 g of the substance to be examined
in methylene chloride R and dilute to 2 mL with the same
solvent.

Reference solution Dissoive O. I g of propylene glycol
monolaurate CRS in methylene chloride R and dilute to 2 mL
with the same solvent.

Plate TLC silica gelplate R.
Mobile phose hexane R, ether R (30:70 VIJI).

Application 10 ~L.

Development Over a path of 15 em.

Drying In air.

Delation Spray with a 0.1 gIL solution of rhodamine 6 G R
in ethanol (96 percent) R and examine in ultraviolet light at
365 DID.

Results The spots in the chromatogram obtained with the
test solution are similar in position to those in the
chromatogram obtained with the reference solution.

B. Composition of fatty acids (see Tests).
C. It complies with the assay (content of monoesters).

TESTS
Acid value (2.5.1)
Maximum 4.0, determined on 5.00 g.

Iodine value (2.5.4, MethodA)
Maximum 1.0.

Saponification value (2.5.6)
210 ro 245 for propylene glycol monolaurate (type I) and
200 to 230 for propylene glycol monolaurate (type 11).

Composition of fatty acids (2.4.22, Merhod C)
Use the mixture of calibrating substances in Table 2.4.22.-2.

Composition of thejally acidfraction oj the substance:
- caprylic acid: maximum 0.5 per cent;
- capric acid: maximum 2.0 per cent;
- lauric acid: minimum 95.0 per cent;
- myristic acid: maximum 3.0 per cent;
- palmitic acid: maximum 1.0 per cent.

2022

Propylene Glycol MonoJaurate
(Ph. Eur. monograph 1915)

Action and use
Excipient.

***• •
* *
*****

Propylene Glycol Monolaurate II-7SI

Free propylene glycol
Maximum 5.0 per cent for propylene glycol monoIaurate
(type I) and maximum 1.0 per cenr for propylene glycol
monolaurate (type 11), determined as prescribed under Assay.

Waler (2.5.12)
Maximum 1.0 per cent, determined on 1.00 g.

Toral ash (2.4.16)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Size-exclusion chromatography (2.2.30).

Stock solution Introduce 0.100 g of propylene glycol R into a
vial and dilute to 25.0 mL with tetrahydro/uran R.
Test solution In a 15 mL flask, weigh 0.200 g (m).
Add 5.0 mL of tetrahydro/uran R and shake to dissolve.
Reweigh the flask and calculate the total mass of solvent and
substance (1\1).

Reference solutions Into four 15 mL flasks, introduce
respectively 0.25 mL, 0.5 mL, 1.0 mL and 2.5 mL of stock
solution and add 5.0 mL of tetrohydro/uran R. In a fifth
15 mL flask, introduce 5.0 mL of stock solution. Weigh each
flask and calculate the concentration of propylene glycol in
milligrams per gram for each reference solution.

Column:
- size: I = 0.6 m, 0 = 7 mm;
- stationary phase: styrene-diuinylbenzene copolymer R (5 IJm)

with a pore sizeof 10 om.
MoMe phase tetrahydrofuran R.
Flow rale I mUmin.

Dueaion Differential refractometer.

lnjeaion 40 ~L.

Relative retention With reference to propylene glycol:
diesrers = about 0.85j monoesters = about 0.90.

Calculations:
- free propylene glycol: from rhe calibration curve obtained

with the reference solutions, determine the concentration
of propylene glycol (C) in milligrams per gram in rhe test
solution and calculate the percentage content of free
propylene glycol (A) in rhe substance ro be examined
using the following expression:

CxM
mx 10

- free jatly acids: calculate the percentage content of free
fatty acids (D) using the following expression:

I A x 200

56.11 x 10

fA acid value{seeTeses),
200 rounded molar mass of lauric acid, in grams per mole;
56.J I molar mass of potassium hydroxide, in grams per mole.

- monoesters: calculate the percentage content of monoesters
using the following expression:

[~ (IOO-A-Bl]-DX+Y

A percentage content of free propylene glycol;
B percentage content of water (see Tests);
D percentage content of free fatty acids;
X area of the peak due to rncnoesters and free fatty acids;
Y area of the peak due to diesters.

- diesters: calculate the percentage content of diesters using
the following expression:
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PhE" _

_____________________ PhE"

Action and use
Excipient

CxM
mx 10

- free jally acids: calculate the percentage content of free
fatty acids (D) using the following eapression:

IA x 270
56.11 x 10

[~ (IOO-A-Bl]-D
X+Y

Total ash (2.4.16)
Maximum 0.1 per cent.

ASSAY
Size-exclusion chromatography (2.2.30).

Test solution In a 15 mL flask, weigh 0.200 g (m).
Add 5.0 mL of tetrahydrofuran R and shake to dissolve. Heat
gently, if necessary. Reweigh the flask and calculate the total
mass of solventand substance (M).

Reference solutions In four 15 mL flasks, weigh respectively
2.5 mg, 5.0 mg, 10.0 mg and 20.0 mg of propylene glycol R.
Add 5.0 mL of tetrahydrofuran R and shake to dissolve.
Weigh the flasks againand calculate the concentration of
propylene glycol in milligrams per gram for each reference
solution.

Column:
-,size: 1= 0.6 m, 0 = 7.5 mm;
- sratiotlary phase: styrene-divinylbenzene copolymer R (5 urn)

with a pore size of 10 nm.

Mobile phase tetrahydrofuran R.

Flow rate I mUmin.
Deteaion Differential refractometer.

IrIi"tion 40 ~L.

Relative retention With reference to propylene glycol:
diesters = about 0.78; monoesters =about 0.84.
Calculations:
- free propylene glycol: from the calibration curve obtained

with the reference solutions, determine the concentration
of propylene glycol (C) in milligrams per gram in the test
solution and calculate the percentage content of free
propylene glycol (A) in the substance to be examined
using the following expression:

JA acidvalue (see Tests);
270 average roundedmolarmass of palmitic acid and stearicacid, in

gramsper mole;
56.11 molar mass of potassium hydroxide, in gramsper mole.

- monoesters: calculate the percentage content of monoesters
using the following expression:

A percentage content of free propylene glycol;
B percentage content of mice (see Tests);
D percentage contentof free ranyacids;
X areaof the peak due to rnonoesrers and freefatty acids;
Y areaof the peak due to diesters.

STORAGE
Protected from light.
~ PhE"

(IOO-A-B)
y

x+y

STORAGE
Protected from moisture.

DEFINmON
Mixture of propylene glycol «2RS)-propane-I,2-diol) mono­
and diesters of palmitic (hexadecanoic) and stearic
(octadecanoic) acids, produced by the condensation of
propylene glycol and stearic acid 50 of vegetable or animal
origin (see Stearic acid (1474).

Content
Minimum 50.0 per cent of monoesters.

CHARACTERS
Appearance
White or almostwhite, waxy solid.

Solubility
Practically insoluble in water, soluble in acetone and in hot
ethanol (96 per cent).

IDENTIFICATION
A. Melting point (see Tests).

B. Composition of fatty acids (see Tests).

C. It complies with the assay (contentof monoesters).

TESTS
Melting point (2.2.15)
33 'C to 40 'C.

Acid value (2.5.1)
Maximum 4.0.

Iodine value (2.5.4)
Maximum 3.0.

Saponification value (2.5.6)
170 to 185, determined on 2.0 g.

Composition of fatty acids (2.4.22, MethodA)
Composition of 'he fatty-acid fraction of 'he rubstance:
- stearic acid: 40.0 per cent to 60.0 per cent;
- sum of contents of palmiu'c acidand stearU acid: minimum

90.0 per cent.

Free propylene glycol
Maximum 5.0 per cent, determined as prescribed under
Assay.

Water (2.5.1t)
Maximum 1.0 per cent, determined on 1.00 g. Use a mixture
of equal volumes of methanol R and methylene chloride R as
the solvent.

LABELLING
The label states the type of propylene glycol monolaurate
(type I or type II).

Propylene Glycol
Monopalmitostearate
Propylene Glycol Monostearate
(ph. Bur. monograph 1469)
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(Ph. Bur. monograph 0525)

PhE" _

**** ** *
*****

479-92-5230.3

Reference solution (c) Dilute 1 mL of test solution (a) to
100 mL with methanol R.
Apply separately to the plate 10 ilL of each solution. Develop
over a path of 15 cm using a mixture of 0.1 volumes of
glacial acetic acidRJ 6 volumes of 2-propanol Rand
50 volumes of chloroform R. Allow the plate to dry in air.
Examine in ultraviolet light at 254 om. Expose the plate to
iodine vapour for 10 min. In the chromatogram obtained
with test solution (a), any spot corresponding to impurity A
is not more intense than me spot in the chromatogram
obtained with reference solution (b) (0.05 per cent) and any
spot apart from the principal spot and any spot
corresponding to impurity A is not more intense than the
spot in the chromatogram obtained with reference
solution (c) (1.0 per cent).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 "C.

Sulfated ash (2.4. /4)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
To 0.300 g add 30 mL of water Rand 30.0 mL of O. / M
sodium hydroxide. Boil and shake until dissolution is complete.
Add 50 mL of O. / M silver nitrate while stirring, boil gently
for 5 min and cool. Titrate with 0.1 ,N[ sodium hydroxide,
determining the end-point potentiometrically (2.2.20).
The volume of 0.1 M sodium hydroxide used is equal to the
sum of the volwne added initially and the volume used in the
final titration.

1 mL of 0.1 M sodium hydroxide is equivalent to 8.511 mg of
C7H ,oNzOS.

STORAGE
Store protected from light.

IMPURITIES

A. thiourea.

(ph. Bur. monograph 0636)

Propyphenazone

_____________________ PhE"

PhE" ~ _

Action and use
Pyrazolone analgesic.

DEFINITION
1,5- Dimethyl-2-phenyl-4-(propan-2-yl)-1,2-dihydro-3H­
pyrazol-3-one.

5/-52-5170.2

H
H3C~NyS

~NH
o

C,H,oN,OS

Action and use
Thiourea antithyroid drug.

Preparation
Propylthiouracil Tablets

DEFINITION
Propylthiouracil contains not less than 98.0 per cent and not
more than the equivalent of 100.5 per cent of 2,3-dihydro-6­
propyl-2-thioxopyrimidin-4(1H)-one, calculated with
reference to the dried substance.

Propylthiouracil

CHARACTERS
White or almost white, crystalline powder or crystals, very
slightly soluble in water, sparingly soluble in alcohol.
It dissolves in solutions of alkali hydroxides.

IDENTIFICATION
First identification: A, B.
Second identification: A, C, D.
A. Melting point (2.2./4): 217·C to 221 ·C.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
propylthicuradl CRS. Examine as discs prepared using 1 mg
of substance and 0.3 g of potassium bromide R.
C. Examine the chromatograms obtained in the test for
impurity A and related substances in ultraviolet light at
254 run before exposure of the plate to iodine vapour.
The principal spot in the chromatogram obtained with test
solution (b) is similar in position and size to the principal
spot in the chromatogram obtained with reference
solution (a).

D. To about 20 mg add 8 mL of bromine waterR and shake
for a few minutes. Boil until the mixture is decolourised,
allow to cool and filter. To the filtrate add 2 mL of barium
chloride solution Rl. A white precipitate is formed whose
colour does not become violet on the addition of 5 mL of
dilute sodium hydroxide solution R.

TESTS
Impurity A and related substances
Examine by thin-layer chromatography (2.2.27), using a
TLC silica gel GFzs< plate R.
Test solution (a) Dissolve 0.1 g of the substance to be
examined in meihand R and dilute to 10 mL with the same
solvent.

Testsolution (b) Dilute I mL oftest solution (a) to 10 mL
with methanol R.
Reference solUl",n (a) Dissolve 10 mg of propylthiouracil CRS
in methanol R and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 50 mg of thiourea R in
methanol R and dilute to 100 mL with me same solvent.
Dilute 1 mL of this solution to 100 mL with methanol R.
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Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellowish) crystalline powder.

Solubility
Slightly soluble in water, freely soluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
First identification: A, B.
Second identification: A, C, D.

A. Melting point (2.2.14): 102 °C to 106 °C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison propyphenazone CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 80 mg of the substance to be
examined in methanol R and dilute {Q 5 mL with the same
solvent.

Reference solution Dissolve 80 mg of propyphenazone CRS in
methanol R and dilute to 5 mL with the same solvent.
Plat< TLC silica gelF2S4 plat< R.
Mobile phase butanolR, cyclohexane R, ethyl acetat< R
(10:45:45 VIVII').

Application 5 ~L.

Development Over 2/3 of the plate.

Drying In a current of hot air for 15 min.
Detection Examine in ultraviolet light at 254 om.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with the
reference solution.
D. To I mL of solution S (see Tests) add 0.1 mL offeme
chloride solution Rl. A brownish-red colour appears which
becomes yellow on addition of I mL of dilut< hydrochlori<
acidR.

TESTS
Solution S
Dissolve 2 g in a mixture of equalvolumes of carbon dioxide­
free waterR and ethanol (96 pet cent) R and dilute to 50 mL
with the same mixture of solvents.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or alkalinity
To 10 mL of solution S add 0.1 coL of phenolphthalein
solution R. The solutionis colourless. Add 0.2 mL of a
0.40 gIL solution of sodium hydroxide R; the solutionbecomes
pink. Add 0.4 mL of a 1.03 giL solution of hydrochlori<
acidR; the solution becomes colourless. Add 0.2 rnL of
methylredsolution Rj the solutionbecomes orange or red.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 20.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve I mg of phenazone R
(impurity A) in the mobile phase, add I mL of the test
solution and dilute to 10 mL with the mobilephase.

2022

Column:
- size: I::: 0.25 m, '" ::: 4.0 mm;
- stationary phase: end-capped octylsilyl silica gelfor

chromatogrophy R (5 urn).

Mob/7e phase Dissolve 13.7 g of potassium dihydrogen
phosphate R in 900 mL of water for chromatography R, adjust
to pH 5.2 withdtlute sodium hydroxide solution R and dilute to
1000 mL with waterfor chromatography R. Mix 60 volumes of
me solution and 40 volumes of acetonitrile RI.
Flowrale 1.2 mUmin.
Detection Spectrophotometer at 210 run.
Injection 20 ~L

Run time 4 times the retention time of propyphenazone.
Identification oj impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity A.

Relative retention With reference to propyphenazone
(retention time::: about 7 min): impurity A = about0.4.
System suitability Reference solution (b):
- resolution: minimum 4.0 between thepeaksdue to

impurity A andpropyphenazone.
Limits:
- unspecified impunties: for each impurity) not more than the

area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 percent);

- total: not more than twicethe area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 pet cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent)determined on 1.000 g by drying ill
vacuo at 60°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 percent) determined on 0.5 g.

ASSAY
Dissolve 0.175 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchkm'c acid, determining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M perchloric acidis equivalent to 23.03 mg of
C 14,H 1SN20.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be deuaed by oneOr other of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impuriries and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
therefore not neassary to identify these impun'ties for
demonstration of camp/ianee. See also 5.10. Con..01 of impurities
in substances for phannaautical use) A... B, C.

A. 1,5-dimethyl-2-phenyl-I,2-dihydro-3H-pyrazol-3-one
(phenazone),
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B. 5-methoxy-3-methyl-I-phenyl-4-(propan-2-yl)-IH­
pyrazole,

C. 1,5-dimethyl-4-[(2RSJ-4-methylpentan-2-yl]-2-phenyl-I,2­
dihydro-3H-pyrazol-3-one.

~ ~~~~~ ~~~_PhE"

Protamine Sulfate
Protamine Sulphate

(Ph. Eur. mcmograph 0569)

9009-65-8

Action and use
Antidote to heparin.

Preparadon
Protamine Sulfate Injection

PhE" ~~~ ~_~_

DEFINITION
Sulfated forms of basic peptides, comprising 4 major
chemical species, extracted from me sperm or roe of
Salmoni'dae. It binds with heparin in solution, inhibiting its
anticoagulant activity; under the conditions of the potency
assay this binding gives rise to a precipitate.

Content
90.0 per cent to 110.0 per cent (dried, sulfuric acid-free
substance).

Potency
1 mg of protamine sulfate precipitates not less than 100 IV
of heparin (dried substance).

PRODUcnON
The animals from which protamine sulfate is derived must
fulfil the requirements for the health of animals suitable for
human consumption.

CHARACTERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Examine the chromatograms obtained in the test for
related substances and calculate individually the relative
amounts of protamine peptides A, B, C and D.

Results:
- the principal peaks in the chromatogram obtained

with the test solution (protamine peptides A to D) are

Protamine Sulfate 11-755

similar in retention time to the principal peaks in the
chromatogram obtained with reference solution (a);

- protamine peptide A content: 13-18 per cent;
- protamine peptide B content: 21-28 per cent;
- protamine peptide C content: 31-38 per cent;
- protamine peptide D content: 19-24 per cent.

B. It gives the appropriate response when examined as
described in the potency assay.

C. It complies with the test for sulfate (see Tests).

TESTS
Solution S
Dissolve 0.20 g in water R and dilute to 10.0 mL with the
same solvent.

Appearance of solution
The solution is not more opalescent than reference
suspension Il (2.2.1) and not more intensely coloured than
reference solution BY6 or Y6 (2.2.2, l'tlelhod II).

To 2.5 mL of solution S add 7.5 mL ofwaltr R.

Absorbance (2.2.25)
Maximum 0.1 between wavelengths of 260 nm and 280 run.

Dilute 2.5 mL of solution S to 5.0 mL with wafer R.

Itelated sllbst~ces

Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dissolve 30 mg of the substance to be
examined in 400 ~L ofa 618 WL solution of hydrochiotic
acid R and dilute to 100.0 mL with a 1.03 WL solution of
hydrochloric acidR.
Reference solution (a) Dissolve the contents of a vial of
protamine sulfalt eRS in 40 ~L of a 618 WL solution of
hydrochloric acid R and dilute to 10.0 mL with a 1.03 WL
solution of hydrochloric acidR.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with a 1.03 WL solution of hydrochloric acidR.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped solid cere octadecy/si{yl silica gel

for chromategraplry R (3.6 um),
- temperature: 45°C.

Mobile phase:
- mobile phaseA: trifluoroautkadd R, acetonitrile Rt, water

forchromatagraphy R (0.1:5:95 VIVIV); degas;
- mobile phaseB: trijluoroacetic add R, acetonitrile R1J water

for chromategraplry R (0.1:50:50 VIVIV); degas;

Thne Mobile phase A Mobile phase B
(min) (per cent VI11 (per cent V/J1
0-2 95 ,
2 - 17 95 ..... 80 5 ..... 20

17 - 17.2 80 ..... 20 20 ..... 80

17.2·20 20 80

Flcw rate 1.5 mlJmin.

Detection Spectrophotometer at 210 run.
Autosampler Set at 5°C.

Injection 30 ~L.

Relativeretention With reference to protamine peptide A
(retention time =about 9-13 min): protamine
peptide B:::: about 1.05j protamine peptide C = about 1.10;
protamine peptide D = about 1.15.
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PhE.. ~ _

Protirelin

24305-27-9362.4

Potency
Test solution (a) Dissolve 15.0 mg of the substance to be
examined in waterR and dilute to 100.0 mL with the same
solvent.

Test solution (b) Dilute 2.0 mL of test solution (a) to
3.0 mL with water R.

Test sdution (c) Dilute 1.0 mL of test solution (a) to
3.0 mL with water R.

Use as titrant a 6-fold dilution of heparin sodium BRP in
waterR (for example, 1.7 mL diluted to 10.0 mL with
waterR). Titrate each test solution in duplicate as follows:
introduce an accurately measured volume of the solution to
be titrated, for example 1.5 ml., into the cell of a suitable
colorimeter and set the apparatus for measurement at a
suitable wavelength (none is critical) in the visible range.
Add the titrant in small volumes untill:here is a sharp
increase in the absorbance and note the volume of titrant
added.

Carry out 3 independent assays. For each individual titration,
calculate the number of International Units of heparin in the
volume of titrant added at the end-point per milligram of the
substance to be examined. Calculate the potency of the
substance as the average of the 18 values. Test the linearity
of the response by the usual statistical methods (for example,
5.3). Calculate the 3 standard deviations for the results
obtained with each of the 3 test solutions. Calculate the
3 standard deviations for the results obtained with each of
the 3 independent assays. The assay is not valid unless each
of the 6 standard deviations is less than 5 per cent of the
average result.

STORAGE
In an airtight, tamper-evident container. If the substance is
sterile, store in a sterile, airtight, tamper-evident container.
_____________________ PhEw

Action and use
Thyrotrophin-releasing hormone.

(ph. Bur. monograph 1144)

DEFINITION
5-0xo-L-prolyl-L-histidyl-L-prolinamide.

Synthetic tripeptide with the same sequence of amino acids
as the natural hypothalamic neurohormone, whichstimulates
the release and synthesis of thyrotropin.

Content
97.0 per cent to 102.0 per cent (anhydrous and acetic acid­
free substance).

100- (rA+rB+rc+rD X 100)
. rT

Limit:
- total: maximum 8.0 per cent;
- reporting threshold: 0.5 per cent.

Sulfate
16 per cent to 24 per cent.(dried substance).

Dissolve 0.150 g in 15 mL of dis.lled water R in a beaker.
Add 5 mL of dl1ute hydrochlori< add R. Heat to boiling and
slowly add to the boiling solution 10 mL of a 100 gIL
solution of barium chloride R. Cover the beaker and heat on a
water-bath for 1 h. Filter. Wash the precipitate several times
with small quantities of hot waterR. Dry and ignite the
residue at 600 ± 50 °C to constant mass.

1.0 g of residue is equivalent to 0.4117 g of S04.

Iron (2.4.9)
Maximum 10 ppm.

Dissolve 1.0 g with heating in water R and dilute to 10 mL
with the same solvent.

Loss on drylng (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

ASSAY

Protein
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

lnjution Test solution and reference solution (a).

System sm'tability Reference solution (a):
- repeaUlbility: maximum relative standard deviation of

2.0 per cent for the total area of the peaks above the
reporting threshold with a relative retention with reference
to protamine peptide A of 0.80-1.30, determined on
6 injections.

Calculate the percentage content of protamine from the areas
of all peaks above the reporting threshold with a relative
retention with reference to protamine peptide A of 0.80-1.30,
taking into account the assigned content of protamine
sulfateCRS.

System suitability:
- the 4 principal peaks (protamine peprtdes A to D) are

eluted between 8 min and 16.5 min in the chromatogram
obtained with reference solution (a);

- resolution: minimum 2.0 between each of the adjacent
principal peaks in the chromatogram obtained with
reference solution (a);

- signal-to-noise ratio: minimum 10 for the peak due to
protamine peptide A in the chromatogram obtained with
reference solution (b);

- symmetry factor. maximum 1.8 for the peak due to
protamine peptide A, maximum 1.5 for the peak due to
protamine peptide BJ maximum 2.5 for the peak due to
protamine peptide C and maximum 2.2 for the peak due
(Q protamine peptide D in the chromatogram obtained
with reference solution (a).

Calculate the percentage content of related substances using
the following expression (use me vertical drop approach for
integration):

'A-D areas of the peaks due to protamine peprides A to D;
'T sum of me areas of all peaks in the chromatogram.
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CHARACTERS
Appearance
White or yellowish-white powder, hygroscopic.

Solubility
Very soluble in water, freely soluble in methanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison protireNn CRS.

B. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with the
reference solution.

TESTS
Appearance of solution
A 10 gIL solution is clear (2.2.1) and not more intensely
coloured than reference solution Y5 (2.2.2) JWethod II).

Specific optical rotation (2.2.7)
-62 [Q -70 (anhydrous and acetic acid-free substance).

Dissolve 10 mg in 1.0 mL of waterR.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 5.0 mg of the substance to be
examined in mobile phase A and dilute to 5.0 mL with
mobile phase A.

Reference solution (a) Dissolve the contents of a vial of
o-His-prourelin CRS in an appropriate volume of mobile
phase A to obtain a concentration of 1 mglmL.
Mix equal volumes of this solution and the test solution.

Reference solution (b) Dilute 0.2 mL of the test solution to
10.0 mL with mobile phase A.
Column:
- size: I:::: 0.25 m, 0 :::: 4.0 mm,
- stationary phase: spherical octadecylsilyl silica gelfor

chromatography R (5 urn) with a pore size of 12 om.

Mobile phase:
- mobile phase A: a mixture of 100 mL of acetonitrile for

chromatography R, 1900 mL of waterR and 2.0 g of
sodium oaanesulfonate R, containing 2.5 mUL of
'tetraethylammonium hydroxide solution R; adjust to pH 3.5
with phospho"c add R,

- mobile phaseB: a mixture of 300 mL of acetonitrile for
chromategraphy R, 1700 mL of waterRand 2.0 g of
sodium ocumesalfonate R, containing 2.5 mlJL of
tetraethylammonium hydroxide solution R; adjust to pH 3.5
with phosphon·c acid R,

Tim. MobUe phase A Mobile phase B
(min) (per cent VIJI) (per cent VIJI)

0-30 74 -> 41 26...,. 59

30 - 35 41 ...... 74 59 -> 26

35 - 50 74 26

Flow rate 1 mUmin.

Detection Spectrophotometer at 210 nm.

Injection 10 ~L.

Relative retention With reference to protirelin (retention
time =about 18 min): impurity C =about 0.2;
impurity D = about 0.68; impurity A = about 0.91;
impurity B =about 0.95; impurity E =about 1.08.

Protirelin 11-757

System suitability Reference solution (a):
- resohuion: minimum 2.5 between the peaks due to

impurity A and protirelin,
- symmetry factor. 0.9 [Q 1.2 for the peak due to protirelin.

Limits:
- any impuritY: for each impurity, not more than the area of

the principal peak in the chromatogram obtained with
reference solution (b) (2 per cent),

- total: not more than 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (3 per cent),

- disregard limit: 0.05 times the area of me principal peak in
the chromatogram obtained with reference solution (b)
(0.1 per cent).

Acetic acid (2.5.34)
Maximum 2.0 per cent.

Test solution Dissolve 40.0 mg of the substance to be
examined in a mixture of 5 volumes of mobile phase Band
95 volumes of mobile phase A and dilute lO 10.0 mL with
the same mixture of solvents.

Water (2.5.12)
Maximum 7.0 per cent, derermined on 0.200 g.

Bacterial endotoxin. (2.6.14)
Less than 0.7 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Reference solution Dissolve the contents of a vial of
prot;relin CRS in an appropriate volume of mobile phase A to
obtain a concentration of 1.0 mglrnL.

Calculate the content of protirelin (Cl6H22N604) using the
peak areas of the chromatograms obtained with the test
solution and lhe reference solution and the declared content
of C16H22N604 in proh'relin CRS.

STORAGE
In an airtight container, protected from light at a temperature
of 2 °C to 8°C. If the substance is sterile, store in a sterile,
airtight, tamper-evident container.

LABELLING
The label states the mass of peptide in the container.

IMPURITIES
Specified impumies A, B, G, D, E.

A. 5-0xo-L-prolyl-D-histidyl-L-prolinamide,
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B. 5-0xo-D-prolyl-L-histidyl-L-prolinamide,

C. 5-0xo-L-prolyl-L-histidine,

o
)--t:/H 0 H
~" ~0N-\:co,H

H[ H" U
£i

~

IDENTIFICATION
A. Dissolve 0.1 gin 10 mL of water, makealkaline with
1M sodium hydroxide, extract with 5 mL of chloroform, dry
with anhydrous sodium sul/au and evaporate the solvent using
a current of nitrogen. The infrared absorption spectrum of the
oily residue, Appendix II A, is concordant with the reference
spectrum of protriptyline (RS 301).

B. Yields reaction A characteristic of chlorides, Appendix VI.

TESTS
Acidity
pH of a 1%wlv solution, 5.0 to 6.5, Appendix V L.

Loss on drying
When dried to constantweightat 600 at a pressure not
exceeding 0.7 kPa, loses not more than 0.5% of its weight.
Use 1 g.

Sulfated ash
Not more than 0.1%, Appendix IX A.

ASSAY
Carry out Method I for non-aqueous uiration,
AppendixvmA, using 0.7 g and crystal violetsolution as
indicator. Each mL of O.lMpercbtoric acid VS is equivalent to

29.98 mg ofC19H2IN,HCI.

Proxymetacaine Hydrochloride
D.S-OXo-L-prolyl-L-histidyl-L-proline,

1'"' 0HNh r
<e H"-Yp'HN ,

it
o C1.,H,,,N,O,HCl 330.9

,HCI

5875-06-9

E. (3S,8aS)-3-(IH-imidazol-4-ylmethyl)
hexahydropyrrolo[1,2-a]pyrazine-l,4-dione (cyclo(-L­
hisridyl-r-prolyl-».

___________________ PhE"

Action and use
Local anaesthetic.

Preparation
Proxymetacaine Eye Drops

Protriptyline Hydrochloride

~
~~" ,HCI

NHMe

DEFINITION
Proxymetacaine Hydrochloride is 2-diethylaminoethyl
3-amino-4-propoxybenzoate hydrochloride. It containsnot
less than 98.0% and not more than 102.0%of C16H2~20J'
HCl, calculated with reference to the dried substance.

CHARACTERISTICS
A white or almostwhite, crystalline powder.
Soluble in water; verysolublein absolute ethanol; practically
insoluble in ether;

Action and use
Monoamine reuptake inhibitor; tricyclic antidepressant.

CHARACTERISTICS
A white to yellowish whitepowder.
Freely soluble in waterand in ethanol (96%); practically
insoluble in ether.

DEFINITION
Protriptyline Hydrochloride is 3-(5H-dibenzo[a,d1cyclohept­
5-yl)propyl(methyl)amine hydrochloride. It contains not less
than 99.0% and not more than 101.0% of C19H21N,HCI,

calculated with reference to the dried substance.

IDENTIFICATION
A. The light absorption, Appendix II B, in the range 220 to
350 om of a 0.002% wlv solution exhibits three maxima, at
231,268 and 310 om. The ahsorbances at the maxima at
268 nm and at 310 nm are about 0.58 and about 0.32,
respectively.
B. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of proxymetacaine
hydrochloride (RS 303).

C. A 5% wlv solution yields the reaction characteristic of
primaryaromatic amines and the reactions characteristic of
chlorides, Appendix VI.

1125-55-4299.8
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STORAGE
Prcxymetacaine Hydrochloride should be protected from
light.

603-00-9

and enantiomer

238.2

H OH

HC ~O '-\CH,
3 'N N

A I>
o N N

I
CH,

(ph. Bur. monograph 0526)

CHARACTERS
A white or almost white,crystalline powder, verysoluble in
water, soluble in alcohol.

IDENTIFICATION
First identlfication: B, C.
Second identification: A, C, D.
A. Melting point (2.2.1<f): 134 "C 10 136 "C.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
proxyphylline CRS. Examine the substances as discs prepared
using 0.5 mg to 1 mgof the substance to be examined in
0.3 g of potassium bromide R.

C. Dissolve I g in 5 mL of acetic anhydride R and boil under
a reflux condenserfor 15 min. Allow to cool and add
100 mL of a mixture of 20 volumes of ether Rand
80 volumes of light petroleum R. Cool in iced water for at
least 20 min, shaking from time to time. Filter, wash the
precipitate with a mixture of 20 volumes of ether Rand
80 volumes of light petroleum R, recrystallise from alcohol R
and dry in vacuo. The crystals melt (2.2.1<f) at 87"C 10

92 "C.

D. It gives the reaction ofxanthines (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

Acidity or alkalinity
To 10 mL of solution S add 0.25 mL of bromathymol blue
solution RI. The solution is yellow or green. Not more than
0.4 mL of 0.01 M sodium hydroxide is required to change the
colour of the indicator to blue.

Proxyphylline

DEFINmON
Proxyphylline contains not less man 98.5 per cent and not
more than the equivalent of 101.0 per cent of 7-[(2RS)-2­
hydroxypropyl]-I,3-dimethyl-3,7-dihydro-IH-purine-2,6­
dione, calculated with reference to the driedsubstance.

Action and use
Non selectivephospho-diesterase inhibitor; treatment of
reversible airways obstruction.

TESTS
Acidity
pH of a 1% wlv solution, 5.7 to 6.4, Appendix V L.

Related substances
A. Carry out the method for thin-layer chromatography,
Appendix m A, using the followingsolutions of the
substance being examined in methanol.
(1) 2.0%wlv of the substance being examined.
(2) 0.020% wlv of the substance being examined.

(3) 0.010% wlv of the substance beingexamined.

CHROMATOGRAPHIC CONDJTIONS

(a) Use as the coatingsitka gel GFZ54'

(b) Use the mobile phase as described below.
(c) Apply 10 ~L of each solution.

(d) Develop the plate to 15 ern.

(e) After removal of the plate, dry in air, heat at 105 0 for
10 minutes, allow to cool and examineunder ultraviolet light
(254 nm).

MOBILE PHASE

5 volumes of diethy/amine~ 30 volumes of ethylacetate and
75 volumes of toluene.

LIMITS

Any secondary spot in the chromatogram obtained with
solution (1);

is not more intense than the spot in the chromatogram
obtained with solution (2) (I %);

not more than one suchspot is more intense than the spot in
the chromatogram obtained with solution (3) (0.5%).
Disregard any spot remaining on the line of application.
B. Carry out the method for thin-layer chromatography,
Appendixill A, using the following solutions in methanol.
(1) 2.0% wlv of the substance being examined.
(2) 0.0050% w/v of 3-amino-4-propoxybenzoi< acid BPCRS.

CHROJ\iATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel GF2540

(h) Use the mobile phase as described below.

(c) Apply 10 ~L of each solution.

(d) Develop the plate to 15 ern.

(e) Afterremoval of the plate, dry in air, examine under
ultraviolet light (254 nm).

MOBILE PHASE

4 volumesof glacial acetic acid, 20 volumes of cydohexane and
80 volumes of l,4-dioxan.

LIMITS

Any secondary spotin the chromatogram obtainedwith
solution (1) is not more intense than the spot in the
chromatogram obtained with solution (2) (0.25%).
The principal spot remains on or nearthe line of application.

Loss on drying
When dried at 1050 for 3 hours, loses not more than 0.5% of
its weight. Use 1 g.

Sulfated ash
Not more than 0.15%, Appendix IX A.

ASSAY
Carry out Method I for non-aqurous titration,
Appendix VllI A, using 0.25 g, 20 mL of mercuryttt} acetate
solution and l-naphthofbenzein solution as indicator. Each mL
of O.IMperchioric acid VS is equivalent to 16.54 mg of
C,oH,oN,O"HCI.
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345-78-8201.7

(Ph. Eur. monograph 1367)

Action and use
Adrenoceptor agonist.

Preparations
Pseudoephedrine Oral Solution
Pseudoephedrine Tablets

PseUdoephedrine Hydrochloride

DEFINITION
(IS,2S)-2-(Methylamino)-I-phenylpropan-I-ol
hydrochloride,

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor colourless
crystals.

Solubility
Freelysoluble in water and in ethanol (96 per cent),
sparingly solublein methylene chloride.

mp
About 184 ·C.

IDENI1FICATION
First identification: A, B, D.
Second iden.jicalion: A, C, D.
A. Specificopticalrotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison pseudoephedrine hydro<:h/oride CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examinedin methanol R and dilute to 10 mLwith the same
solvent.
Reference solution (a) Dissolve 20 rng of pseudoephedrine
hydro<hloride CRS in methanol R and dilute to 10 mL with the
same solvent.
Reference solution (b) Dissolve 10 mg of ephedrine
hydro<hloride CRS in reference solution (a) and dilute to
5 mLwith reference solution (a).
Plate TLC silica gelplate R.
J.Hohr1e phase melhylene chloride R, concentrated ammonia R,
2-propanol R (5: 15:80 VIVW).

Application 10 ~L.

Development Over 213 of the plate.

Drying In air.

Detection Spray with ninhydrin solution R and heat at 110 "C
for 5 min.
System $ut"tab,lily Reference solution (b):

- the chromatogram shows 2 clearly separated sPO[S.

Related substances
Examine by thin-layer chromatography (2.2.27), usingsilica
gelHF254 R as the coating substance.

Test solution Dissolve 0.3 g of the substance to be examined
in a mixture of 20 volumes of water Rand 30 volumes of
methanol R and dilute to 10 mL with the same mixture of
solvents. Prepare immediately before use.
Reference solution (a) Dilute 1 mL of the test solution to
100 mL with methanol R.
Reference solution (b) Dilute 0.2 mL of the test solution to
100 mL with methanol R.
Reference solution (c) Dissolve 10 rng of theophyUine R in
methanol R, add 0.3 mL of the test solution and dilute to
10 mL with methanol R.
Applyseparately to the plate 10 ilL of each solution. Develop
over a path of 15 em using a mixture of 1 volume of
concentrated ammonia R, 10 volumes of ethanol R and
90 volumes of chloroform R. Allow the plate to dry in air and
examine in ultraviolet light at 254 run. Any spot in the
chromatogram obtained with the test solution, apart from the
principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (a)
(l per cent) and at most one such spot is more intense than
the spot in me chromatogram obtainedwith reference
solution (b) (0.2 per cent). The test is not valid unless the
chromatogram obtainedwith reference solution (c) shows
two clearly separated spots.

Chlorides (2.4.4)
Dilute 2.5 mL of solution S to 15 mL with walerR.
The solution complies with' the limit test for chlorides
(400 ppm).

Loss on drying (2.2.32)
Not more than 0.5 per cent) determined on 1.000 g by
drying in an oven at 105 "C.

Sulfated ash (2.4. 14)
Not more than 0.1 per cent, determined on 1"0 g.

ASSAY
In order tQ awiJ overheating in the reaction medium, mix
lhoroughly throughout and stop the timuion immediare/y afterthe
end-point has been reached.

Dissolve 0.200 gin 3.0 mL of anhydrous fonnie acidRand
add 50.0 mL of acetic anhydride R. Titrate with 0.1 M
perchloric aciddetermining theend-pointpotentiometrically
(2.2.2(/).

1 mL of O. I M perchioric acid is equivalent to 23.82 mg of
CIOH,.N.O,.

STORAGE
Store protected from light.
____________________ PhE..

www.webofpharma.com



2022 Pullulan 11-761

I'IIE<I _

____________________ I'IIE<I

**** ** ** ****

9057-02-7

HO

o HO~HO~
OH OH OH H

HO 0 0 0

OH OH OH n

A. (I R,2S)-2-(methylarnino)-I-phenylpropan-l-ol
(ephedrine).

(Ph. Bur. monograph 2603)

- sumof impurities other than A: not more than twice the
area of the principal peakin the chromatogram obtained
with reference solution (b) (1.0 per cent);

- disregard limir. 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.170 g in 30 mL of ethanol (96 per cent) R.
Add 5.0 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.20), using 0.1 "'I sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

I mL of 0.1 M sodium hydroxide is equivalent to 20.17 mg
of CIOH,.CINO.

STORAGE
Protected from light.

IMPURITffiS
Specified impurities A.

Pullulan

Action and use
Excipient.

DEFINITION
Neutral polysacchatide produced by the growth of
Aureobasidium puUulans. It has a chain structure consisting of
ct-(1~6)-linked ma1totriose units, each of which is composed
of three <>-(1->4)-linked o-g1ucopyranose units. It may
containsome maltotettaose units.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).
D. Solution S (see Tests) gives reaction (a) of chlorides
(2.3.1).

TESTS
Solution S
Dissolve 1.25 g in carbon dioxide-free waterR and dilute to
25.0 mL with the same solvent

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method If).

Acidity or alkalinity
Dilute 2 mL of solution S to 10 mL with carbon dioxide-free
waler R. Add 0.1 mL of methylredsdsuion Rand 0.1 mL of
0.01 M sodium hydroxide; the solution is yellow. Add 0.2 mL
of O. OJ Al hydrochloric acid; the solution is red.

Specific optical rotation (2.2.7)
+ 61.0 to + 62.5 (dried substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.
Reference solution (aJ Dissolve 20.0 mg of ephedrine
hydrochloride CRS (impurity A) in the mobile phase and
dilute to 20.0 mL with the mobile phase. Dilute 1.0 mL of
this solution to 50.0 mL with the mobilephase.
Reference solution (bJ Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase.

Reference solution (c) Dissolve 10 mg of ephedrine
hydrochloride CRS (impurity A) in 5 mL of the test solution
and dilute to 100 mL with the mobile phase.

Golumn:
- size: I:::: 0.25 m, 0 :::: 4.6 mm;
- stationary phase: phenylsilyl silica gelfor chromatography R

(5 pm).

A-1obile phase Mix 6 volumes of methond Rand 94 volumes
of an 11.6gILsolution of ammonium aulate R previously
adjusted to pH 4.0 with glacial tuetic acid R.

Flow rate 1 mUmin.
Detection Spectrophotometer at 257 nm.

Injection 20 ~L.

Run time 1.5 times the retention time of pseudoephedrine.
Relative retention With reference to pseudoephedrine
(retention time » about 18 min): impurity A:::: about0.9.
System suiulbility Reference solution (c):
....--- resolurion: minimum 2.0 between the peaks due to

I impurity A andpseudoephedrine; if necessary, reduce the
contentof methanol in the mobilephase.

Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(1.0 per cent);

- any other impuniy: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.5 per cent);
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____________________ PhE"

22204-24-6

CD,H

594.7

~H, ~ n
C
r~s/

N I

(Ph. Eur. monograph 1680)

Action and use
Anthelminthic.

DEFINITION
I-Methyl-2- [(b)-2-( thiophen-2-yl)eth-I-en-I-yl)-1,4,5,6­
tetrahydropyrimidine hydrogen 4,4'-methylenebis(3­
hydroxynaphthaiene-2-catboxylate).

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACfERS
Appearance
Pale yellow or yellow powder.

Solubility
Practically insoluble in water, soluble in dimethyl sulfoxide,
practically insoluble in methanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison pyiantel embonau CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use and protect from light
Solvent mixture Mix 5 volumes ofglcuial acetic acid Rand
5 volumes of water' for chromatography R, then add 2 volumes
of diethylamine R with cooling.

Test solution (a) Dissolve 0.800 g of the substance to be
examined in 7 mL of the solvent mixture and dilute to
100.0 mL with acetonitrile R.

PhE" _

Pyrantel Embonate

Sulfated ash (2.4.14)
Maximum 0.3 per cent, determined on 2.0 g.

Nitrogen (2.5.9)
Maximum 0.05 per cent (dried substance), determined on
4.0 g.

Carry out the determination of nitrogen using 40 mL of
sulfun·c acid R and heating until a green colour is obtained
(about 1.5 h) to complete the decomposition and add strong
sodiumhydroxide solution R until a dark brown colour is
obtained (about 90 mL).

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

STORAGE
In an airtight container.

CHARACTERS
Appearance
\Vh.ite or almost white, very hygroscopic powder.

Solublllty
Freely soluble in water, practically insoluble in anhydrous
ethanol and in methylene chloride.

IDENTIFICATION
A. Dissolve 10 g in 100 mL of waterR, adding the substance
to be examined in small quantities while stirring. A viscous
solution is produced.

B. Mix 10 mL of the solution obtained in identification
test A with 0.1 mL of a 10 uoitslmL solution of
pullll/anase R. Incubate at 25 °C for about 20 min.
A substantial decrease in viscosity is observed.

C. Dissolve 2 g in 100 mL of waterR. To 10 mL of the
solution, add 2 mL of m€UfOgol 600 R. A white precipitate is
formed immediately.

TESTS
pH (2.2.3)
4.5 to 6.5.

Dissolve 1.0 g in 10 mL of carbon dioxide-free water R.

Viscosity (2.2.9)
100 mm2·s- t to 180 rnm2·s-1•

Dissolve 10.0 g (dried substance) in waterR [0 make 100 g
of solution, adding the substance to be examined in small
quantities while stirring. Carry out the test at 30 ± O.J °C.

Mono-, di- and oligosaccharides
Maximum 10.0 per cent for the sum of mono-, di- and
oligosaccharides.

Srock solution Dissolve 0.80 g (dried substance) in waterR,
adding the substance to be examined in small quantities
whilestirring, and dilute to 100.0 mL with the same solvent.

Testsolution To 1.0 mL of the stock solution, add 0.1 mL
of a saturated solution of potassium chloride R (2 g in 5 mL).
Mix. vigorously with 3 mL of methanol R. Centrifuge at
12000-16000 g for 10 min maintaining at 4 °C. Use the
supernatant.

Reference solution Dilute 1.0 mL of the stock solution to
50.0 mL with water R.
Blank solution waterR.

Transfer 0.2 mL of the test solution, the reference solution
and the blank solution to separate test tubes, placed in a bath
of iced water with each containing 5 mL of a 2 gIL solution
of anthrone R in sulfuric acid Rl. Stir immediately, then heat
at 90 °C for 10 min. Cool the tubes under running water.

Measure the absorbance (2.2.25) of the test solution, the
reference solution and the blank solution at 620 om, using
water R as the compensation liquid.

Calculate the percentage content of mono-, di- and
oligosaccharides using the following expression:

100
4.1 A, -A,

x-x--­
50 A, -A,

Loss on drying (2.2.32)
Maximum 6.0 per cent, determined on 1.000 g by drying in
vacuo at 90 °C for 6 h.

4.1 dilution (actor for the test solution;
50 dilution factor for the reference solution;
AI absorbanceof the test solution;
A2 absorbance of the blank solution;
A) absorbance of the reference solution.
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Test solution (b) Dilute 1.0 mL of test solution (a) to

10.0 mL with the mobile phase.

Reference solution (a) Dissolve 10 mg of pyrantel
impun"ty A CRS in the solvent mixture, add 2.5 mL of test
solution (b) and dilute to 50 mL with the solvent mixture.
Dilute 2 mL of this solution to 100 mL with the solvent
mixture.
Reference solution (b) Dilute 1.0 mL of test solution (b) to
200.0 mL with the mobile phase. .

Reference solution (c) Dissolve 8.0 mg of pyrantel
impurity D CRS in acetonitrile R and dilute to 10.0 mL with
the same solvent. Dilute 1.0 mL of the solution to 100.0 mL
with acetonitrile R.

Reference solution (d) Dissolve 8.0 mg of pyrantel
impun'ty C CRS in acetonitrile Rand dilute to 10.0 mL with
the same solvent. Dilute 1.0 mL of the solution to 100.0 mL
with acetonitrile R.

Column:
- size: / = 0.25 ill) 0 =: 4.6 mm;
- stationary phase: silica gelfor chromatography R (5 fUll);
- temperature: 30 "C.

Mobile phase Solventmixture, aaumitriJe for
chromatography R (72:928 VIV).

Flow rate I mUmin.
Detection Spectrophotometer at 288 om and, for
impurity D, at 238 nm.

Injection 20 ul, of test solution (b) and reference
solutions (a), (b) and (d); for impurity D, 50 pL of test
solution (a) and reference solution (c).
Run lime 4 times the retention time of pyrantel.

Identifiauion of impurities Use the chromatogram obtained
with reference solution (d) to identify the peak due to
impurity C; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity D.

Relative retention With reference to pyrantel (retention
time = about 11 min): impurity C = about 0.3; embonic
acid = about 0.5; impurity A = about 1.3;
impurity D = about 2.2.

System suitability Reference solution (a):
- resolution: minimwn 4.0 between the peaksdue to

pyrantel and impurity A.

Calculation ofpercentage contents:
- for impurity D, use the concentration of impurity D in

reference solution (c);
- for impurity C, use the concentration of impurity C in

reference solution (d);
- for impurities other than C and D, use the concentration

of pyrantel ernbonate in reference solution (b).

Limits:
- impun'ty D: maximum 0.2 per cent;
- itnpun'ty C: maximum 0.10 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- sum oj impurities other than C and D (exduding embonic

acid): maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Chlorides (2.4.4)
Maximum 360 ppm.

To 0.46 g add 10 mL of dilute nitric acid Rand 30 mL of
water R. Heat on a water-bath for 5 min. Cool, dilute to
50 mL with water R, mix well and filter.

Pyrantel Embonate II-763

Sulfates (2.4.13)
Maximum 0.1 per cent.
To 0.50 g add 2.5 mL of diuuenitric acid R and dilute to
50 mL with distilled waterR. Heat on a water-bath for 5 min,
shake for 2 min, cool and filter.

Iron (2.4.9)
Maximum 75 ppm.

Ignite 0.66 g at 800 ± 50 °C for 2 h. Dissolve the residue in
2.5 mL of dilllte hydrochloric acidR withgentle heatingfor
10 min. Cool and dilute to 50 mL withwaterR.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
vacuoat 60°C for 3 h.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
To 0.450 g add 10 mL of aeeli< anhydride Rand 50 mL of
glaci'aJ acetic acid R, heat at 50 "C and stir for 10 min. Allow
to cool (a clear solution is not obtained). Titrate with 0.1 M
perchioric acid, determining the end-point potentiometrically
(2.2.2fJ). Cart)' out a blank titration.

I mL of 0.1 M perchlori< acid is equivalent to 59.47 mg of

C"H3oN20•S.

STORAGE
Protected fromlight.

IMPURITIES
Specified impurities C, D.

Otherdetectable impun·ties (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests

in the monograph. They are llinited by thegeneral acceptance
criterion for otherluns[J«ified impurioo and/orby the general
monograph Substances for pharmaceutical use (2034). 1, is
therefore not neussary to identify these impurities for
demonstration of compliance. See also5.10. Control of impun·lies
in substances for pharmaceutical use) A, B.

CH,

CY6
A. l-methyl-2-[(Z)-2-(thiophen-2-yl)eth-l-en-I-yl]-1,4,5,6­

tetrahydropyrimidine,

~H, . n
HN1 °Y""~s'

~NH

B. (E)-N-[3-(methylamino)propyl]-3-(thiophen-2-yl)prop-2­
enamide,

D
OHC S

C. thiophene-2-carbaldehyde,
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D.I,2-dimethyl-l,4,5,6-tetrahydropyrimidine.

PnE" _

____________________ PnE"

If the spectra obtainedshow differences) dissolve the
substance to be examined and the reference substance
separately in ethanol (96 per cent) R, evaporate [0 dryness and
record new spectra usingthe residues.
D. Dissolve 0.1 g in 5 mL of warer R. Add 1 mL of ferrous
sulfate solution R2. The solution becomes orange. Add 1 mL
of dilute sodium hydroxide solution R. The solution becomes
dark blue.

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

Acidity or alkalinity
To 25 mL of solution S add 0.05 mL of phenolphthalein
solution Rl and 0.2 mL of 0.01 M sodium hydroxide.
The solution is red. Add 1.0 mL of 0.01 M hydrochloric acid.
The solutionis colourless. Add 0.15 mL of methylred
solution R. The solution is red.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before me.
Test solution Dissolve 50 mg of the substance to be
examined in waterR and dilute to 25.0 mL with the same
solvent. Dilute 5.0 mL of the solution to 25.0 mL with
water R.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with waterR. Dilute 1.0 mL of this solution '0
10.0 mL with waterR.

Reference solution (b) Dissolve 10 mg of pyrazine-2­
carboninile R (impurity B) in waterR and dilute to 50.0 mL
with the same solvent. Dilute 5.0 mL of the solution to

50.0 mL with waterR. To 5.0 mL of this solution add
5.0 mL of the test solution and dilute to 25.0 mL with
waterR.
Column:
- size: / ;;;; 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: end-capped oaadecylsilyl silica gelfor

chromatography R (5 pm);
- temperamre: 30 "C.
MoMe phase Dissolve 6.80 g of potassium dihydrogen
phosphate R in 800 mL of waterR, add 1.84 g of sodium
hydroxide R, adjust to pH 3.0 with dautephosphoric acidRand
dilute to 1000 mL with waterR; add 10.0 mL of
aceumitnle Rand 1.0 mL of ",,,ahydrofuran R.

Flow ra", 2.0 mUmin.

Detection Spectrophotometer at 270 nm.
Injeaion 40 ur,
Run time 4 times the retention time of pyrazinamide.
Identification of impun'tUs Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity B.
Relative retention With reference to pyrazinamide (retention
rime =about 5 min): impurity B =about 1.6.

System suitability Reference solution (b):
- resolution: minimum4.0 between the peaksdue to

pyrazinamide and impurity B.

98-96-4

**** ** ** ****

123.1

(Ph. Eur. monograph 0859)

C,H,N,O

Pyrazinamide

Action and use
Antituberculosis drug.

Preparations
Pyrazinamide Oral Suspension
Pyrazinamide Tablets

DEFINITION
Pyrazine-2-carboxamide.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent) and in methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
First identification: C.
Second idendfication: A, B, D.
A. Melting point (2.2.14): 188 "C to 191 "C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test sdution (a) Dissolve 50.0 mg in water R and dilute to
100.0 mL with the same solvent.
Testsolution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with waterR.

Testsolution (c) Dilute 2.0 mL of test solution (a) to
100.0 mL with waterR.

Spectral range 290-350 om for test solution (b);
230-290 om for 'est solution (c).

Absorption maxima At 310 nm for test solution (b)j
at 268 om for test solution (c).

Specific absorbance at the absorption maximum at 268 nm
640 to 680 for test solution (c).

C. Infrared absorption spectrophotometry (2.2.24).

Comparison pyrazinamide CRS.
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PhE" _

**** ** *
*****

101-ZIHJ261.1

(Ph. Eur. monograph 1255)

Action and use
Cholinesterase inhibitor.

Preparation
Pyridostigmine Tablets

Pyridostigmine Bromide

DEFINITION
3-[(Dimethylcarbamoyl)oxy]-I-methylpyridinium bromide.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline, deliquescent powder.

Solubility
Verysoluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison pyridostigmine bromide CRS.
B. It gives reaction (a) of bromides (2.3.1).

TESTS
Soludon S
Dissolve 1.0 g in larbondioxide-free waterR and dilute to
100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method If).

Acidity or alkalinity
To 40 mL of solution S add a few drops of m,dryl red
solution R. To 20 mL of this solution add 0.2 mL of 0.02 M
sodium hydroxide. The solution is yellow. To the other 20 mL
add 0.2 mL of 0.02 M hydrochlori< acid. The solution is red.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 mg of the substanceto be
examined in the mobile phase at about 40 °C. Allow to cool
and dilute to 50.0 mL with the mobile phase.

Reference solution (aJ Dissolve 4 mg of pyridostigmine
bromide CRS, 4 mg of pyridfJstigmine impu"'ty A CRS and
4 mg of pyridostigmin, impurity B CRS in the mobile phase
and dilute to 100.0 mL with the mobile phase. Dilute
5.0 mL of the solution to 100.0 mL with the mobile phase.

Reference solutian (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 10.0 mL of this
solution to 50.0 mL with the mobile phase.
Reference solution (cJ Dilute 5.0 mL of reference solution (b)
to 20.0 mL with the mobile pbase.

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: base-deactiuated OCUIdeqlsi/y1 silica gelfor

chromatography R (5-10 urn).

Limits:
- impurity B: not more than the area of the principal peak in

the chromatogram obtained withreference solution (a)
(0.10 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained withreference solution (3)
(0.05 per cent);

- total: not more than twice the area of the principal peak in
me chromatogram obtained with reference solution (a)
(0.2 per cent):

- disregard limit: 0.3 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.03 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 2.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 50 mL of acetic anhydride R. Titrate with
0.1 iW perchknic acid, determining theend-point
potentiometrically (2.2.20).
I mL of 0.1 M perchloric acid is equivalent to 12.31 mg of
C,H,N,O.

IMPURITIES
Specified impurities B.

Otherdetectable impurities (thefol/Qwing substances would, if
present at a sifficiem level, bedetected by oneor other of theuses
in the monograph. They are limited by thegeneral acceptance
cnterum for otherlunspecified impuniies and/orby thegeneral
monograph Subseances for phannaceutical use (2034). It is
therefore not neussary to identify these impurities for
demonstration of compliance. Se2 also5.10. Control of impm-ities
in SUbStatlce5for pharmaceutical use) A.

A. pyrazine-2-carboxylic acid,

B. pyrezine-z-carbonlrrile.
____________________ PhE"
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B. 3-hydroxy-I-methylpyridinium.
___________________ PhE"

58-56-0

• HCI

205.6

H'CX&N"I""" OH
HO

OH

(ph. Eur. monograph 0245)

C,H12CINOJ

Ph,,, _

0+
HO~N'CH:t

Action and use
Vitamin B6.

Preparadons
Pyridoxine Tablets

Vitamins Band C Injection
When vitamin B6 is prescribed or demanded, Pyridoxine
HydrocWoride shall be dispensed or supplied.

Pyridoxine Hydrochloride

DEFINITION
(5-Hydroxy-6-methylpyridine-3,4-diyI)dimethanol
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent).

mp
About 205°C, with decomposition.

IDENTIFICATION
Firsl identification: B, D.
Second identification: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Solution A Dilute 1.0 mL of solution S (see Tests) to
50.0 mL with a 10.3 gIL solution of hydrochloric acidR.

Solution B Dilute 1.0 mL of solution A to 100.0 mL with a
10.3 gIL solution of hydrochloric acidR.

Solutio" C Dilute 1.0 mL of solution A to 100.0 mL with
the potassium dihydrogen phosphate 0.025 M + disodium
hydrogen phosphate 0.025 M solution described in general
chapter 2.2.3.

Spearal ranges 250-350 om for solution B; 220-350 om for
solutionc.
Absorption maxima 288-296 om for solution B; 248-256 om
and 320-327 om for solution C.

Alobile phase Mix 30 volumes of acetonitrile Rand
70 volumes of a 4.33 gIL solution of sodium dodecyl sulfate R
previously adjusted to pH 2.0 withphosphoric acidR.

Pkno rare 1.1 mUmin.
Detection Spectrophotometer at 220 run.

Injection 20 ~L.

Run time Twice the retention time of pyridostigmine.
Identification of impurities Use me chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A and B.
Relauve retention Withreference to pyridostigmine
(retention time = about 32 min): impurity B = about 0.7;
impurity A = about 0.9.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity A and pyridostigmine.
Limits:
- impun"ties A, B: for each impurity, not more than twice the

area of the principal peakin the chromatogram obtained
with reference solution (b) (0.4 per cent); at most one
such peak has an area greater than the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the areaof the principal peakin the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than 2.5 times the area of the principal
peak in the chromatogram obtained withreference
solution (b) (0.5 per cent);

- disregard limil: the area of the principal peakin the
chromatogram obtained with reference solution (c)
(0.05 per cent); disregard the peak due to the bromide
ion.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.230 g in 10 mL of anhydrous acetic acidR.
Add 40 mL of acetic anhydride R. Titrate with 0.1 M
perchlonc add, determining the end-point potentiometrically
(2.2.2U).

I mL of 0.1 M per<hloric acid is equivalent to 26.11 mg
of C,H13BrN,O,.

STORAGE
In an airtight container, protected from light. If the substance
is sterile, store in a sterile, airtight, tamper-evident container,
protected from light.

I

IMPURITIES
SP<cified impmilies A, B.

A. pyridin-3-yl dimethylcarbamate,
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Specific absotbances at the absorption maxima:
- 425 to 445 for solution B at 288-296 nrn;
- 175 to 195 for solution C at 248-256 nm;
- 345 to 365 for solution C at 320-327 nm.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison pyridoxine hydrochloride CRS.
C. Thin-layer chromarography (2.2.27).

Test solution Dissolve 1.0 g of the substance to be examined
in water R and dilute to 10 mLwith the same solvent. Dilute
1 mL of this solution to 10 mL with water R.
Reference solution Dissolve 0.10 g of pyridoxine
hydrochloride CRS in waterR and dilute to 10 mL with the
same solvent.

Plate TLC silica gelG plate R.
Mobile phase concentrated ammonia R methylene chloride R,
tetrahydrofuran R, acetone R (9:13:13:65 VIVIVIV).

Application 2 ~IL.

Development In an unsaturated tank, overa pathof 15 em.
Drying In air.

Detection Spray with a 50 gIL solution of sodium carbonate R
in a mixture of 30 volumes of ethanol (96 per cent) Rand
70 volumes of waterR; dry in a current of air, spray with a
1 gILsolution of dichloroqumonechlotimide R in ethanol
(96 per cent) R and examine immediately.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour andsize to
the principal spot in the chromatogram obtained with the
reference solution.
D. Solution S gives reaction (a) of chlorides (2.3./).

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free waterR and diluteto
50.0 mLwith the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method11).

pH (2.2.3)
2.4 to 3.0 for solutionS.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25 mg of the substanceto be
examined in water R and dilute to 10.0 mLwith the same
solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with waterR. Dilute 1.0 mL of this solution to
10.0 rnL with waterR.
Reference solution (b) Dissolve 2.5 mg of pyridoxine
impurity A CRS and 2.5 mg of 4-deoxypyridoxine
hydrochloride R (impurity B) in waterR and dilute to 10 rnL
with the same solvent. Dilute 2 mL of the solutionto 10 mL
with waterR.
Colmnn:
- size: / = 0.25 ID, 0 = 4.6 mID;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 pm).

Mobile phase Dissolve 2.72 g of potassium di!rydrogen
phosphate R in 900 rnL of waterfor chromawgraphy R, adjust
to pH 3.0 with dilute phosphoric acidR and dilute to 1000 rnL
with waterfor chromatography R.

Pyridoxine Hydrochloride II-767

Flow rale 1.0 mllmin.
Detection Spectrophotometer at 210 run.

Injection 5 ur,
Run time 2.5 times the retention time of pyridoxine.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A and B.

Relative retention With reference to pyridoxine (retention
time = about 12 min): impurity A = about 1.7j
impurity B = about 1.9.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities A and B.
Calculation of percentage centents:
- for each impurity, use the concentration of pyridoxine

hydrochloride in reference solution (a).

Limits:
- impuniy B: maximum 0.15 percent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
In orderto avoid overheating in the reaction medium, mix
thoroughly throughout and stopthe titration immediately afterthe
end-paint has been reached.
Dissolve 0.150 g in 5 mL of anhydrous formic acid R.
Add 50 mL of acetic anhydride R. Titrate with
0.1 1\1perchlonc acid, determining the end-point
potentiometrically (Z.2.2rJ). Carry out a blank titration.

I mL of 0./ M perchloric acidis equivalent to 20.56 mg of
CSH '2CINO,.

STORAGE
Protected from light.

IMPURITlliS
Specified impurities B.
Other detectable impuniies (thefollowing substances wouldJ if
present at a sufficient level, bedeteaed by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
oitoion for otherlumpecified impurities and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessalY to identify these impun'ties for
demonstration of compliance. See also 5.10. Control of impurities
it, substances for pharmaceutical use) A.

H'C

X6NHO '"

o

A. 6-methyl-I,3-dihydrofuro[3,4-c]pyridin-7-01,
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H'C~N"
I.&' OH

HO

CH,

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

____________________ PhE"

B. 5-(hydroxymethyl)-2,4-dimethylpyridin-3-01.

Pl>E" _

Tim. Mobile phase A Mobile phase B
(min) (per cent VIII) (per cent VII?
0-. .5 35

6 - 20 65 ...... 40 35 ...... 60

20 - 35 40 ...... 55 60 ...... 45

TESTS
Solution S
Shake 1.0 g with 50 mL of carbon dioxide-free wat<r R for
2 min and filter.

Appearance of solution
Prepare the solution immediately before use Dissolve 0.25 g in
a mixture of 1 volume of methanol Rand 3 volumes of
methylene chloride Rand dilute to 10 mL with the same
mixture of solvents. The solution is clear (2.2.1) and not
more intensely coloured than reference solution BY6 (2.2.2..
Me/hod Il).

Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of phenolphthalein
sdution Rl. The solution is colourless. Not more than
0.2 mL of 0.01 M sodium hydroxide is required to change the
colour of the indicator to pink. Add 0.4 mL of 0.01 M
hydrochloric acidand 0.05 mL of me/hylred ,olution R.
The solution is red or orange.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase A, mobile phaseB
(50:50 VIV).

Testsolution Dissolve 10.0 mg of the substance to be
examined in 4 mL of the solventmixtureusing sonication
and dilute to 10.0 mL with the solventmixture.
Reference solution (a) Dissolve 10 mg of the substance to be
examined and 10 mg of pyrimethamine impun"ty B CRS in
50 mL of the solvent mixture using sonicationand dilute to
100 mL with the solvent mixture.
Reference sohstion (b) Dilute 1.0 mL of the lest solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mLwith the solvent mixture.

Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: end-capped oetaduy/si/yl silica gelfor

chromatography R1 (5 lUTI);
- temperature: 30°C.

Mobile phase:
- mobile phaseA: dissolve 2.72 g of potassium dihydrogen

phosphat< R in 900 mL of waterfor chromatography R,
adjust to pH 8.0 with ammonia R and dilute to 1000 mL
with waterfor chromatography R;

- mobile phaseB: acetonitrile Rl;

Flowrate 1.0 mUmin.
Detection Spectrophotometer at 210 run.
Injection I0 ~L.

Identification of impurities Use the chromatogram obtained
with referencesolution (a) to identify the peakdue to
impurity B.

58--14-0

"" CI

.&'
CH,

Nil,

248.7

N'"
,~ I

H,N""""N

(Ph. Eur. monograph 02BB)

Pyrimethamine

DEFINITION
5-(4-Chlorophenyl)-6-ethylpyrimidine-2,4-diamine.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder or colourless
crystals.

Solubility
PracticalIy insoluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B.

Secondidentification: A, C.
A. Melting point (2.2.14): 239°C to 243 °C.
B. Infrared absorption spectrophotometry (2.2.24).
Comparison pyrimethamine CRS.
C. TItin-Iayer chromatography (2.2.27).
Solventmixture methanol R, methylene chloride R (10:90 VIV).

Test solution Dissolve 0.1 g of the substance to be examined
in the solvent mixture and dilute to 100 mL with the solvent
mixture.
Reference solution Dissolve 0.1 g of pyrimethamine CRS in the
solvent mixture and dilute to 100 mL with the solvent
mixture.
Plat< TLC silica gelPm ptat< R.
Mobile phase methylene chloride R, propanol R, glacial acetic
acidR, toluene R (4:8:12:76 VIVIVIV).

Application 20 ~L.

Development Over 213 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

Action and use
Dihydrofolate reductase inhibitor; antiprotozoal (malaria).

Preparation
Pyrimethamine Tablets
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Relativeretention With reference to pyrimethamine
(retention time e about 15 min): impurity B ;:: about 0.8.

System suitab-ility Reference solution (a):
- resolution: minimum 5.0 between me peaks due to

impurity B and pyrimethamine.

Calculation of percentage contents:
- for each impurity, use the concentration of pyrimethamine

in reference solution (b).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Sulfates (2.4.13)
Maximum 80 ppm, determined on solution S. Prepare the
standard using a mixture of 2.5 mL of suI/au standard solution
(10 ppm SO.,) Rand 12.5 mL of distilled waterR.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 0.500 g by drying In
an oven at 105 °C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 25 mL of anhydrous lUetic acidR with
gentle heating and aUow to cool. Titrate with 0.1 M perchlone
acid determining the end-point potentiometrically (2.2.20).

I mL of 0.1 M perchlaric acid is equivalent to 24.87 mg of
C12HnCIN4 •

STORAGE
Protected from light.

IMPURITIES
Otherdel«Ulble impurities (the following substances would, if
present at a sufficient level, be detected by oneor otherof the usts
in tire monograph. They are limitedby the general aaepUlnce
cruetion for otherlunspeafied impurities and/orby the general
monograph SubsUlnces far pharmaceutical use (2034). It is
therefore not necessary to idenufy these impuniies for
demonstration of compliatUe. See alto 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D.

B
CI

NC •

o CH3

A. (23)-2-(4-chlorophenyl)-3-oxopentanenitrile,

B. 5-(4-chlorophenyl)-6-methylpyrimidine-2,4-<1iamine.

r(YCi
NCJJ

C. (4-chlorophenyl)acetonitrile,

Pyroxylin II-769

D. (S)-(4-chlorophenyl)(2-ethyl-I,3-dioxolan-2-yl)
acetonitrile.

_____________________ PhE<6

Pyroxylin
Cellulose Nitrate

Preparation
Flexible Collodion

DEFINITION
PyroxyJin is a nitrated cellulose obtained by the action of a
mixture of nitric and sulfuric acids on wood pulp or cotton
linters that have been freed from fatty matter. It must be
damped with not less than 25% by weight of Isopropyl
Alcohol or of Industrial Methylated Spirit.

CAlfllON Compliance is required with theprooisions of relevant
legislation relating UJ the storage of, use of and containers usedfor
Pyroxylin.
In thefollowing tests, particular care should beexercised when
drying pyroxylin. Thematerial soobtained is explosive and
sensin'w to ignition by impact orfriction and it shouldbehandled
as carefully as possible.

CHARACTERISTICS
White or almost white, cuboid granules or fibrous material,
the latter resembling absorbent cotton but harsher to the
touch and more powdery. Both the granules and the fibrous
material appear moist. Highly flammable.

Soluble in glacial acetit. acidand in acetone.

IDENTIFICATION
Add water to a soJution in autone. A white, viscid mass is
readily precipitated.

TESTS
Clarity and colour of solution
A 10% wlvsolution dissolves at 20° in a mixture of 1 volume
of ethanol (90%) and 3 volumes of ether to produce an aJrnost
dear and coJourless to paJe straw-coloured solution.

Kinematic viscosity
1160 to 2900 mm2s-1 when determined in the following
manner. To 20 g, previously dried to constant weight by
heating on a water-bath at 80 0 and allowing to cool in a
desiccator over rillea gel, add 200 mL of a mixture of
19 volumes of acetone and 1 volume of water. Shake
vigorously to prevent the formation of aggregates of panty
solvated pyroxylin and rotate suitably to obtain a
homogeneous solution. Measure the viscosity of the soJution
within 48 hours using a falling sphere viscometer complying
with British Standard 188: 1977 (Methods for the
determination of viscosity of liquids). Fill the fall tube with
the solution being examined to about 10 mm above the
220-mm mark, pJace vertically in the bath and allow to stand
for air bubbles to clear and for temperature equilibrium to be
attained. Clean the sphere, immerse it in a portion of the

www.webofpharma.com



11-770 PyrroJidone 2022

liquid being examined maintained at a temperature of 19.9°
to 20.1 0 and when it is at this temperature introduce it)
without wiping) into the delivery tube. Observe the time for
the lowest part of the sphere to pass through the planes of
the tops of the 175-mm mark and the 25-mm mark, using a
telescope or other suitable device to avoid errors due to
parallax. The average of three readings concordant to within
0.5% is taken as the time of fall. Calculate the kinematic
viscosity (v) in square millimetres per second (mm2s~I) from
the expression:

Nitrogen
11.7 to 12.2%, calculated with reference to the material dried
to constant weight by heating on a water-bath at 80° and
allowing to cool in a desiccator over silica gel, when
determined by the following method. Transfer 0.4 g of the
dried substance £0 a 750 mL round-bottomed flask using
60 mL of water, add 20 mL of hydrogen peroxide solution
(20 ""D and then add slowly, with shaking, 50 mL of a
30% w/w solution of potassium hydroxide and 5 mL of ethanol
(96%). Agitate slowly for 3 hours or until the substance
being examined has dissolved. Add 3 g of Deuarda's alloy and
immediately connect the flask £0 the spray trap of an
ammonia-distillation apparatus, the receiver of which
contains 50 mL of 0.1M hydrochwric acid VS and 0.15 mL of
methylredsolution. Allow the reaction to proceed until no
further evolution of gas occurs and then heat the contents of
the flask to boiling and distil carefully until 30 mL remains in
the round-bottomed flask. Rinse the delivery tube into the
receiver with water and titrate the combined distillate and
rinsings with O./Msodium hydroxide VS. Repeat the operation
without the substance being examined. The difference
between the titrations represents the amount of acid required
to neutralise the ammonia formed. Each mL of O.lM
hydrochlori< acid VS is equivalent to 1.40 I mg of nitrogen.

STORAGE
Pyroxylin should be loosely packed, protected from light and
stored at a temperature not exceeding 15°, remote from fire.
The container should be suitably designed to disrupt should
the internal pressure reach or exceed 1400 kPa. The amount
of damping fluid must not he allowed to fall below 25% wlwj
should this happen, the material should be either rewetted or
used immediately for the preparation of Collodion.

the diameter ot ehe sphere in em,
density of the sphere in g cm~l.

density of the liquid being tested in g em",
velocity of fall in em S-l,

local acceleration due to gravity in em S·2.

**** ** ** ****

616-45-585.1

(Ph. Eur. monograph 2180)

C,H,NO

Pyrrolidone

DEFINITION
Pyrrolidin-2-one.

CHARACTERS
Appearance
Clear, colourless or slightly greyish liquid, or white or almost
white crystals, or colourless crystal needles.

Solubility
Miscible with water, with ethanol (96 per cent) and with
most common organic solvents.

Ph'« _

mp
About 25°C; the molten substance remains liquid at
temperatures below the melting point.

bp
About 245 ·C.

IDENTIFICATION
First identification: A.
Second identification: B, C.

A. Infrnred absorption spectrophotometry (2.2.24).

Comparison pyrrolidone CRS.
B. Relative density (2.2.5): 1.112 to 1.115.

C. Refractive index (2.2.6): 1.487 to 1.490.

TESTS
Use the molten substance for aU tests.

Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured man intensity 7 of the range of reference
solutions of me most appropriate colour (2.2.2, MethodII).

A1kal1nlty
To 100 mL of waterR add 1.0 mL of bromothymol blue
solution R/ and adjust to a green colour with 0.02 M
potassium hydroxide or 0.02 M hydrochwric acid. To 50 mL of
this solution add 20 mL of the substance to be examined and
titrate with 0.02 kl hydrochloric add to the initial colour.
Not more than 8.0 mL of 0.02 M hydrochloricacid is
required.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure. I

Testsolution The substance to be examined.

Reference solution (aJ Dissolve 1 mL of the substance to be
examined and I mL of N-melhy/pyrrolidone R (impurity C) in
methylene chloride R and dilute to 20 mL with the same
solvent.

Reference solution (bJ Dissolve 1.1 g of the substance to be
examined in methylene chloride R and dilute to 100.0 mL with
the same solvent. Dilute 1.0 mL of this solution to 20.0 mL
with methylene chloride R.
Reference so/mum (c) Dissolve I mL of buryro/acwne R
(impurity B) and I mL of butane-La-did R (impurity A) in
methylene chloride R and dilute to 20 mL with the same
solvent.

d
2

g( t5 - p) xO.867
0.18vp

v

where d
8
p

"s
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Column:
- material: fused silica;
- size: 1= 30 m, (2) = 0.32 mm;
- stationary phase: melhy/polysiloxane R (film thickness 5 11m).
Carnergas mirogen for chromatography R.
Flow rare 1.3 mUmin.

Split ratio 1:80.

Temperature:

Tim.
(min)

Temperature

CCl

Quetiapine Fumarate
(ph. Bur. monograph 2541)

rN~O"""""""'OH

Q-6N"N~
S I" 1
~

2

**** ** ** ****

A. butane-l,4-diol,

B. dihydrofuran-2(3H)-one (j-buryrolactone),

111974-72-2883

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparations
Quetiapine Prolonged-release Tablets

QuetiapineTablets

DEFINlllON
Bis[2-[2-[4-(dibenzo [b,fJ [1,4] thiazepin-ll-yl}pipera2in-I-yl]
ethoxy)ethanol) (2E)-but-2-enedioate.

Content
- quetiapiue fumarate (C4~54N608S2j iWr 883):

99.0 per cent to 101.0 per cent (dried substance);
- fumari< acid (C.H.O.; M, 116.1): 12.5 per cent to

13.8 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Slightlysoluble in water, in anhydrous ethanol and in
methanol.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison quetiapine fumarate CRS.
If the spectra obtained in me solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to drynessand
recordnew spectrausing the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, water R (50:50 VIV).

Test solution Dissolve 50 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.
Reference solution (a) Dissolve the contents of a vial of
quetiapine for sysce.m suitability CRS (containingimpurities G
and N) in 1.0 mL of the solvent mixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Column:
- size: 1= 0.10 m, 0 = 2.1 mm;
- stationary phase: end-capped, charged surface, ethylene-bridged

phenylhexy/si/yl silica gelfor chromategraphy (hybrid
material) R (I.7 urn),

- temperature: 50 "C.

PhE.. _

100 ..... 250

250

250
250

0-18.75

18.75-30

Column

Injectionport

Detector

~ »<: _OH
HO- ~ ~

Detection Flame ionisation.
Injection 0.1 IlL.
Relative retention With reference to pyrrolidone (retention
time = about 13 min): impurity B :;:; about 0.73;
impurity A = about 0.76; impurity C =about 0.97.

Use the chromatogram obtained with reference solution (c)
to identify the peaks due to impurities A and B; use the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity C.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaksdue to

impurity C and pyrrolidone.

Limits:
- impun'ty B: maximum 0.5 per cent;
- impun'ties A, C: for each impurity, maximum

0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.7 per cent;
- disregard limit: the area of the principal peak in me

chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.32)
Maximum0.1 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

C. l-methylpyrrolidin-2-one (N-methylpyrrolidone).
_____~ PhE..
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MoMe phose:
- mobile phaseA: mix 10 volumes of methanol Rl and

90 volumes of a 3.85 gIL solution of ammonium aatate R,
previously adjusted to pH 9.0 with ammonia R;

- mobile phaseB: acetonitrile for chromatography R;

Time MobUe pbase A Mobile phase B
(min) (per cent VIJI) (per cent V/l?

0-' 80 20
8· 14.50 80 -> 60 20 -0 40

14.50 - 22.60 60 ..... 50 40 -> 50

22.60 - 26 50 ---> 30 50 -> 70

26 - 29 30 -> 10 70 ...... 90

29 - 30 10 90

Flow rate 0.5 mUmin.

Detection Spectrophotometer at 240 TIm.

Injection 3.0 ~L.

Idemification of impurities Use the chromatogram supplied
with quetiapine for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities G and N.

Relative retention With reference to quetiapine (retention
time ;;;; about 13 min): fwnaric acid = about 0.05;
impurity G =about 0.5; impurity N =about 1.04.

System suitability:
- signal-to-noise rouo: minimwn 40 for the principal peak in

the chromatogram obtained with reference solution (b);
- peak-to-valley ratio: minimum 5.0, where Hp =height

above the baseline of the peak due to impurity Nand
H; ;;;; height above the baseline of the lowest point of the
curve separating this peak from the peak due to
quetiapine in the chromatogram obtained with reference
solution (a).

Calculation of percentage conten,,:
- correaion faaon: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity G =0.5; impurity N =2.0;

- for each impurity, use the concentration of quetiapine
fumarate in reference solution (b).

Limits:
- impun"ties G, N: for each impurity, maximum

0.15 per cent;
- unspeaJied impurities: for each impurity, maximum

0010 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent; disregard any peak due

to fumaric acid.

Los. on drying (2.2.32)
Maximum 0.5 peecent, detenuined on 1.000 g by drying in
an oven at 105 DCo

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 go

ASSAY
Quetiapine fumarate
Dissolve 0.170 g in 40 mL of anhydrous acetic acid R. Titrate
with 0.1 1\-1 perchlonc acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric add is equivalent to 22.08 mg of
C•.,H,¢I.0aS2 '

2022

Fumaric acid
Dissolve 0.350 g in 70 mL of a mixture of equal volumes of
methanol R and waterR. Titrate with 0.1 M sodium hydroxide,
determining the end-point potentiometrically (2.2.20).

1 mL of Dol AI sodium hydroxide is equivalent to 5.804 mg of
C.H.O•.

STORAGE
Protected from light.

IMPURITIES
Specified impuriues G, N.
Otherdetectable impurities (thefollowing sub,tances would, if
present at a tafficiem level, bedetected by oneor otherof the tests

in the monograph. They are limited by thegeneral acceptance
criterion for otherhmspecified impun"ties and/or by the general
monograph Substances for phannaceutical use (2034). It is
therefore not necessary to identify these imj1UrUies for
demonstration of compliance. See also 5.10. Control of impurities
in subsuznces for pharmaceutical use) A, B, C, D, E~ F~ H, I,
J, K, L, OJ PJ Q, S, T, U, J', w.:

A. 2-[2-[4-(dibemo[b,fJ (I ,4] thiazepin-l l-yljpiperazin-Lyl]
ethoxy]ethyl acetate,

B. 11-(pipera2in-l-yl)dibemo[b,fJ [l,4]thi02epine,

C. 2-[2-[4-(dibemo[b,fJ [1,4)thiazepin-Il-yl)pipelllzin-I-yl)
ethoxy]ethyl 2-[4-(dibenw[b,fJ [1,4]thiazepin-l1-yl)
piperazin-l-yl]acetate,

D. 11,11 '-(pipera2ine-l,4-diyl)bis(dibemo[b,fJ [1,4]
thiazepine),
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E. 11,11'_[ethylenebis(oxyethylenepiperazine-4, l-diyhjbis
(dibenzo[b,JJ [1,4] rhiazepine),

rN/'......./O...............OH

o "~
~s,J=·uu

F. [2-[(2-aminophenyl)sulfanyl] phenyl] [4-[2-(2­
hydroxyethoxy)ethyl]piperazin-I-yl]methanone.

G. dibenzo[b,JJ [1,4]thiazepin-II(IOHl-one,

o. r~~O~OH
Q-o"""~

s " 1
ee-,

H. 2-[2-[4-(dibenzo[b,fJ [1,4]thiazepin-II-yl)-I­
oxidopiperazin-I-yl]ethoxy] ethanol,

rN~OH

Q:{;J
I. 2-[4-(dibenzo [bJ][1,4]thiazepin-II-yl)piperazin-I-yl]

ethanol)

r"~o~O~O~OH

Q-o" "~
"" Ii "

s " 1
~

J. 2-[2-[2-[2-[4-(dibenzo[b,fJ [I ,4]rhiazepin-II-yl)piperazin­
I-yl]ethoxy]ethoxy] ethoxy]ethanol,

K. N- [2-[[2- [[4-[2-(2-hydroxyethoxy)ethyl]piperazin-I-yl]
carbonyl]phenyl]sulfanyl]phenyl]acetamide,

Quetiapine Fumarate 1I-773

6-0""O~O~OH
S " 1
~

L. 2-[2-[4-(9-ch!orodibenzo[b,J][1,4]rhiazepin-ll-yl)
piperazin-I-yl]ethoxy]ethanol.

N. 2-[2-[4-[2-[2-[4-(dibenzo[b,fJ [1,4]thiazepin-ll-yl)
piperazin-I-yl] ethoxy]ethyl]piperazin-I-yl]ethoxy] ethanol,

O. 11_[4_[2_[2_(triphenylmethoxy)ethoxy]ethyl]piperazin-l-yl]
dibenzo[b,fJ [1,4]rhiazepine,

rN»<:CH:J

Q-o""N~
s "
~

P. 11-(4-ethylpiperazin-l-yl)dibenzo [b,fJ [1,4]thiazepine.

O~OH

r(~O~OH
Q-oN"N~

s " 1
~

Q. 4-(dibenzo[bJ] [1,4]thiazepin-ll-yl)-I,I-bis[2-(2­
hydroxyethoxy)ethyl]piperazin-I-iurn,

S. 2-[2-[4-(5-oxidodibenzo[b,fJ [1,4]thiazepin-II-yl)piperazin­
I-yl]ethoxy]ethanol,
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CHARACTERS
Appearance
White or almost white or slightlypink, hygroscopicpowder.

Solubility
Freely soluble in water and in ethanol (96 per cent), very
slightlysoluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison quinapril hydro<hloride CRS.
B. Specific optical rotation (see Tests).
C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Specific aptical rotation (2.2.7)
+ 14.4 to + 16.6 (anhydrous substance).

Dissolve 0.500 g in methanol Rand dilute to 25.0 mL with
me same solvent.

Diastereoisomers
Liquid chromatography (2.2.29). Prepare the ,olutions
immediarely before use.
Solvent mixture Adjust 500 mL of the mobile phase to
pH 6.5 with concentrated ammonia R.
Test solution Dissolve 100 mg of the substance to be
examined in the solventmixture and diluteto 50.0 mL with
the solventmixture.
Reference solulion (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 20.0 mL with the solvent mixture.
Reference solution (b) Dissolve the contents of a vialof
quinaprilfor peak identification CRS (containing impurities G,
H and I) in the solventmixture and dilute to 5.0 mL with
the solventmixture.
Column:
- size: / = 0.25 m,·0 = 4.0 mm;
- stationary phase: end-capped oaade<Ylsi!YI silica gd for

chromawgraphy R (5 pm),
- temperature: 25°C.

Mobile phase Mix 260 rnL of tetrahydrofuran R (non­
stabilised) with 140 rnL of a freshly prepared solution
containing 1.08 gIL of sodium oaanesalfonaie R and 2.88 gIL
of ammonium dihydrogen phosphate R) previously adjusted to
pH 4.5 with pho,phoric acidR.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 220 nm.

Injectiou 20 1'1-.
Run time 3.5 times the retention time of quinapril.
Identification of impurities Use the chromatogram supplied
with qm'napril for peak identification CRS and the
chromatogram obtained with reference solution(b) to
identify the peaks due to impurities G, H and 1.
Relative retention Withreference to quinapril (retention
time > about 18 min): impurity G;;;; about0.9;
impurity H = about 1.2; impurity I = about 1.3.

Sysum suitability Reference solution (b):
- resolution: minimum 1.5 betweenthe peaks due to

impurity G and quinapril;
- peak-{(}-1JalJey ratio: minimum 2.0, whereHp = height

above the baseline of the peak due to impurity Hand
HI) =height above the baseline of the lowest pointof the
curve separating this peakfrom the peakdue to quinapriJ.

82586-55-8

. Hel

415.0

Quinapril Hydrochloride

__________________~ PIlE"

PIlE" ~ ~ _

W.II-(4-[2-[2-(dibenzo[bJ] [l,4)thiazepin-II-yloxy)ethoxy]
ethyl)piperazin-I-yl)dibenzo[bJ][1,4] thiazepine.

U. dibenzo[bJ] [1,4]thiazepin-II-amine,

rN~o~OH

crNXN~
~U

T. Il-(morpholin-4-yl)dibenzo[bJ] [1,4]thiazepine,

V. 2- [2-[4-(phenanthridin-6-yl)piperazin-I-yl]ethoxy]ethanol,

Q-6NNH,
,,!J "

s I" 1
~

Action and use
Angiotensin converting enzyme inhibitor.

Preparation
Quinapril Tablets

DEFlNITION
(3S)-2-[(2S) -2- [[( IS) -I-(Ethoxycarbony1)-3­
phenylpropyl]amino]propanoyl]-l,2,3,4­
tetrahydroisoquinoline-3-carboxylic acidhydrochloride.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).
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Limin:
- impurities G, H, 1: for each impurity, not more than

3 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent).

Related substances
Liquid chromatography (2.2.29).

Solventmixture Mix 40 volumes of acetonitrile Rl and
60 volumes of a 2.88 gIL solution of ammoniumdihydrogen
phosphate R previously adjusted to pH 6.5 with dilute
ammonia Rl.
Testsolution Dissolve 50 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.

Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve the contents of a vial of
quinapri/ for system SUiUlbility CRS (containing impurities A,
C, D, E and G) in the solvent mixture and dilute to 5.0 mL
with the solvent mixture.

Reference solution (c) In order [Q prepare impurity M in situ,
dissolve 250 mg of the substance to be examined in methykne
chloride R and dilute to 5.0 mL with the same solvent.
Expose this solution to a source of ultraviolet ljght for 2.5 h
and evaporate the solvent. Dissolve 40 mg of the remaining
substance in me solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Column:
- size: I::::: 0.15 m, 0 ::::: 3.9 rom;
- statiouary phase: end-eapped oay/silyl silica gelfor

chromatography R (5 urn).

Temperature:
- column: 30 "C;
- autosampler: SoC.

lWobile phase aceumitri/e R1, 5.77 gIL solution of sodium
dodecyl sulfate R adjusted to pH 2.2 with phosphoric acidR
(48:52 VIII).

Flow rate 1.4 mUmin.

Detection Spectrophotometer at 214 om.

Injectiou 10 1'1..
Run time 3 rimes the retention time of quinapril.

Identificatio» of impuniies Use the chromatogram supplied
with quinapril for system suitabi/ily CRS and the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities AJ C, D, E and G: use the chromatogram
obtained with reference solution (c) to identify the peak due
to impurity M.

Rdalwe retention With reference to quinapril (retention
time =about 12 min): impurity A = about 0.1;
impurity C = about O.3j impurity D = about 0.4;
impurity M ::::: about 0.7j impurities G + H =about 0.9;
impurity E = about 2.3.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities C and D; minimum 1.5 between the peaks due
to impurity G and quinapril.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity E by 1.5;
- impurities CJ D: for each impurity, not more than 5 times

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.5 per cent);

Quinapril Hydrochloride II-775

- impurity A: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- impurities EJ .iW: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified imputiues: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent); disregard any peak due to impurities G
+H.

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on J.O g.

ASSAY
Dissolve 0.200 g in 50 mL of waterR. Titrate with o. I M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).
1 mL of 0.1 M sodium hydroxide is equivalent to 23.75 mg of
Cz,H3I ClN20,.

STORAGE
In an airtight container at a temperature of 2 °C to 8 °C.

IMPURITIES
Specified impun',ies AJ CJ DJ EJ GJ H, I, M.
Otherdelectable impuniies (thefollowing substances would, if
present at a sufficient level, bedeucud by uneor otherof the tests
in the mouograph. They a.. limited Iry the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for phannaeeutieal use (2034). It is
therefore rIot neussary to identify these impun'ties for
demonstration of compliance. See also 5.10. Control of impuniies
in substances for pharmaceutical use) B) J.

co
H !co,H

HN

I

A. (3S)-1,2,3,4-tetrahydroisoquinoline-3-carboxytic acid,

B. (2S)-2-[[( 1S)-I-(ethoxycarbonyl)-3-phenylpropyl]
amino]propanoic acid,
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C. (3S)-2-[(2S)-2-[[( 1S)-I-carboxy-3-phenylpropyl)
amino]propanoyl]-1,2,3,4-tetrahydroisoquinoline-3­
carboxylic acid,

D. ethyl (2S)-2-[(3S,llaS)-3-methyl-I,4-dioxo­
1,3,4,6,11,11a-hexabydro-2H-pyrazino[I,2-b]isoquinolin­
2-yl]-4-phenylbulanoale,

2022

]. (lR,3S)-2-[(2S)-2-[[( IS)-I-(ethoxycarbonyl)-3­
phenylpropyl]Chydroxy)amino]propanoyl]-I-hydroxy­
J,2,3,4-tetrahydrolsoqulnoline-3-carboxylic acid,

M. (IR,3S)-2-[(2S)-2- [[(1S)-I-(ethoxycarbonyl)-3­
phenylpropyl]amino]propanoyl]-I-hydroperoxy-I,2,3,4­
tetrahydroisoquinoline-3-carboxyJic acid.

__----~--------_---_PhE"

Quinidine Sulfate
Quinidine Sulphate

(Ph. Bur. monograph 0017)

E. (3S)-2-[(2S)-2-[[(lS)-3-cyclohexyl-l-
(ethoxycarbonyl)propyl]amino] propanoyl]-I,2,3,4­
tetrahydroisoquinoline-3-carboxylic acid,

G. (3R)-2-[(2S)-2-[[(IS)-I-(ethoxycarbonyl)-3­
phenylpropyl]amino]propanoyl]-1,2,3,4­
terrahydroisoquinoline--3-carboxylic acid,

Action and use
Class I antiarrhythmic.

Preparation
Quinidine Sulfate Tablets

783 6591-63-5

H. (3R)-2-[(2S)-2-[[( lR)-I-(ethoxycarbonyl)-3­
phenyIpropyl]amino]propanoyl]-1,2,3,4­
tetrahydroisoquinoline-3-carboxylic acid,

I. (3S)-2-[(2S)-2-[[(1R)-I-(ethoxycarbonyl)-3­
phenylpropyl]amino]propanoyl]-I,2,3,4­
tetrahydroisoquinoline-3-earboxylic acid,

PhE" _

DEFINlTION
Alkaloid mcnosulfates, expressed as bis[(S)-[(2R,4S,5R)-5­
ethenyl-I-azabicyclo[2.2.2]oet-2-yl](6-methoxyquinolin-4-yl)
methanol] sulfate dihydrate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder or silky, colourless
needles.

Solubility
Slightlysoluble in water, soluble in boiling water and in
ethanol (96 per cent), practicaUy insoluble in acetone.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.10 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.
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Reference solution Dissolve 0.10 g of quinidine sulfate CRS in
methanol R and dilute to 10 mL with the same solvent.

Plate TLC silica gel G plateR.

klobile phase diethylamine R, ether R, toluene R
(10:24:40 VIVIV).

ApplicatuJtl 5 J.lL.

Development Twice over a path of 15 em; dry in a current
of air for 15 min between the 2 developments.

Drying At 105 "C for 30 min and allow 10 cool.

Detection Spray with iodoplatinate reagent R.

ResullJ The principal spot in the chromatogram obtained
with the rest solution is similar in position) colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

B. Dissolve about 5 mg in 5 mL of waterR. Add 0.2 mL of
bromine waterRand 1 mL of dilute ammonia R2. A green
colour develops.

C. Dissolve 0.1 gin 3 mL of dilute sulftm"c acidR and dilute
to 100 mL with waterR. When examined in ultraviolet light
at 366 nm, an intense blue fluorescence appears which
disappears almost completely on addition of 1 mL of
hydrochloric acidR.

D. Dissolve about 50 mg in 5 mL of hot waterR, cool. add
1 mL ofsilver nitrate solution RJ and stir with a glass rod.
After a few minutes) a white precipitate is formed that
dissolves on the addition of dinue nitric acidR.
E. It gives reaction (a) of sulfates (2.3.1).

F. pH (see Tests).

TESTS
Solution S
Dissolve 0.500 g in 0.1 M hydrochloric acidand dilute to
25.0 mL with the same acid.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution GY6 (2.2.2, MethodIf).

pH (2.2.3)
6.0 to 6.8.

Dissolve 0.10 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Specific optical rotation (2.2.7)
+ 275 to + 290 (dried substance), determined on solution S.

Other cinchona alkaloids
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dissolve 20 mg of the substance to be
examined in 5 mL of the mobile phase, with gentle heating if
necessary) and dilute to 10 mL with the mobile phase.

Reference solution (a) Dissolve 20 mg of quinine sulfate CRS
(impurity A) in 5 mL of the mobile phase, with gentle
heating if necessary, and dilute to 10 mL with the mobile
phase.

Reference solution (b) Dissolve 20 mg of quinidine sulfate CRS
in 5 mL of the mobile phase) with gentle heating if necessary,
and dilute to 10 mL with the mobile phase.

Reference solution (c) . To 1 mL ofreference solution (a) add
1 mL of reference solution (b).

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL with the mobile phase.

Reference solution (e) Dissolve 10 mg of thiourea R in the
mobile phase and dilute to lO mL with the mobile phase.

Quinidine Sulfate II-777

Column:
- size: I:::: 0.15-0.25 m, 0 :::: 4.6 mm;
- stationary phase: oetadeqlsilyl silica gelfor chromatography R

(5-10 urn).

J.HobJ1e phase Dissolve 6.8 g of potassium dihydrogen
phosphare Rand 3.0 g of hexylamine R in 700 mL of waterR,
adjust 10 pH 2.8 with dilute phosphoric add R, add 60 mL of
acetonitrile R and dilute to 1000 mL with waterR.
Flow rale 1.5 mUmin.

Detection Spectrophotometer at 250 nm for reference
solution (e) and at 316 nm for the other solutions.

Jnjection 10 tIL.
Run time 2.5 times the retention time of quinidine.

Identification of peaks Use the chromatogram obtained with
reference solution (a) (0 identify the peaks due to impurity A
and dihydroquinine; use the chromatogram obtained with
reference solution (b) to identify the peaks due to quinidine
and impurity C; the chromatogram obtained with reference
solution (c) shows 4 peaks due to quinidine, impurity A)
impurity C and dihydroquinine which are identified by
comparison of their retention times with those of the
corresponding peaks in the chromatograms obtained with
reference solutions (a) and (b).

Relau"ve retention With reference to impurity A:
dihydroquinine = about 1.4.

Relativeretention With reference to quinidine:
impurity C =about 1.5.

System suitability:
- resolution: minimum 3.0 between the peaks due to

impurity A and quinidine and minimum 2.0 between the
peaks due to impurities C and A in the chromatogram
obtained with reference solution (c);

- signal-to-noise ratio: minimwn 4 for the principal peak in
the chromatogram obtained with reference solution (d);

- massdistribution ratio: 3.5 to 4.5 for the peak due to
quinidine in the chromatogram obtained with reference
solution (b), tR' being calculated from the peak due to
thiourea in the chromatogram obtained with reference
solution (e); if necessary) adjust the concentration of
acetonitrile in the mobile phase.

Limits:
- impun·ty C: maximum 15 per cent;
- any impun·ty eluted be/ore quinidine: for each impurity,

maximum 5 per cent;
- airyotherimpun·ty: for each impurity) maximum

2.5 per cent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (d)
(0.2 per cent),

Boron
Maximum 5 ppm. Avoid where possible the use of glassware.
Test solution Dissolve 1.00 g in a mixture of 0.5 mL of
hydrochloric acidRand 4.0 mL of water R.
Reference solution Dissolve 0.572 g of boric acidR in waterR
and dilute to 1000.0 mL with the same solvent. Dilute
5.0 mL of the solution to 100.0 mL with waterR.
To 1.0 mL of this solution add 3.0 mL of waterRand
0.5 mL of hydrochlotic acid R.

Blank solution Add 0.5 mL of hydrochloric add R to 4.0 mL
of waterR.

Add 3.0 mL of a 100 gIL solution of 2-ethylhexane-l,3-<1iol R
in methylene chloride R to the test solution, to the reference
solution and to the blank solution) then shake for I min.
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549-56-4

,H2SO,

548.6

6yCH2

H

Action and use
Antiprotozoal (malaria).

Preparation
Quinine Bisulfate Tablets

"" HO

OMe

Quinine Bisulfate
Quinine Bisulphate

DEFINITION
Quinine Bisulfate is (8S,9R)-6'-methoxycinchonan-9-01
hydrogen sulfate heptahydrate. It contains not less than
98.5% and not more than 101.5% ofalka1oid hydrogen
sulfates, calculated as C2oH24N202,H2S04 with reference to
the anhydrous substance.

CHARACTERISTICS
Colourless crystals or a white, crystalline powder; efflorescent
in dryair.
Freely soluble in Water; sparingly soluble in ethanol (96%).

IDENTIFICATION
A. Carry out the method for .hin-Iayer ehromawgraphy,
Appendix ill A, usingSIlica gel G as the coating substance
and a mixture of 15 volumes of diethylamine, 36 volumes of
ether and 60 volumes of toluene as the mobile phase. Apply
separately to the plate 4 JlL of each of three solutions in
methanol containing (1) 1.0% wlv of the substance being
examined, (2) 1.0% wlv of quinine sulfare BPCRS and (3)
1.0% wlv each of quinidine sulfate BPCRS andquinine
sulfate BPCRS. After removal of the plate) dryit in a current
of airfor 15 minutes and repeat the development. Dry the
plateat 1050 for 30 minutes, allow it to cool and spray with
iodoptatinou reagent. The principal spot in the chromatogram
obtained with solution (1) is similar in position, colourand
size to thatin the chromatogram obtained withsolution (2).
The test is not valid unless the chromatogram obtained with
solution (3) shows two clearly separated spots.
B. Complies with the test for Acidity.

c. Yields the reactions characteristic of sulfates)
Appendix VI.

TESTS
Acidity
pH of a 1% wlv solution, 2.8 to 3.4, Appendix V L.

Specific optical rotation
In a 3% wlv solution in O.IM hydrochlori< acid, -208 to -216,
calculated with reference to the anhydrous substance,
Appendix V F.

Other cinchona alkaloids
Carry out the method for liquid ehromawgraphy,
Appendix ill D, using the following solutions. For solution
(1) dissolve 20 mg of the substance beingexamined, with
gentleheating if necessary, in 5 mL of the mobile phase and
dilute 10 10 mL with the mobile phase. Prepare solutions (2)
and (3) in the same manner using quinine sulfate BPCRS and
quinidine sulfate BPCRS respectively in placeof the substance
being examined. Solution (4) is a mixture of equal volumes

H,CD "-

HO···,<,.I/'-/

H

Allow to standfor 6 min. To 1.0 mL of the lower layer, add
2.0 rnL of a 3.75 glLsolution of curcumin R in anhydrous
acetic acidRand 0.3 mL of sulfun"c acid R. Mix and after
20 min add 25.0 mL of ethanol (96 per eenr) R. Mix.
The blanksolution is yellow.Any red colour in the test
solutionis not more intense than that in the reference
solution.

Loss on drying (2.2.32)
3.0 per cent to 5.0 per cent, determined on 1.000 g by
drying in an oven at 130°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 20 mL of acetic anhydride R. Titrate with
0.1 M perehloric acid, using 0.15 mL of naphrholbenzein
solution R as indicator.
I mL of 0.1 M perchlorie acid is equivalent to 24.90 fig

of C4oHsoN"OsS.

STORAGE
Protected from light.

IMPURITIES

A. (R)-[(2S,4S,5R)-5-ethenyl-l-azabicyclo[2.2.2]oct- 2-yl](6­
methoxyquinolin-4-yl)methanol (quinine),

B. (S)-[(2R,4S,5R)-5-ethenyl-I-azabicyclo[2.2.2)OCl-2-yl)
(quinolin-4-yl)methanol (cinchonine),

C. (S) -[(2R,4S,5R)-5-ethyl-I-azabicyclo[2. 2.2)oct-2-yl)(6­
methoxyquinolin-4-yl)methanol (dihydroquinidine).

________________~ !'tiE"
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OMe

Quinine Dihydrochloride

of chloroform. Wash the combined chloroform extracts with
20 mL of water, combine the aqueoussolutionsand reserve
for the test for Titratable cation. Dry the chloroform extracts
with anhydrous sodium sulfate, evaporate to dryness at a
pressure of 2 kPa and dissolve the residue in 50 mL of
anhydrous acetic acid. Cany out method1 for non-aqueous
titration, Appendix VllI A, using crystal violetsolution as
indicator. Each mL of O.lM perchlotic acid VS is equivalent to
21.13 mg of C2oH2..N202,H2SO,.

STORAGE
Quinine Bisulfate should be protected from light.

60-93-5

~H-H .2HCI
N~CH2

H

397.3CzoH2..N202,2HCl

Action and use
Antiprotozoal (malaria).

Preparation
Quinine Dihydrochloride Infusion

DEFINITION
Quinine Dihydrochloride is (8S,9R)-6'-methoxycinchonan-9­
01 dihydrochJoride. It contains not less than 99.0% and not
more than 101.0% of alkaloid dihydrochlorides, calculated as
CzoH2~202J2HCIJ with reference to the dried substance.

CHARACTERISTICS
A white or almost whitepowder.
Very soluble in water; soluble in ethanol (96%).

IDENTIFICATION
A. Carry out the method for thin-layer chromatography
(2.2.27), Appendix III A, using the following solutions in
methanol.
(1) 1.0% w/v of the substance being examined.
(2) 1.0% w/v of quinine sulfate BPCRS.

(3) 1.0% wlv each of quinidine sulfate BPCRS and quinine
sulfate BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gel G.
(b) Use the mobile phase as described below.

(c) Apply 4 VL of each solution.

(d) Develop the plate to 15 ern.
(e) Afterremoval of the plate, dryit in a current of airfor
15 minutes and repeat the development. Dry the plate at
105° for 30 minutes, allow to cool and spray with
iodoptatmate reagent.

MOBILE PHASE

15 volumes of diethylamine, 36 volumes of ether and
60 volumes of toluene.

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtainedwith
solution (3) shows two clearly separated spots.

of solutions (2) and (3). For solution (5) dilute 1 volume of
solution (2) to 10 volumes with the mobile phase and dilute
1 volume of the resulting solution [Q 50 volumes with the
mobile phase. Solution (6) contains 0.10% wlv of thiourea In
the mobile phase.
The chromatographic procedure may be carried out using
(a) a stainless steel column (25 cm x 4.6 mm) packed with
oetadecylsilyl silica gelfor chromatography (5 urn) (Hypecsil
ODS 5 urn is suitable), (b) as the mobile phase with a flow
rate of 1.5 mL per minute a solution prepared by dissolving
6.8 g of potassium dihydrogen orthoPhosphate and 3.0 g of
hexylamine in 700 mL of water, adjusting the pH to 2.8 with
1M onhophosphorU: acid, adding60 mL of acetonitrile and
diluting to 1000 mL with waterand (c) a detection
wavelength of 250 nm for recording the chromatogram
obtained with solution (6) and 316 nm for the other
solutions.
Inject separately 10 VL of each of solutions (3) and (6).
If necessary adjust the concentration of acetonitrile in the
mobile phaseso thatin the chromatogram obtainedwith
solution (3) the capacity factor of the peakdue to quinidine is
3.5 to 4.5, Vo being calculated from the peakdue to
thiourea in the chromatogram obtained with solution (6).
Inject 10 vL of each of solutions (2), (3), (4) and (5).
The chromatogram obtainedwith solution (2) shows a
principal peak due to quinidine and a peakdue to
dihydroquinine whh a retention time relative to quinine of
about 1.4. The chromatogram obtained with solution (3)
shows a principal peak due to quinidine and a peak due to
dihydroquinidine, with a retention time relative to quinidine
of about 1.2. The chromatogram obtained with solution (4)
shows fourpeaks due to quinine, dihydroquinine, quinidine
and dihydroquinidine which are identified by comparison of
their retention times with those of the corresponding peaksin
the chromatograms obtained with solutions (2) and (3).

The test is not valid unless (a) in the chromatogram obtained
with solution (4) the resolution factor between the peaksdue
to quinineand quinidine is at least 1.5 and the resolution
faaor betweenthe peaksdue to dihydroquinidine and quinine
is at least 1.0 and (b) the signal-to-noise ratio of the principal
peak in the chromatogram obtained withsolution (5) is at
least 5.

Inject 10 VL of solution (I) and allow the chromatography to
proceed for 2.5 times the retention time of the principal
peak. Calculate the percentage content of related substances
by normollsaion, disregarding anypeaks the areas of which
are less than that of the peak in the chromatogram obtained
with solution (5) (0.2%). The content of dihydroquinine is
not greater than 10%, thecontent of any related substances
eluting before quinineis not greater chan 5% and the content
of any otherrelated substances is not greater than 2.5%.
Sulfated ash
Not more than 0.1 %,Appendix IX A.

Water
19.0 to 25.0% w!w, Appendix IX C. Use 0.2 g.
Titratable cation
75.3 to 79.6%,calculated with reference to the anhydrous
substance, when determined by the following method.
Add to the combined aqueoussolutions reserved in the Assay
0.1 mL of phenolphthalein solution Rl and titrate with O./M
hydrochlori< acid VS. Each mL of O.IM sodium hydroxide VS is
equivalent to 16.32 mg of [CzOH2oN2021'+.

ASSAY
Dissolve 0.45 g in 15 mL of water. Add 25 mL of O.IM
sodium hydroxide VS and extract with three 25 mL quantities
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PhE" _

DEFINITION
Alkaloid monohydrochlorides, expressed as (R)-[(2S,4S,5R)­
5-ethenyl-I-azabicyclo[2.2.2]uct-2-yij (e-methoxyquinolin-t­
yl)methanol hydrochloride dihydrate.

6119-47-7

HCI , 2~O

396.9

SYSTEM SUITABILITY

The test is not validunless (a) in the chromatogram obtained
with solution (4) the resolutWn between the peaks due to
quinine and quinidine is at least 1.5 and the resolution
between me peaksdue to dihydroquinidine and quinine is at
least 1.0 and (b) the signal-to-noise ratio of the principal peak
in the chromatogram obtained withsolution (5) is at least 5.

The chromatogram obtained withsolution (2) shows a
principal peak due to quinidine and a peakdue to
dihydroquinine with a retention time relative to quinine of
about 1.4. The chromatogram obtained with solution (3)
shows a principal peak due to quinidine and a peakdue to
djhydrcquinidine, with a retention time relative to quinidine
of about 1.2. The chromatogram obtained with solution (4)
shows four peaksdue to quinine,dihydroquinine, quinidine
and dihydroquinidine which are identified by comparison of
their retention times with those of the corresponding peaks in
the chromatograms obtained with solutions (2) and (3).

LIMITS

In the chromatogram obtained with solution (1):

the content of dihydroquinine is not greater than 10%;
the content of any reJated substance elutingbeforequinineis
not more than 5%;
the content of any otherrelated substance is not more than
2.5%.

Disregard any peak with an area less thanthat of the peak in
me chromatogram obtainedwithsolution (5).

Los. on drying (2.2.32)
When dried to constantweightat 105(1) loses not more than
3.0% of its weight. Use 1 g.

Sulfated ash (2.4.14)
Not more than 0.1%) Appendix rx A.

ASSAY
Dissolve 0.150 g in a mixture of 10 mL of waterand 50 mL
of ethanol. Titrate with O.lM sodium hydroxide, determining
the end-point potentiometrically, Appendix vmB.

Each mL of O.IMsodium hydroxide is equivalent to 39.73 mg
of C,oH2.N202,2HCI.

STORAGE
Quinine Dihydrochloride should be protected from light.

Quinine Hydrochloride
(ph. Eur. monograph 0018)

:I~
H3CO H

HO--7"'-J./",,/
H

Action and use
Antiprotozoal (malaria).

CzoH2,CJN202>2H20

Sulfate (2.4.11)
0.125 g complies with the limit test for sulfates Appendix VII
(0.12%).

Other cinchona alkaloids
Carry out the method for liquidchromatography (2.2.29)
Appendix ill D, using the normalisation procedure and the
following solutions in the mobile phase.
(1) Dissolve 20 mg of the substance being examined, with
gentle heating if necessary, in 5 mL and dilute to 10 mL
(2) Prepare as for solution (1) but using quinine
sulfate BPCRSin place of the substance being examined.
(3) Prepare as for solution (I) but using quinidine
sulfate BPCRS in place of the substance being examined.

(4) Mix equal volumes of solutions (2) and (3).

(5) Dilute I volume of solution (2) to 10 volumes and dilute
1 volumeof the resulting solution to 50 volumes.
(6) 0.10% wlv of thiourea,

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with /X.adecylsilyl ,ilicagelfor chromatography (5 urn) (Hyperail
ODS 5 ~m is suitable).

(b) Use isocratic elution and the mobilephase described
below.

(c) Use a flow rate of 1.5 mL per minute.

(d) Use an ambient column temperature.
(e) Use a detectionwavelength of 250 run for recording the
chromatogram obtained with solution (6) and a detection
wavelength of 316 om for the othersolutions.
(I) Inject 10 ~L of eacb solution. Inject separately 10 J1l. of
each of solutions (3) and (6).

(g) Fur solution (I) allow the chromatography to proceed for
2.5 times the retention time of the principal peak.

MOBILE PHASE

Dissolve 6.8 g of potassium dihydrogen orrhophosphau and
3.0 g of hexylamine in 700 mL of waur, adjust to pH 2.8
with 1M orthophosphon·c mid) add 60 mL of acetonitrile and
dilute to 1000 mL with water. If necessary adjust the
concentration of acetonitrile in the mobilephase so that in
me chromatogram obtained with solution (3) the capacity
factor of the peakdue to quinidine is 3.5 to 4.5) Vo being
calculated from the peakdue to thiourea in the
chromatogram obtained withsolution (6).

CONFIRJ.'ill\TION

The principal spot in the chromatogram obtainedwith
solution (1) corresponds in position, colour and size to that
in the chromatogram obtained with solution (2).
B. Complieswith the test for Acidity.
C. Yieldsreaction A characteristic of chlorides, (2.3.1)
Appendix VI.

TESTS
Acidity
pH of a 3% wlv solution, 2.0 to 3.0, Appendix V L.
Specific optical rotation (2.2.7)
In a 3% wlv solutionin O.IM hydrochlotic acid, -223 [0 -229
calculated with reference to the dried substance)
Appendix V F.

Barium
To 15 mL ofa 2.0% wlv solution add I mL of 1M sulfuric
acid.The solutionremains clearfor at least 15 minutes.
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Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white or colourless, fine, silky needles, often
in clusters.

Solubility
Soluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.10 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Reference solution Dissolve 0.10 g of quinine sulfate CRS in
methanolRand dilute to 10 mL with me same solvent

PIa'" TLG silica gel G plate R.
Mobile phase diethylamine R, ether R, toluene R
(10:24:40 VIVIV).

Application 5~.

Development Twice over a path of 15 em; dry in a current
of air for 15 min between the 2 developments.

Drying At 105 °C for 30 min and allow to cool.

Detection" Spray with iodoptadnase reagem R.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

B. Dissolve about 10 mg in water R and dilute to 10 mL
with the same solvent. To 5 mL of this solution add 0.2 mL
of bromine waterR and I mL of diluteammonia R2. A green
colour develops.

C. Dissolve 0.1 gin 3 mL of dilutesulfuri< add R and dilute
to 100 mL with water R. When examined in ultraviolet light
at 366 nm, an intense blue fluorescence appears which
disappears almost completely on the addition of 1 mL of
hydrochloric acid R.
D. It gives the reactions of chlorides (2.3.1).

E. pH (see Tests).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R prepared from
distilled waterR and dilute to 50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method II).

pH (2.2.3)
6.0 to 6.8.

Dilute 10 mL of solution S to 20 mL with carbon dioxide-free
waterR.

Specific optical rotation (2.2.7)
-245 to -258 (dried substance).

Dissolve 0.500 g in 0.1 M hydrochkJric acidand dilute to
25.0 mL with the same acid.

Other cinchona alkaloIds
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dissolve 20 mg of the substance to be
examined in 5 mL of the mobile phase, with gentle heating if
necessary, and dilute to 10 mL with the mobile phase.

Quinine Hydrochloride II-781

Reference solution (a) Dissolve 20 mg of quinine sulfate CRS
in 5 mL of the mobile phase, with gentle heating if necessary,
and dilute to 10 mL with the mobile phase.

Reference solution (b) Dissolve 20 mg of quinidine sulfate GRS
(impurity A) in 5 mL of the mobile phase, with gentle
heating if necessary, and dilute to 10 mL with the mobile
phase.

Reference solution (c) To I mL of reference solution (a) add
I mL of reference solution (b).

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL with the mobile phase.

Reference solution (e) Dissolve 10 mg of thiourea R in me
mobile phase and dilute to 10 mL with me mobile phase.

Column:
- size: 1= 0.15-0.25 m, 0 = 4.6 mm;
- stationary phase= o<:tade<ylsilyl silica gelfor

chromatography R (5-10 urn).

Mobile phase Dissolve 6.8 g of potassium dihydrogen
phospha'" Rand 3.0 g of hexylamine R in 700 mL of WQ"'r R,
adjust to pH 2.8 with dilute phosphoric acid R, add 60 mL of
acetonitrile R and dilute to 1000 mL with waterR.
Flow rale 1.5 mUmin.

Detection Spectrophotometer at 250 run for reference
solution (e) and at 316 nm for me ether solutions.

Injection I0 ~L.

Run time 2.5 tunes me retention time of quinine.

ldendficodon ofpeaks Use the chromatogram obtained with
reference solution (a) to identify the peaks due to quinine
and impurity Cj use me chromatogram obtained with
reference solution (b) to identify the peaks due to impurity A
and dihydroquinidine; the chromatogram obtained with
reference solution (c) shows 4 peaks due to impurity A,
quinine, dihydroquinidine and impurity C, which are
identified by comparison of their retention times with those
of the corresponding peaks in the chromatograms obtained
with reference solutions (a) and (b).

Relauve retention With reference to quinine:
impurity C = about 1.4.

Relativeretention With reference to impurity A:
dihydroquinidine = about 1.5.

System mitability:
- resolution: minimum 3.0 between the peaks due to quinine

and impurity A and minimum 2.0 between the peaks due
to dihydroquinidine and quinine in the chromatogram
obtained with reference solution (c)j

- signal-to-noise ratio: minimwn 4 for the principal peak in
the chromatogram obtained with reference solution (d);

- massdistribution ratio: 3.5 to 4.5 for the peak due to
impurity A in the chromatogram obtained with reference
solution (b), tR' being calculated from the peak due to
thiourea in the chromatogram obtained with reference
solution (e)j if necessary, adjust the concentration of
acetonitrile in the mobile phase.

Limits:
- impun'lyC: maximum 10 per cent,
- any impwity eluted before quinine: for each impurity,

maximum 5 per cent;
- atry otherimpurity: for each impurity, maximum

2.5 per cent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (d)
(0.2 per cent),

www.webofpharma.com



II-782 Quinine Sulfate 2022

PflEur- _

**** ** ** ****

6//9-71J.-6783

Quinine Sulfate
Quinine Sulphate

(Ph. Eur. monograph 00/9)

C,oH,oN,O,S,2H20

Action and use
Antiprotozoal (malaria).

Preparation
Quinine Sulfate Tablets

DEFINITION
Alkaloid monosulfates, expressed as bis[(R)-[(2S,4S,5K)-5­
ethenyl-I-azabicyclo [2.2.2]oct-2-yl](6-methoxyquinolin-4-yl)
methanol] sulfate dihydrate.

Content
99.0 percent to 101.0 percent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder or fine, colourless
needles.

Solubility
Slightly solublein water, sparingly soluble in boiling water
and in ethanol (96 per cent).

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.10 g oCthe substance to be
examined in methanol R and dilute to 10 mL wilh the same
solvent.
Reference solution Dissolve 0.10 g of quinine sulfate CRS in
methanol R and dilute to 10 mL with the same solvent.
Plate TLC silica gel G plateR.

Mobile phase diethylamine R, ether R, toluene R
(10:24:40 VIVIJI).

Apph'eatiou 5 ~L.

Development Twice overa pathof 15 cm; dry in a current
of air for 15 min between the 2 developments.
Drying At 105 °C for 30 min and allowto cool
Detection SP'l'y with iodoptadnate reage", R.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.
B. Dissolve about 5 mg in 5 mL of waterR. Add 0.2 mL of
bromine water Rand 1 mL of dilute ammonia R2. A green_
colourdevelops.
C. Dissolve 0.1 g in 3 mL of dilute sulfuric acidR and dilute
to 100 mL with water R. When examined in ultraviolet light
at 366 run, an intense blue fluorescence appears which
disappears almost completely on the addition of 1 mL of
hydrochloric acid R.

Sulfates (2.4.13)
Maximum 500 ppm, determined on solution S.

Barium
To 15 mL of solution S add I mL of dilute sulfuric acidR.
Allow to stand for 15 min. Any opalescence in the solution is
not more intense dian that in a mixture of 15 mL of
solution S and I mL of diuilled waler R.

Loss on drying (2.2.32)
6.0 per cent to 10.0 per cent, determined on 1.000 g by
drying in an oven at 105°C.

Sulfated ash (2.4./4)
Maximum 0.1 per cenr.determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of ethauof (96 percm() R and add
5.0 mL of 0.0/111 hydrochloric acid. Titrate with 0./ 111
sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Read the volume added between
the 2 inflexion points.

I mL of 0.1111 sodium hydroxide is equivalent to 36.09 mg of
C,oH"CIN20 ,

STORAGE
Protected from light.

IMPURITIES

A. (S)-[ (2R,4S,5R)-5-ethenyl-I-azabicyclo[2.2.2]oct-2-yl)(6­
methoxyquinolin-4-yl)methanol (quinidine),

B. (R) -I(2S,4S,5R)-S-ethenyl-Lazabicyclo [2.2.2Joct-2-yl]
(quinolin-4-yl)methanol (cinchonidine),

C. (R)-[(2S,4S,5K)-5-ethyl-I-azabicyclo[2.2.2]oct-2-yl](6­
methoxyquinolin-4-yl)methanol (dihydroquinine).

___________________ PnE<I
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.,
H

S)'stem suitability:
- resolution: minimum 3.0 between the peaks due to quinine

and impurity A and minimum 2.0 between the peaks due
to dihydroquinidine and quinine in the chromatogram
obtained with reference solution (c);

- signal-to-noise ratio: minimum 4 for me principal peak in
the chromatogram obtained with reference solution (d);

- massdistribution ratio: 3.5 to 4.5 for the peak due to
impurity A in the chromatogram obtained with reference
solution (b), tR' being calculated from the peak due to
thiourea in the chromatogram obtained with reference
solution (e); if necessary, adjust the concentration of
acetonitrile in the mobile phase.

Limits:
- impurity C: maximum 10 per cent;
- any impun·ty eluted before quinine: for each impurity)

maximum 5 per cent;
- any otherimpurity: for each impurity) maximum

2.5 per cent;
- disregard limit: the area of me principal peak in the

chromatogram obtained with reference solution (d)
(0.2 per cent).

Loss 00 drying (2.2.32)
3.0 per cent to 5.0 per cent, determined on 1.000 g by
drying in an oven at 105 "C.

Sulfated ash (2.4. If)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 10 mL of chlorofonn Rand
20 mL of acetic anhydride R. 'Titrate with 0.1M perchlonc
acid, determining the end-point poteotiometrically (2.2.20).

I mL of 0.1 M perchlali< acid is equivalent to 24.90 mg
of C,oH,oN,O.S.

STORAGE
Protected from light.

IMPURITIES

HO-··~·,,'/....... /

H

A. (S)-[ (2R,4S,5R) -5-ethenyl-I-azabicydo[2.2.2]oct-2-yl] (6­
methoxyquinolin-4-yl)methaool (quinidine),

B. (R)-[(2S,4S,5R)-5-ethenyl-I-azabicydo[2.2.2] oct-2-yl]
(quinolin-4-yl)methanol (cinchonidine),

D. Dissolve about 45 mg in 5 mL of dilute hydrochloric
acidR. The solution gives reaction (a) of sulfates (2.3.1).

E. pH (see Tests).

TESTS
Solutioo S
Dissolve 0.500 ginO. 1 M hydrochloric acidand dilute to
25.0 rnLwith the same acid.

Appearance of solution
Solution S is clear (2.2.1) and not more intenselycoloured
than reference solution GY6 (2.2.2J Method II).

pH (2.2.3)
5.7 to 6.6 for a 10 gIL suspension in water R.

Specific optical rotation (2.2.7)
-237 to -245 (dried substance), determined on solution S.

Other cinchona alkaloids
Liquid chromatography (2.2.29): use the normalisation
procedure.
Testsolution Dissolve 20 mg of the substance to be
examined in 5 mL of the mobile phase, with gentle heating if
necessary, and dilute to 10 mL with the mobile phase.

Reference solution (aJ Dissolve 20 mg of quinine sulfate CRS
in 5 mL of the mobile phase, with gentle heating if necessary,
and dilute to 10 mL with the mobile phase.

Referenusolution (b) Dissolve 20 mg of quinidine sulfate CRS
(impurity A) in 5 mL of me mobile phase, with gentle
heating if necessary) and dilute to 10 mL with the mobile
phase.

Reference solution (c) To 1 mL of reference solution (a) add
1 mL of reference solution (b).

Reference solution (d) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 50.0 mL wiLh the mobile phase.

Reference solution (e) Dissolve 10 mg of thiourea R in the
mobile phase and dilute to 10 mL with the mobile phase.

Column:
- size: 1= 0.15-0.25 m, 0 = 4.6 mm;
- slarionary phase: ocrade<ylsilyl silica gelfor chromatography R

(5-10 urn).

iWo&ile phase Dissolve 6.8 g of potassium dihydrogen
phosphore Rand 3.0 g of hexy/amine R in 700 mL of waur R,
adjust to pH 2.8 with dl1ure phosphoric acidR, add 60 mL of
acetonitrile R and dilute to 1000 mL with waterR.

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 250 run for reference
solution (e) and at 316 nm for the other solutions.

lnjeaion 10 ~L.

Run time 2.5 limes the retention time of quinine.

Identification of peaks Use me chromatogram obtained with
reference solution (a) to identify the peaks due to quinine
and impurity C; use the chromatogram obtained with
reference solution (b) to identify the peaks due to impurity A
and dihydroquinidine; the chromatogram obtained with
reference solution (c) shows 4 peaks due to impurity A)
quinine) dihydroquinidine and impurity C which are
identified by comparison of their retention times with those
of the corresponding peaks in the chromatograms obtained
with reference solutions (a) and (b).

Relative retention With reference (Q quinine:
impurity C = about 104.

Re/alive retention With reference to impurity A:
dihydroquinidine = about 1.5.
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___________________ P>E"

Test solution (b) Dilute 5.0 mL of test solution (a) (0

50.0 mL with the solvent mixture.
Reference solution (a) Dilute l.0 mL of test solution (a) to
100.0 mL with the solventmixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference solution (b) Dissolve 5 mg of rabepraxole for system
suitability CRS (containing impurities A and H) in the solvent
mixture and dilute to 5.0 mL with the solventmixture.
Reference sdution (c) Dissolve 20.0 mg of rabeprazole sodium
hydrate CRS in the solvent mixture and dilute to 20.0 mL
with the solvent mixture. Dilute 5.0 mL of the solution to
50.0 mL with the solventmixture.
Column:
- size: I ;;;; 0.25 00, 0 ;;;; 4.6 mm;
- stationary phase: base-deactioated end-capped oetodecylsilyl

silica gelfor chromatography R (5 pm),
- temperature: 45 "C.

Moln7, phase:
- mobile phase A: mix 5 volumes of acetonitrile Rand

95 volumes of a 4.35 gIL solution of dipotassium hydrogen
phosphate R previously adjusted to pH 7.0 with phosphoric
acidR;

- mobile phase B: methanol Rj
- mobile phase C: acetonitrile R;

**** ** ** ****

117976-90-6381.4

HO···, "'--L.......,,/

H

""IH,CO

(Ph. Eur. monograph 2868)

Rabeprazole Sodium

C. (R)-[(2S,4S,5R)-5-ethyl-l-azabicyclo[2.2.2] oct-2-yl](6­
methoxyquinolin-4-yl)methanol (dihydroquinine).

Action and use
Proton pump inhibitor; treatment of peptic ulcerdisease.

P>E" _

DEFINITION
Sodium 2-[(RS)-[(4-(3-metlioxypropoxy)-3-methylpyridin-2­
yl]methyl]sulfinyl]benzimidazol-I-ide.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellowish-white, hygroscopic powder.

Solubility
Very soluble to freely soluble in water, freely soluble in
anhydrous ethanol, practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve the substance to be examined in
methanol R, evaporate to dryness and record the spectrum
using the residue.
Comparison Repeat the operations using rabeprazole sodium
h)<fra'" CRS.
B. Loss on drying (see Tests).

C. It gives reaction (a) of sodium (2.3.1).

TESTS
pH (2.2.3)
9.5 to n.s.
Dissolve 0.100 g in carbo" dioxide-free waterR and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from lighc
So/vetil mixture methanol R, 0.1 M phosphate buffer solutien
pH 11.3 R (20:80 VIV).
Test solution (a) Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Tlm.e MobUe phase A MobUe phase B MobUe phase C
(miD) (per cent V/l? (per cent VIJI) (per cent VIJI)

0-2 100 0 0

Z-7 100 --> 85 0 0 ..... 15

7 - 27 85 --> 30 0-->40 15 --> 30

27 - 32 30 ..... 15 40 ..... 55 30

Flow race 1.0 mIimin.
Detection Spectrophotometer at 280 DID.

Autosampkr Set at 6 "C.

[njution 5~ of test solution (a) and reference solutions (a)
and (b).

Identification of impuriti<s Use the chromatogram supplied
with robeprasole for system suitability CRS and the
chromatogram obtained withreference solution (b) to
identify the peaksdue to impurities A and H.
Relative retention With reference to raheprazole (retention
time = about 19 min): impurity A = about 0.9;
impurity H =about 0.98.

System suitability Reference solution(b):
- peak-UJ-VaOey ratio: minimum 1.5, where Hp ;;;; height

above me baseline of the peakdue to impurity Hand
H; ;;;; height abovethe baseline of the lowest point of the
curveseparating this peakfrom the peakdue to
rabeprazole.

Calculation of percentage conren,,: i
- for each impurity, use the concentration of rabeprazole

sodium in reference solution (a).
Limits:
- impun"ty A: maximum 0.8 per cent;
- unsp«ijied impuruies: foreach impurity, maximum

0.10 per cent;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Loss nn drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g.
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ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substanceswith the following modification.
Injection Test solution (b) and reference solution (c).
Calculatethe percentage content of CIsH2oN3Na03S taking
into account the assigned content of rabeprazole sodium
hydrate GRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impuniies A.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by one or other of the USlS

in the monograph. Theyare limited by the general acceptance
criterion fOT other/unspedfied impurities ond/or by thegeneral
monogroph Substances for phonna<euticol use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) B, C, D, E, F, GJ H,
I, K.

A. 2-[[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl]
sulfonylJ-IH-benzimidazole,

B. 2-[[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl]
sulfanyl]-IH-benzimidazole,

Rabeprazole Sodium Hydrate H-785

F. IH-benzimidazole-2-l:hioJ,

QNH CH,

NJ-.. ~OCH'S I

N "'"

G.2-[[(4-methoxy-3-methylpyridin-2-yl)methyl]sulfanyl]-IH­
benzimidazole,

Q
# NH CH,

J-.. ~ClN ~ I ~ andenantiomer

ON"",

H. 2-[(RS)-[(4-chloro-3-methylpyridin-2-yl)methyl]sulfinyl]­
IH-benzimidazole,

I. 2-[[(IH-benzimidazol-2-yl)sulfonyl)methyl]-4-(3­
methoxypropoxy)-3-methylpyridine I-oxide,

K. IH-benzimidazol-2-01.
____________________ PIlE"

C. 1-( IH-benzimidazol-2-yl)-3-methyl-4-oxo-l,4­
dihydropyridine-2-earboxylic acid,

Rabeprazole Sodium Hydrate
(Ph. EUT. monograph 2331)

Q# NNa CH,

NJ-..S~O~OCH'
" Io N # andenantiomer

**** ** ** ****

xH,o

C"H,oN,NaO,S,xH,O 381.4 (arthydrous substance)

891I91-56-3

D.2-[[(RS)-(IH-benzimidazol-2-yl)sulfinyl]methyl]-4-(3­
methoxypropoxy)- 3-methylpyridine I-oxide,

E. 2-[(RS)-[(4-methoxy-3-methylpyridin-2-yl)methyl]
sulfinyl]-IH-benzimidazole,

Action and use
Proton pump Inhibitor; treatment of peptic ulcer disease.

PIIE« _

DEFINITION
Sodium 2-[(RS)-[[4-(3-methoxypropoxy)-3-methylpyridin-2­
yl]methyl]sulfinyl]benzimidazol-l-ide hydrate.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

It contains a variable quantity of water.
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11-786 Rabeprazole Sodium Hydrate

CHARACTERS
Appearance
White Or slightly yellowish-white, hygroscopic, amorphous or
crystalline powder.

Solubility
Very soluble to freely soluble in water, freely soluble in
anhydrous ethanol, practically insoluble in heptane.

It shows polymorphism (5.9).

IDENflFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison rabeprazole sodium hydrate CRS.

If me spectra obtained in the solid state show differences,
dissolve the substance to he examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.

B. Water (see Tests).

C. It gives reaction (a) of sodium (2.3.1).

TESTS
pH (2.2.3)
9.5 to 11.5.

Dissolve 0.100 g in carbon dioxide-free Waler R and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Cany aut the test praeaed
from light

Solventmixture methanol R. 0.1 kf phosphate buffer solution
pH 11.3 R (20:80 VW).

Test solutwn (a) Dissolve,20.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Test solulwn (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with the solvent mixture.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solunon (b) Dissolve 5 mg of rabeprasole for system
suitability CRS (containing impurities A and H) in the solvent
mixture and dilute to 5 mL with the solvent mixture.

,Reference so/mum (c) Dissolve 20.0 mg of rabeprazole sodium
hydrate CRS in the solvent mixture and dilute to 20.0 mL
with the solvent mixture. Dilute 5.0 mL of the solution to
50.0 mL with the solvent mixture.

Column:
- size: I;;;; 0.25 rn, ({) = 4.6 rom;
- stationary phase: bose-deaaiuated end-capped oCladecylsilyl

silica gelfor chromatography R (5 um);
- temperature: 45 DC.

Mobile phase:
- molnle phaseA: mix 5 volumes of acetonitrile Rand

95 volumes of a 4.35 gIL solution of dipotassium hydrogen
phosphate R previously adjusted to pH 7.0 with phosphoric
acidRj

- mobile phaseB: methanol Rj
- mobile phase C: acetonitrile R;

2022

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 280 om.

Awosampler Set at 6 DC.

Injection 5 ilL of test solution (a) and reference solutions (a)
and (b).

Identification of impurities Use the chromatogram supplied
with rabeprazole for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and H.

Relative retention With reference to rabeprazole (retention
time =about 19 min): impurity A =about 0.9;
impurity H = ahout 0.98.

Systemsuitability Reference solution (b):
- peak-to-valley ratio: minimum 1.5, where Hp = height

above the baseline of the peak due to impurity Hand
!fv = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
rabeprazcle.

Calculation of percemage contents:
- for each impurity, use the concentration of rabeprazole

sodium hydrate in reference solution (a).

Limits:
- impurity A: maximum 0.15 per cent;
- unspecified impurities: for each impurity. maximum

0.10 per cent;
- unol: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
1.5 per cent to 7.0 per cent, derennlned on 0.200 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution (b) and reference solution (c).

Calculate the percentage content of ClsH2oN3Na03S taking
into account the assigned content of rabeprazole sodium
hydrate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A.
Otherdetectable impurities (the following substances would, if
present at a sufficient levelJ bedetected by oneor otherof the tests

in the monograph. They are limited by thegeneral acceptance
criterion for other/unsp«.ified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). 11 is
therefore not n«essary10 identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
itt subslances for pharmaceutical use) B, C, D, E, FJ G, H,
1, K

. Time MobUe phase A Mobile phase B MobUe phase C
A. 2-[[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl)(mln) (per cent VjJI) (per cent VIJI) (per cent VIJI)

0-2 100 0 0
sulfonyl]-IH -benzimidazole,

2 - 7 100 ---> 85 0 0--> 15

7 - 27 85 --> 30 0 ...... 40 15 --> 30

27 ~ 32 30 ..... 15 40 -+ 55 30

www.webofpharma.com
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B. 2-[[[4-(3-methoxypropoxy)-3-methylpyridin-2-yl]methyl]
sulfanyl]-IH-benzimidawle,

Racecadorril II-787

K. IH-benzimidazol-2-01.
___________________ PhE'"

Racecadotril
(Ph. Bur. monograph 2171)

C. 1-( IH-benzimidazol-2-yl)-3-methyl-4-oxo-1,4­
dihydropyridine-2-carboxylic acid,

D.2-[[(RSJ-(IH-benzimidazol-2-yl)sulfinyl]methyIJ-4-(3­
methoxypropoxy)-3-methylpyridine I-oxide,

QNH CH,
NA.S~OCH,

" Io • N.# andenenucmer

E. 2-[(RSJ-[(4-methoxy-3-methylpyridin-2-yl)methyl)
sulfinyl]-IH-benzimidazole,

F. IH-benzimidazole-2-thiol.

G.2-[[(4-methoxy-3-methylpyridin-2-yl)methyl]sulfanyl]-IH­
benzimidazole,

QNH CH,
A.~C1N S ' ...., andenenncmer

"o N 4'

H. 2-[ (RSJ -[(4-chloro-3-methylpyridin-2-yl)methyl]sulfinyl]­
IH-benzimidazole,

I. 2-[[(IH-benzimidazol-2-yl)sulfonyl]methyl]-4-(3­
methoxypropoxy)-3-methylpyridine l-oxide,

C"H2,NO,S 385.5 81/11).73-8
PhE", _

DEFINlllON
Benzyl [[(2RSJ-2-[(ace<ylsulfanyl)methyl]-3-phenylpropanoyl]
amino]acetate.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solublllty
Practically insoluble in water, freely soluble in methanol and
in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison racecodooil CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
thanreference solution Y6 (2.2.2, klethod II).
Dissolve 5.0 g in 10 mL of acetone R.

Related substances
liquid chromatography (2.2.29).

Solvent mixture Mobile phase A, mobile phaseB
(50:50 VIV).

Test solutio-n (a) Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.
Test solulian (b) Dilute 5.0 mL of test solution (a) 10
25.0 mL with the solvent mixrure.

Reference solution (a) Dilute 1.0 mL of test solution (a) 10
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Prepare immediately before use. Dilute
500 ~L of racecadoail impurity A CRS in acetonitrile Rand
dilute to 250.0 mL with the same solvent. Dilute 1.0 mL of
the solution to 10.0 mL with the solvent mixture. Dilute
1.0 mL of this solution to 100.0 mL with the solvent
mixture.

Reference solution (c) Dissolve 5 mg of racecadouii
impun'ty G CRS in the solvent mixture and dilute to 50 mL
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with the solvent mixture. To 5 mL of this solution add 1 mL
of (est solution (b) and dilute to 100 mL with the solvent
mixture.

Reference solution (d) Dissolve 50.0 mg of racecadotril CRS
in the solvent mixture and dilute to 25.0 mL with the solvent
mixture. Dilute 5.0 mL of this solution to 25.0 mL with the
solvent mixture.
Reference solution (e) Dissolve 2 mg of racecadotsil for fWlk
identification CRS (containing impurities C, E and F) in
1.0 mL of me solvent mixture.

Column:
- size: I = 0.25 m, 0 = 4.0 0101;
- stationary phase: end-capped IXladecylsiJyl silica gelfor

chromatography R (5 ~m);

- temperature: 30°C.

Mobile phase:
- mobile phaseA: dissolve 1.0 g of potassium dihydrogen

phosphare R in warer R, adjust to pH 2.5 with phosphoric
acidR and dilute to 1000 mL with warer R;

- mobikphaseB: aceumiuile Rl,

Time MobUe phase A MobUe phase B
(min) (per cent 1'111 (per cent YJ1i)

0-5 60 40

5 - 25 60 ---> 20 40 ..... 80

25 - 35 20 80

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined On 1.000 g by drying in
vacuo at 60°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determlned on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as descnbed in the test for
related substanceswith the following modification.
Infection Test solution (b) and reference solution (d).

Calculate the percentage content of CZIHzJN04S from the
declared content of ramadotril CRS"

IMPURITIES
Specified impurities A:J C:J E, F"
Otherdete<Ulble impuriries (thefollowing subsUlnce, would, if
present at a sufficient level, be daeaed by one or other of the tests

in the monograph. They arelim.ied by the general acceptance
criterion for otherlunspedfied impuruies and/or by the general
monograph Substances forpharmaceutical use (2034). It is
therefore not neassary to identify these impunties for
demonstration of compliance. Seealso 5.10. Cantrol of impurities
in substances for pharmaceutical use) B:J D:J G) H.

E. 2-benzylprop-2-enoic acid (2-benzylacrylic acid),

A. ethanethioic acid (thioacetic acid),

B. ([(2RS)-2-benzyl-3-sulfanylpropanoyl]amino)acetic acid,

andatereoisomers

o

m{N/"-..Co,H
: H H

~ \r- S~)
G0y~,-/CO,H

o

~Co,H

V CH,

o

~~/"-..CO,HU <\H andenantiomer
S

o~
CH3

C. ([(2RS)-2-[(acetylsulfanyl)methyl]-3­
phenylpropanoyl] amino] acetic acid)

D.5,lo-d1benzyl-4,11-d1oxo-1,8-d1thia-3,12­
diazatetradecanedioic acid)

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 210 nm.

Injection 10 J.lL of the solvent mixture, test solution (a) and
reference solutions (a), (b), (c) and (e).

Identification of impurities Use the chromatogram supplied
with racecodouil for peak identification CRS and the
chromatogram obtainedwith reference solution (e) to identify
the peaks due to impurities C) E and F.
Relative retention With reference to racecadotril (retention
time = about 16 min): impurity A = about 0.2;
impurity C = about 0.3; impurity E = about 0.5;
impurity F = about 0.9.

System suilabHity Reference solution (c):
- resolution: minimum 1.5 between the peaksdue to

impurity G and racecadctril.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C = 1.4;
impurity E =0.6; impurity F =0.1;

~ ,~mpurities C:J E:J F: for each impurity) not more than twice
the area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.2 per cent);

- impurity A: not more than the area of the corresponding
peakin the chromatogram obtained with reference
solution (b) (0.1 per cent);

- unspecified imputities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- coud: not more than 5 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).
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___________________ P1>E<K

P1>E<K _

F. benzyl [(2-benzylprop-2-enoyl)amino]acetate,

Testsolution Dissolve 25 mg of the substance to be
examinedin methanolR and dilute to 5 mL wil:h the same
solvent.

Reference solution Dissolve 25 mg of menthol CRS in
methanol R and dilute to 5 mL with the same solvent.
Plate TLC silica gel G plate R.
Mobile phase ethylacelate R, toluene R (5:95 VW).

Applicalion 2~.

Development Over a path of 15 em.
Drying In air,until the solvents have evaporated.
Detection Spraywith anisaldehyde solution R and heat at
100-105 -c for 5-10 min.

Results The principal spot in the chromatogram obtained
with me test solution is similar in position,colourand size to
the principal spot in the chromatogram obtained with the
reference solution.
C. Examine the chromatograms obtained in the test for
relatedsubstances.
Results The principal peakin the chromatogram obtained
with test solution (b) is similar in positionand approximate
dimensions to the principal peak in the chromatogram
obtainedwith reference solution (c).
D. Dissolve 0.20 g in 0.5 mL of anhydrous pyridine R.
Add 3 mL of a 150 gIL solution of dinilrobenzoyl chloride R in
anhydrous pyridine R. Heat on a water-bath for 10 min.
Add 7.0 mL of water R in small quantities withstirring and
allow to stand in iced water for 30 min. A precipitate is
formed. Allow to stand and decant the supernatant. Wash
the precipitate with 2 quantities, each of 5 ml., of iced
waur R, recrystallise from 10 mL of ~tone R, wash with
iced acetone R and dry at 75°C at a pressure not ex.ceeding
2.7 kPa for 30 min. The crystals melt (2.2.14) at 130 -c to
131 'C.

TESTS
Solution S
Dissolve 2.50 g in 10 mL of ethanol (96 per ten!! Rand
dilute to 25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or alkalinity
Dissolve 1.0 g in ethanol (96 per cen!! R and dilute to 10 mL
with the same solvent. Add 0.1 mL ofphenolphrhalein
solution R. The solution is colourless. Not more than 0.5 mL
of O. 01 M sodium hydroxide is required to change the colour
of me indicator to pink.

Optical rolatlon (2.2.7)
-0.2° to + 0.2°, determined on solution S.

Related substances
Gas chromatography (2.2.21I).

. Test solution (a) Dissolve 0.20 g of the substance to be
examined in methylene chloride R and dilute to 50.0 mL with
the same solvent.
Testsolution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methylene chloride R.
Reference solution (a) Dissolve 40.0 mg of the substance to
be examinedand 40.0 mg of isomenthol R in methylene
chloride R and dilute to 100.0 mL with the same solvent.
Reference solution (b) Dilute 0.10 mL of lest solution (a) to
100.0 mL with melhylene chloride R.
Reference solution (c) Dissolve 40.0 mg of menthol CRS in
methylene chloride R and dilute 10 100.0 mL with the same
solvent.

89-78-1

**** ** ** ****(Racemic Menthol, Ph. Eur. monograph 0623)

Racementhol

C,oH,oO 156.3

Preparation
Menthol and Benzoin Inhalation

o J)
~~~o ..# andenantiomerU <\H 0

SH

H. dibenzyl 5,10-dibenzyl-4,II-dioKo-7,8-dithia-3,12­
diazatetradecanedioate.

o 0
~~~oJJU CH 0
~ S~) 0 andatereceomers

~~-Jlo~
o 0

G. benzyl [[(2RS)-2-benzyl-3-sulfanylpropanoyl]
aminojacetate,

DEFINITION
Mixture of equal parts of (IRS,2SR,5RS)-5-methyl-2-(I­
methylethyl)cyclohexanol.

CHARACTERS
Appearance
Free-flowing or agglomerated, crystalline powder or prismatic
or acicular, colourless, shinycrystals.

Solubility
Practically insoluble in water, very soluble in ethanol
(96 per cent) and in light petroleum, freely soluble in fatty
oils and in liquid paraffin, very slightly soluble in glycerol.

mp
About 34 'c.
IDENTIFICATION
Firsl identification: A, C.

Second identification: B, D.
A. Optical rotation (see Tests).
B. Thin-layer chromatography (2.2.27).
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POE" _

____________________ 1''''"

Second identification: A, C, D, E.

A. Optical rotation (see Tests).

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with racemic
ephedrine hydrochloride CRS. Examine the substances prepared
as discs.
C. Examine the chromatograms obtained in the test for
related substances. The principal spot in me chromatogram
obtained with test solution (b) is similar in position, colour
and size to the principal spot in the chromatogram obtained
with reference solution (a).

D. To 0.1 mL of solution S (see Tests) add I mL of
waterR, 0.2 mL of copper sulfate solution Rand J mL of strong
sodium hydroxide solution R. A violet colour is produced.
Add 2 mL of ether R and shake. The ether layer is purple
and the aqueous layer is blue.

E. To 5 mL of solution S add 5 mL of water R. The solution
gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.00 g in distiUed waterR and dilute to 50.0 mL
with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of methylred solution R
and 0.1 mL of 0.01 M sodium hydroxide; the solution is
yellow. Add 0.2 mL of 0.01 M hydrochlori< acid; the solution
is red.

Optical rotation (2.2.7)
+ 0.2 0 to -0.2°, determined on solution S.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GRas the coating substance.

Test soluewn (aJ Dissolve 0.20 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Test sdution (b) Dilute I mL of test solution (a) to 10 mL
with methanol R.
Reference solution (a) Dissolve 20 mg of racemic ephedrirre
hydrochloride CRS in methanol R and dilute to 10 mL with the
same solvent.

Reference solution (b) Dilute I mL of test solution (a) to
200 mL with methanol R.
Apply separately to the plate I0 ~L of each solution. Develop
over a path of 15 cm using a mixture of 5 volumes of
chlorcform R, 15 volumes of concentrated ammonia Rand
80 volumes of 2-propanol R. Allow the plate to dry in air.
Spray with ninhydrin solulion R and heat at 110 °C for 5 min.
Any spot in the chromatogram obtained with test
solution (a), apart from the principal spot, is not more
intense than the spot in the chromatogram obtained with
reference solution (b) (0.5 per cent). Disregard any spot of
lighter colour than the background.

Sulfates (2.4.13)
15 mL of solution S complies with the limit test for sulfates
(100 ppm).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 "C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

134-71-4

• Hel

201.7

H. OH ~

~ "'CH3 and enanUomerU H"\CH3

(Racemic Ephedrine Hydrochloride, Ph. Eur.
monograph 0715)

Action and use
Adrenoceptor agonist.

Column:
- material: glass;
- size: I :;;;; 2.0 m, 0 = 2 mm;
- statIOnary phase: diatomaceous eanh for gas

chromatography R impregnated with 15 per cent mlm of
macrogol 1500 R.

Carrier gas nitrogen for chromatography R.
FltJw rate 30 mUmin.
Temperature:
- column: 120°C;
- inj«tion port: 150°C;
- detector: 200 "C.

Detection Flame ionisation.

Inje<tion I ~L.

Run time Twice the retention time of menthol.

System suitability:
- resolution: minimum 1.4 between the peaks due £0

menthol and isomenthol in the chromatogram obtained
with reference solution (a);

- signal-to-noise ratio: minimum 5 for the principal peak in
the chromatogram obtained with reference solution (b).

Limits Test solution (a):
- total: not more than 1 per cent of the area of the principal

peak; ,
- disregard limit: 0.05 per cent of the area of the principal

peak.

Residue on evaporation
Maximum 0.05 per cent.

Evaporate 2.00 g on a water-bath and heat in an oven at
100-105 "C for 1 h. The residue weighs not more than
1.0 mg.

DEFINITION
Racemic ephedrine hydrochloride contains not less than
99.0 per cent and not more than the equivalent of
101.0 per cent of (IRS,2SR)-2-(methylamino)-I­
phenylpropan-l-ol hydrochloride, calculated with reference to
the dried substance.

Racephedrine Hydrochloride

CHARACTERS
A while or almost white, crystalline powder or colourless
crystals, freely soluble in water, soluble in ethanol
(96 per cent).

It melts at about 188°C.

IDENTIFICATION
First identification: B, E.
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____________________ PhEII

ASSAY
Dissolve 0.1 70 g in 30 mL of ethanol (96 percent) R.
Add 5.0 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.20), using 0.11\4 sodium
hydroxide. Read the volume added between the two points of
inflexion.
I mL of 0.1 M sadium hydroxide corresponds to 20.17 mg of
CIOH16ClNO.

STORAGE
Store protected from light.

Raloxifene Hydrochloride
(Ph. Eur. monograph 2375)

**** ** **••**

hydrogen peroxide solution R. Store at 30 °C for at least6 h
then dilute to 50.0 mL with mobile phase A. To 1.0 mL of
this solution add 3 mg of the substance to be examined
dissolved in the solventmixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (c) Dissolve 3 mg of ralaxifene for peak
identification CRS (containing impurity A) in me solvent
mixture and dilute to 10.0 mL with the solvent mixture.
Column:
- size: 1= 0.25 m, 0 =4.6 mm;
- stationary phase: base-deactivated octy/si/yl silica gelfor

chromatography R (5 um);
- temperature: 35 "C.

Mobile phase:
- mobile phase A: 9.0 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acidR;
- mobile phaseB: acetonitrile R;

PhEII _

DEFINITION
[6-Hydroxy-2-(4-hydroxyphenyl)-I-henzothiophen-3-yl] [4-[2­
(piperidin-I-yl)ethoxy)phenyl]methanone hydrochloride.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Almost white or pale-yellow powder.

Solubility
Very slightly soluble or practically insoluble in water and in
acetone, slightly soluble in ethanol (96 per cent VIV).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison raloxifene hydrochloride CRS.
B. Dissolve 20 mg of the substance to be examined in 2 mL
of methanol R. The solution gives reaction (a) of chlorides
(2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, mobile phase A (30:70 VIV).

Test solutio-n Dissolve 30 mg of the substance to be
examinedin the solvent mixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference solution (b) In order to produce impurity C in situ,
to 6 mg of the substance to be examined add 15 mL of
Q«umitrile R, 3 mL of waterRand 5 mL of stabilised strong

25

25 -> 50

MobUe phase B
(per cent VIJ?

75
75 -> 50

MobUe phase A
(per cent VIJI)

Time
(mIn)

0-'
9 - 40

Flow rate 1.0 mIJmin.
Detection Spectrophotometer at 280 run.
Injection 10 ~L.

Identification 0/impun·"Y A Use the chromatogram supplied
with raloxifene for peak identification CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peakdue to impurity A.
Relative retention Withreference to raloxifene (retention
time =about 18 min): impurity A = about 0.7;
impurity C =about 1.2.

System suitability:
- resolution: minimwn 3.0 between the peaksdue to

raloxifene and impurity C in the chromatogram obtained
with reference solution (b);

- symmetry factor. maximum 1.8 for the principal peak in
me chromatogram obtainedwithreference solution (a).

Limits:
- impun·ty A: not more than twice the area of the principal

peakin the chromatogram obtainedwith reference
solution (a) (0.2 per cent);

- unsp«ified impurities: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C for 3 h.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent determined on 1.0 g.

ASSAY
liquid chromatography (2.2.29).

Buffer solution pH 2.5 7.2 gIL Solution of potassium
dihydrogen phosphate R adjusted to pH 2.5 with phosphoric
acidR.

8264Q.04-8

. Hel

510.0

o

OH

HO

Action and use
Selective oestrogen recep~or modulator.
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**** ** ** ****

87/038-72-1482.5

Action and use
Antiviral (HIV).

Preparations
Raltegravir Chewable Tablets

Raltegravir Tablets

(Ph. Eur. monograph 2887)

Raltegravir Potassium

PhE" _

C. [6-hydroxy-2-(4-hydroxyphenyl)-I-benzothiophen-3-yl][4­
[2-(piperidin-I-yl)ethoxy]phenyl]methanone N-oxide.

HO

B. [6-hydroxy-2-(4-hydroxyphenyl)-I-benzothiophen-7-yl][4­
[2-(piperidin-I-yl)e thoxy]phenyl]methanone,

_~ ~ PIlE"

OH

DEFINITION
Potassium 4-[[(4-fluorophenyl)methyl]carbamoyl]-I-methyl­
2- [2-(5-methyl-1,3,4-oxadiazole-2-carboxamido)propan-2-yl]­
6-oxo-1 ,6-dihydropyrimidin-5-0Iate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Soluble in water, very slightly soluble in ethanol
(96 per cent), practically insoluble in heptane.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.2<f].

Comparison rallegra'llir potassium CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.

OH

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase. Dilute 5.0 mL of this solution to 50.0 mL
with the mobile phase.

Reference solution (a) Dissolve 50.0 mg of raloxifene
hydrochloride CRS in the mobile phase and dilute to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 50.0 mL with the mobile phase.

Reference solution (b) In order to produce impurity C in situ,
to 6 mg of the substance to be examined add 15 mL of
acetonitrile R, 3 rnL of waterRand 5 mL of stabilised str01lg
hydrogen peroxide solution R. Store at 30°C for at least 6 h,
then dilute to 50.0 mL with buffer solution pH 2.5.

Column:
- size: 1= 0.15 ill, 0 = 4.6 mm;
- stationaJY phase: base-deactivated octylsilyl silica gelfor

chromatography R (3.5 urn);
- temperature: 35°c'

Alobile phase acetonitrile RJ buffer solution pH 2.5
(33:67 VIV).

Flow rate 1.5 mUmin.

Deuaion Spectrophotometer at 280 nm.
Inje<tion 10 ~L.

Rut. time Twice the retention time of raloxifene,
Relative retention With reference to raloxifene (retention
time = about 3 min): impurity C = about 1.2.

System suitability:
- resolution: minimum 2.0 between the peaks due to

raloxifene and impurity C in the chromatogram obtained
with reference solution '(b); if necessary, adjust the
concentration of acetonitrile in the mobile phase;

- symmetry factor: maximum 1.8 for the principal peak in
the chromatogram obtained with reference solution (a).

Calculate the percentage content of CzSH2SClN0 4S from the
declared content of raloxifen, hydrochloride GRS.

IMPURITlliS
Specified impurities A.
Otherdetectable ~·mpun;ies (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph" They are limited by the general acupultIce
cruenon for other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance" See also 5.10. Control oj impurities
in substances for pharmaceutical use) B, C.

A. [6-hydroxy-2-(4-hydroxyphenyl)-7-[4-[2-(piperidin-I-yl)
ethoxy]benzoyl]-l-henzothiophen-3-yl][4-[2-(Piperidin-l­
yl)ethoxy]phenyl]methanone,
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B. It gives reaction (b) of potassium (2.3. J).

TESTS
Related substances
Liquid chromatography (2.2.29).

So/vetil mixture acetonitrile R, water R (25:75 VIV).

Test solution Dissolve 25.0 mg of the substance to be
examined in J00 mL of the solvent mixture using sonication
for 5 min. Add about 140 mL of the solvent mixture then
dilute to 250.0 mL with the solvent mixture.

Reference solution (a) Dissolve 25.0 mg of ra/regravir
potassium CRS in 100 mL of the solvent mixture using
sonication for 5 min. Add about 140 mL of the solvent
mixture then dilute to 250.0 mL with the solvent mixture.

Reference solution (b) Dilute 1.0 mL of the test solution (Q

100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference sdution (c) Dissolve 2 mg of rakegraeir
impurity E CRS in the solvent mixture and dilute to 20.0 mL
with the solvent mixture. Dilute 1.0 mL of the solution to
50.0 mL with reference solution (a)"

Reference solution (d) In order to prepare impurity C in situ,
dissolve 20 mg of the substance to be examined in a 40 gIL
solution of sodiumhydroxide R and dilute to 10 mL with the
same solvent Stir the solution for 30 min. To 5 mL of the
solution add 5 mL of a 103 gIL solution of hydrochloric
acid R and dilute to 50 mL with the solvent mixture.

Reference solution (e) Dissolve 5 mg of raltegrovir for peak
identification CRS (containing impurities F and G) in 20 mL
of the solvent mixture using sonication for 5 min. Add about
25 mL of the solvent mixture then dilute to 50 mL with the
solvent mixture.

Column:
- size: 1=0.15 m, 0 =4.6 nun;
- stationary phase: pher!YlsiJyI silica gelfor chromatography R

(3.5 ~m);

- temperature: 15 "C.

Mobile phase:
- mobile phase A: 0.1 per cent VIV solution of phosphoric

acidR;
- mobile phaseB: acetonitrile for chromawgraphy R;

Time MobUe phase A Mobile phase B
(mln) (per cent YIJI) (per cent VIJI)

0-2 75 25

2-5 75 --> 60 25 ..... 40

5· to 60 --> 55 40 ..... 45

10·19 55 ..... 10 45 --> 90

19 - 22 10 ..... 5 90 --> 95

Flow rare 1.0 rnUmin.

Detection Spectrophotometer at 220 om.

Injection 10 J.lL of the test solution and reference
solutions (b), (c), (d) and (e).

Identification of impurities Use the chromatogram obtained
with reference solution (d) to identify the peak due to
impurity C; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity B; use the
chromatogram supplied with raltegravir for peak
identification CRS and the chromatogram obtained with
reference solution (e) to identify the peaks due to
impurities F and G.

Relative retention With reference to raltegravir (retention
time =about 10 min): impurity C =about 0.7;

Raltegravir Potassium II-793

impurity E =about 0.95; impurity G =about 1.1;
impurity F = about 1.15.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurity E and raltegravir.

Calculaeion ofpercentage contents:
- correction factor. multiply the peak area of impurity C by

1.6;
- for each impurity, use the concentration of raltegravir

potassium in reference solution (b).

Limits:
- impuniy C: maximum 0.3 per cent;
- impundes E, F, G: for each impurity) maximum

0"15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
-=-- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.S.I&)
Maximum 0.6 per cent, determined on 0.500 g. Use as the
solvent a mixture of equal volumes of methanol Rand
formamide R.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification"

Injection Test solution and reference solution (a).

Calculate the percentage content of C2oH20FKN60j taking
into account the assigned content of ralcegravir
potassium CRS.

IMPURITIES
Specified impurities C, E, F, G.

Otherdetectable impmities (thefollowing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph" They arelimitedby thegeneral acceptance
cruerum for other/unspecified impurities and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun"tI"es for
demonstration ofcompliance: See also 5.10. Control of impundes
in substances for phannaceutical we) A, B) D) H.

H~~xrN;~~
HaC'" 00H ~F

o

A. 2-(2-aminopropan-2-yi)-N-[(4-fluorophenyl)methyl]-5­
hydroxy-L.methyl-6-oxo-1,6-<1ihydropyrimidine-4­
carboxamide,

B. 2-[2-[(E)-[(dimethylamino)methylidene]amino]propan-2­
yl]-N- [(4-fluorophenyl)methylJ-5-hydroxy-I-methyl-6-oxo­
1,6-dihydropyrimidine-4-carboxamide,
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II-794 Ramipril

C.2-[2-[2-(2-acetylhydrazin-l-yl)-2-oxoacetamido]propan-2­
yl]-N- [(4-lIuorophenyl)methyl)-5-hydroxy-l-methyl-6-oxo­
1,6-dihydropyrimidine-4-carboxamide,

Ramipril
(ph. Eur. monograph 1368)

2022

**** ** ** ****

Phfur _

Action and use
Angiotensin converting enzyme inhibiter.

Preparations
Ramjpril Capsules
Ramipril Tablets

D. [[2-[4-[[(4-lIuorophenyl)methyl]carbamoyl]-5-hydroxy-l­
methyl-6-oxo-l,6-dihydropyrimidin-2-yl)propan-2-yl]
amino]oxoacetic acid,

C"H"N,O, 416.5 87313-19-5

E. N-benzyl-5-hydroxy-l-methyl-2-[2-(5-methyl-I,3,4­
oxadiazole-2-carboxamido)propan-2-yl]-6-oxo-l,6­
dihydropyrimidine-4-carboxamide,

F. ethyl (1E)-N-[[2-[4-[[(4-lIuorophenyl)methyl]carbamoyl]­
5-hydroxy-l-methyl-6-oxo-I,6-dihydropyrimidin-2-yl)
propan-2-yl]oxamoyl]ethanehydrazoDare,

G. ethyl (1Z)-N-[[2-[4-[[(4-lIuorophenyl)methyl]carbamoyl)­
5-hydroxy-Lmethyl-fi-oxo-I,6-dihydropyrimidin-2-yl]
propan-2-yl]oxamoyl)ethanehydrazonate,

o

Q~XX;~0H~X;:X1 0 ~~
o H3C CH30 N ~

I~ ~. 00 F

"" 0

F

H. N1,llt'-bis[2-[4-[[(4-lIuorophenyl)methyl)carbamoyl]-5­
hydroxy-I-methyl-6-oxo-l,6-dihydropyrimidin-2-yl]
propan-2-yl]oxamide.

___________________ Phfur

DEFINITION
(2S,3aS,6aS)-I-[(2S)-2-[[(2S)-1-Ethoxy-I-oxo-4­
phenylbutan-2-yl)arnino]propanoyl]octahydrocyclopenta[b)
pyrrole-z-carboxylic acid.

Content
98.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Sparingly soluble in water, freely soluble in methanol.

IDENTIFICATION
A. Specificopticalrotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.2<f).

Comparison ramipril CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Metlwd /1).

Dissolve 0.1 g in methanol Rand dilute to 10.0 mL with the
same solvent.

Specific optical rotation (2.2.7)
+ 32.0 to + 38.0 (dried substance).

Dissolve 0.250 g in a mixture of 14 volumes of hydrochloric
acidR1 and 86 volumes of methanol R and dilute '0 25.0 mL
with the same mixture of solvents.

Related substances
Liquid chromatography (2.2.29).

Testsolutio~ Dissolve 20 mg of the substance to be
examined ih mobile phase A and dilute to 20.0 mL with
mobile phase A.
Reference solution (a) Dissolve 2 mg of ramipril
impurity A CRS, 2 mg of ramipril impurity B CRS, 2 mg of
ramipn"l impuniy C CRS and 2 mg of ramipril imputityD CRS
in mobile phase A and dilute to 25 mL with mobile phase A.
To 1 mL of thls solution, add5 mL of the test solution and
dilute to 10 mL with mobile phase B.

Reference solution (b) Dilute 5.0 mL of the test solution to
100.0 mL with mobile phase B. Dilute 5.0 mL of this
solution to 50.0 mL withmobilephaseB.
Reference soluuOn (c) Dilute 1.0 mL of reference solution (b)
(0 10.0 mL with mobile phase B.
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Column:
- size: 1= 0.25 ill, 0 = 4.0 mm;
- stationary phase: end-capped oClade<y1si1y1 silica gelfor

chromatography R (3 ~m);

- temperature: 65 "C.

Mobile phase:
- mobile phaseA: dissolve 2.0 g of sodium perchlorate R in a

mixture of 0.5 mL of triethylamine Rand 800 mL of water
for chroma/()graphy R; adjust to pl-l 3.6 with phosphoric
acid R and add 200 mL of acetonitrile R1;

- mobile phaseB: dissolve 2.0 g of sodium perchlorate R in a
mixture of 0.5 mL of triethylamine Rand 300 mL of water
for chromatography R; adiust to pH 2.6 with phosphoric
acidR and add 700 mL of aceUJnitrile R1;

Tim. Mobile phose A Mobile phase B
(mln) (per cent V/l? (per cent V/J?
0-. 90 10
.·7 90 ..... 75 10 ---> 25

7 - 20 75 -lo 65 25 --7 35

20 - 30 65 ..... 25 35 ..... 75

30 - 50 25 75

Flowrale 1.0 mUmin.

Detection Spectrophotometer at 210 run.

Equilibration With the mobile phase at the initial
composition for at least 35 min; if a suitable baseline cannot
be obtained, use another grade of triethylamine.

Injection 10 ~L.

ldemification of impuritiq Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A, B, C and D.

Relativeretention With reference to ramipriJ (retention
time = about 18 min): impurity A = about 0.8;
impurity B == about 1.3; impurity C = about 1.5;
impurity D =about 1.7.

System suitability;
- resolution: minimum 3.0 between the peaks due to

impurity A and ramipril in the chromatogram obtained
with reference solution (a);

- signal-to-noise ratio: minimum 3 for the principal peak in
the chromatogram obtained with reference solution {c)j

- symmetryfactor: 0.8 to 2.0 for the peak due to ramipril in
the chromatogram obtained with the test solution.

Limits:
- comcuonfactor. for the calculation of content, multiply the

peak area of impurity C by 2.4;
- impurities A, B, C, D: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.5 per cent);

- unspecified impun"ties: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 per cent).

Loss on drying (2.2.12)
Maximum 0.2 per cent, determined on 1.000 g by drying in
vacuoat 60°C at a pressure not exceeding 0.1 kPa for 4 h.

Ramipril II-795

Sulfated ash (2.4.14)
.Maximurn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 25 mL of methanol R and add 25 mL of
waUrR. Titrate with 0.1 M sodium hydroxide, determining the
end-point potentiometrically (2.2.211). Carry out a blank
titration.

I mL of 0.1 M sodium hydroxide is equivalent to 41.65 mg of
C2,f!32N 20,.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D.
Otherdetectable impun"lies (thejo/Juwing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified imputides and/or by thegeneral
monograph Substances for phamraceutical use (2034). It is
therefore not necessary to identify these impun'ties for
demonstration of compliance. See also 5.10. Control of impun'ties
in substances jor pharmaceutical use) E, FJG, H, 1,JJ K,
L,M,N, O.

A. (2S,3aS,6aS)-I-[(2S)-2-[[(2S)-I-methoxy-l-oxo-4­
phenylhutan-2-yl]aminolpropanoylloctabydrocyclopenta
[b)pyrrole-2-carboxylic acid (ramipril methyl ester),

('1 ~. l~H/co,H
~X'N

o~ H H CH3 H
H3C-{ 0 H

CH,

B. (2S,3aS,6aS)-I-[(2S)-2-[[(2S)-I-<>xo-4-phenyl-l­
[(propan2-yl)oxy)butan-2-yl]amino)propanoyl]
octabydrocyclopenta[b]pyrrole-2-carboxylic acid (ramipril
isopropyl ester),

C. (2S,3aS, 6aS)-I-[(2S) -2-[[(2S)-4-eyclohexyl-l-ethoxy­
loxobutan-2-yl]amino)propanoylloclahydrocyclopenta
[b)pyrrole-2-carboxylic acid (hexahydroramipril),

D. ethyl (2S)-2-[(3S,5aS,8aS,9aS)-3-methyl-l,4­
dioxodecahydro-2H-cyclopenta[4,5]pyrrolo[I,2-a]pyrazin­
2-yl]-4-phenylbutanoate (ramipril diketopiperazine),
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E. (2S,3aS,6aS)-I-[(2S)-2-[[(IS)-I-<:arboxy-3­
phenylpropyl]amino]propanoyl]octahydrocyclopenra[b]
pyrrole-2-carboxylic acid (ramiprilar),

F. (2S)-2-[[(2S)-I-ethoxy-l-oxo-4-phenylbutan-2-yl]
amino]propanoic acid,

L. ethyl (2S)-2-[(3S,5aS,8aS,9aS)-9a-hydroxy-3-methyl-I,4­
dioxodecahydro-2H-cyclopema[4,5]pyrrolo[I,2-a]pyrazin­
2-yl]-4-phenylbutanoate (ramipril
hydroxydikeroplperazlne),

/""'YCH,

V
M.(2R,3R)-2,3-bis(benzoyloxy)buranedioic acid (dibenzoyl

tartric acid),

**** ** ** ****

66357-59-3

HCI

350.9

O. diethyl (2E,2'3)-2,2'-[(2E,53)-2,5-dimethyl-3,6­
dioxopiperazine-I ,4-<1 iyl]bis(4-phenyIbutanoare).

N. (2R,3aR,6aR)-I-[(2S)-2-[[(2S)-I-ethoxy-l-oxo-4­
phenylbutan-2-yl]arnino]propanoyl]oetahydrocyclopema
[b]pyrrole-2-carboxylic acid «S,S,R,R,R)-isomer of
ramipril),

(ph. Eur. monograph 0946)

Ranitidine Hydrochloride

___________________ PhE<I

Action and use
HistamineH2 receptor antagonist; treatment of peptic ulcer
disease.

Preparations
Ranitidine Injection
Ranitidine Oral Solution

Rartitidine Tablets

Ranitidine Effervescent Tablets

G. methylbenzene (toluene),

H. (2S,3aS,6aS)-I-[(2S)-2-[[(2R)-I-ethoxy-l-oxo-4­
phenylbutan-2-yl]arnino]propanoyl]ocrahydrocyclopenta
[b]pyrrole-2-carboxylic acid «R,S,S,S,S)-.opimer of
ramipril),

I. (2S,3aS,6aS)-I-[(2R)-2-[[(2S)-I-ethoxy-l-oxo-4­
phenylbutan-2-yl)amino]propanoyl]ocrahydrocyclopenra
[b]pyrrole-2-carboxylic acid «S,R,S,S,S)-epimer of
ramipril),

J. (2R,3aR,6aR)-I-[(2R)-2-[[(2R)-I-ethoxy-l-ox<>-4­
phenylburan-2-yl]amino]propanoyl]octahydrocyclopenta
[b]pyrrole-2-carboxylic acid (enantiomer of ramipril),

K. (2S)-2-[(3S,5aS,8aS,9aS)-3-methyl-I,4-<1ioxodecahydro­
2H-cyclopenta[4,5] pyrrolo [1,2-a]pyrazin-2-yl]-4­
phenylbutanoic acid (ramiprilate diketopiperazine),
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Mobile phase:
- mobile phase A: acetonitrile for chromawgraphy R, buffer

solution (2:98 VII');
- mobile phase B: acetonitrile for chromatography R, buffer

solution (22:78 VII');

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 230 run.
Injection I 0 ~L.

Identification of impurities Use the chromatogram supplied
with ranitidine for impw;ty A identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity A; use the chromatogram
obtained with reference solution (c) to identify the peak due
to impurity J.
Relative retention With reference to ranitidine (retention
time =about 7 min): impurity J =about 0.9;
impurity A = about I.7.

System suitaln1ity:
- resolution: minimum 1.5 between the peaks due to

impurity J and ranitidine in the chromatogram obtained
with reference solution (c)j

- me chromatogram obtained with the blank solution does
not show any peak with the same relative retention as the
peak due to impurity A in the chromatogram obtained
with reference solution (a).

Cakulation0/percentage contents:
- correction factor: multiply the peak area of impurity J by

2.0;
- for each impurity, use the concentration of ranitidine

hydrochloride in reference solution (b).

Limits:
- impun'ty A: maximum 0.3 per cent;
- impurityJ: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per 'cent;
- reponing threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.75 per cent, determined on 1.000 g by drying in
vacuo at 60 °C at a pressure not exceeding 0.1 kPa.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.280 g in 35 mL of warer R. Titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M sodium hydroxide is equivalent to 35.09 mg of

C"H"CIN.03S.

STORAGE
In airtight container, protected from light.

L'dPURITIES
Specified impurities A, J.
Otherdetectable impurities (thefollowing subsumces 'WOuld, if
present at a sufficient level, bedetected by qneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for otherhmspecified impurities and/or by the general

PhE" _

DEFINITION
N-[2-[[[5-[(Dimethylamino)methyl]furan-2-yl]
methyl] sulfanyl]ethyl]-N'-methyl-2-nitroeth-I-ene-1,1­
diamine hydrochloride.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or pale yellow, crystalline powder, hygroscopic.

Solubility
Freely soluble in water, sparingly soluble or slightly soluble in
anhydrous ethanol, very slightly soluble in methylene
chloride.

It shows polymorphism (5.9).

IDENTIFICATION
A.lnfrared absorption spectrophotometry (2.2.24).

Comparison ranitidine hydrochloride CRS.

If the spectra obtained in the solid state show differences,
dissolve 10 mg of the substance to be examined and 10 mg
of the reference substance separately in 0.5 mL of methanolR
in an agate mortar. Evaporate to dryness under a stream of
niirogen R. Dry the residues under vacuum for 30 min.
Add 3 drops of liquidparaffinR to the residues and triturate
until the mull shows a milky appearance. Compress the mulls
between 2 plates transparent to infrared radiation and record
new spectra.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
100.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY, (2.2.2, Method1/).

pH (2.2.3)
4.5 to 6.0 for solution S.

Related substances
Liquid chromatography (2.2.29).

Buffer solutiOn Dissolve 6.8 g of potassium dihydrogen
phosphate R in 950 mL of warer for chromatography R. Adjust
to pH 7.1 with strong sodium hydroxide solution R and dilute to
1000 mL with waterfor chromatography R.
Test solution Dissolve 13 mg of the substance to be
examined in mobile phase A and dilute to 100.0 mL with
mobile phase A.

Reference solution (a) Dissolve 6.5 mg of ranitidine for
impurityA identification CRS in mobile phase A and dilute to
50 mL with mobile phase A.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solution (c) Dissolve the contents of a vial of
ranitidine impun'ty J CRS in 1 mL of the test solution.

Blank solution Mobile phase A.

Column:
- size: 1= 0.10 m, 0 =: 4.6 mrn;
- stationary phase: end-capped oaadecytsily/ amorphous

arganosi/ica polymer for chromawgraphy R (3.5 urn);
~ temperature: 35 "C.

Time
(mIn)

0·10

10 - 15

Mobile phase A
(per cent I'IJI)

100 ---> 0

o

MobUe phase B
(per cent VIJI)

0---> 100

100
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monograph Substances for pharmaceutical use (2034). It is
therefore tlot necessary to identify these impurices for
demonstration of compliance. See also 5.10. Conll'Ol of impurities
in substances forpharmaceutical use) B, C, D, E, F, G, H,
I, K.

A. N,N'-bis[2- [[[5-[(dimethylamino)methyl] furan-2-yl]
methyl]sulfanyl] ethyl]-2-nitroeth-l-ene-l, f-diamine,

B. 2- [[[5- [(dimethylamino)methyl]furan-2-yl]methyl] sulfa nyl]
ethan-Lamine,

c. N-[2-[[[5-[(dimethylamino)methyl]furan-2-yl]methyl]
sulfinyl] ethyl]-N'-methyl-2-nirroeth-I-ene-I, f-dlamine,

D. N-[2-[[[5-[(dimethylamino)methyl]furan-2-yl]methYI]
sulfanyljethylj-z-nitroacetamlde,

E. [5-[[[2-[[ I-(methylamino)-2-nitroeth-l-en-l-yl]amino]
ethyl]sulfanyl]methyl]furan-2-yl]-N,N­
dimethylmethanamine N-oxide,

F. [5-[(dimethylamino)methyl]furan-2-yl]methanol,

G. [3-(methylamino)-5,6-dihydro-2H-I,4-thiazin-2-ylidene]
hydroxylamine,

2022

H. N-methyl-2-nitroacetamide,

I. 2,2'-methylenebis[N-[2-[[[5-[(dimethylamino)
methyl] furan-2-yl]methyl] sulfanyl]ethyl]-N'-methyl-2­
nitroeth-l-ene-I, J-diamine],

J. N,N" -[methYlenebis(sulfanediylethan-2,I-diyl)]bis(N'­
methy I-2-nitroe rh-f-ene-I, l-diamine),

K. N-methyl-I-(methylsulfanyl)-2-nirroeth-l-en-l-amine.
__________________~PhEII

Refined Rapeseed Oil
(Ph. Bur. monograph 1369)

PhE" _

DEFINITION
Fattyoil obtainedfrom the seeds of Brassica napus L.
and Brassica campeseis L. by mechanical expression or by
extraction. It is then refined. A suitable antioxidant may be
added.

CHARACTERS
Appearance
Clear, light yellow liquid.

Solubility
Practically insoluble in water and in ethanol (96 percent),
miscible with light petroleum (bp: 40-60 "C).

Relative density
About 0.917.

Refractive index
About 1.473.

IDENTIFICATION
Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained is similar to the
corresponding chromatogram shown in Figure 2.3.2.-l.

TESTS
Acid value (2.5.1)
Maximum 0.5, determined on 10.0 g.
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_____________________ PlJE"

PhE" _

DEFINITION
Products of rDNA technology are produced by genetic
modification in which DNA coding for the required product
is introduced, usually by means of a plasmid or a viral vector,
into suitable micro-organisms such as bacteria and yeast, or a
suitable cell line of mammalian (including human), insect or
plant origin. The DNA introduced can then be expressed as
a protein.

The desired product is then recovered by extraction and
purification. The cell or micro-organism used to harbour the
vector is referred to as the host cell, and the stable

This monograph prooides general requirements for themanufacture
and control of finished produas derived from recombinant DNA
(rDNA) uehnology, and includes requirements for the active
substance in these products. Active substances produced by rDNA
t«ht,ology are expected to meet the requirements given in the
corresponding section of thepresent monograph. These requirements
are not necessarily comprehensive in a given case and
complementary or additional requirements mcry beprescn"bed in an
individualmonograph or imposed by the competent authority.
The monograph is also applicable Ie vaccine anti'gens produced by
rDNA t«hnology~ with more detailed requirements providedin the
general monograph Vaccines for human use (0153) and in
individualvaccinemonographs.

Certain aspects of the monograph m<!JI applyto products produced
in transgenic animalsand plants.
The monograph isnot applicable to recombinant organisms that
are intended to be useddirectly in man and animals, for example
as live recombinant vecUJn or vaccines.

association of the two used in the manufacturing process is
referred to as the host-vector system.

Products of rDNA technology can also undergo intentional
modifications such as pegylation or conjugation.

PRODUCTION
GENERAL PROVISIONS
Production of rDNA products is based on a validated seed­
lot system using a host-vector combination that has been
shown suitable.

The seed-lot system typically uses a master cell bank and a
working cell bank. The host cell, the vector, the host-vector
system, the master cell bank and the working cell bank, as
well as their establishment, maintenance and cultivation are
to be described in detail.

Where products of rDNA technology are manufactured using
materials of human or animal origin, the requirements of
general chapter 5.1.7. Viralsafery apply.

The production process is validated for the following aspects:
- process consistency, including cell-culture/fermentation,

purification and any subsequent intentional modification
of the active substance where applicable,

- removal or inactivation of extraneous agents;
- removal of product- and process-related impurities

(e.g. unwanted variants, host-cell proteins and DNA)
antibiotics, cell-culture components);

- removal of pyrogenic substances where applicable.

A batch shown to be stable and representative of batches
tested clinically is used as a reference preparation for
identification, tests and assay. The reference preparation is
appropriately characterised.

EXPRESSION VECTOR AND HOST CELL
The starting materials to be used for the production of the
rDNA product, including the expression vector, the host-cell
and the pool of transformed or transfected cells from which
the initial clone will be derived, are documented.

Information on the source and history of the host cell and of
the expression vector is recorded. The gene coding for the
protein of interest as well as other functional sequences of the
vector should be characterised (e.g. nucleotide sequence of
the gene of interest and its flanking regions, restriction map).

The suitability of the host-vector system, particularly with
regard to microbiological purity, isdemonstrated by:
- phenotypic and genotypic characterisation of the host celf
- characterisation of the expression vector within the host

cell (e.g. integration, copy number) nucleotide sequence);
- documentation on the raw materials, the

transfonnationltransfection of the host cell by the
expression vector and the strategy for deriving the clone
used to establish the cell bank system.

CELL BANKS
The master cell bank (J\lICB) is a homogeneous suspension
of the original cells already transformed or transfected by the
expression vector containing the desired gene, distributed as
equal volumes in a single operation into individual containers
for storage (e.g. in liquid nitrogen). In some cases, it may be
necessary to establish separate master cell banks for the
expression vector and the host cells.

The working cell bank (WeB) is a homogeneous suspension
of cells derived from the l\ICB(s) at a finite passage level,
distributed as equal volumes in a single operation into
individual containers for storage (e.g. in liquid nitrogen).

For each type of cell bank, aU containers are treated
identically during storage and once removed from storage)
are not returned to the cell stock.

**** ** ** ****
Products of Recombinant DNA
Technology
(ph. Eur. monograph 0784)

Peroxide value (2.5.5, Method A)
Maximwn 10.0.

Unsaponifiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.

Alkaline impurides (2.4.19)
It complies with the test.

Composidon offatty acids (2.4.22, Method A)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of the fatty-acid fraction of theoil:
- palmiticacid: 2.5 per cent to 6.0 per cent,
- stearic acid: maximum 3.0 per cent,
- oleic acid: 50.0 per cent to 67.0 per cent,
- linoleic acid: 16.0 per cent to 30.0 per cent,
- linolenic acid: 6.0 per cent to 14.0 per cent,
- eicosenoic acid: maximum 5.0 per cent,
- erucic acid: maximum 2.0 per cent.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In an airtight, well-filled container, protected from light.

LABELLING
The label states whether the oil is obtained by mechanical
expression or by extraction.
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The characterisation and testing of eukaryoric and
prokaryotic cell banks are critical components of the control
of rDNA-derived biological products. Cell banks are tested to
confirm identity, purity and suitability of the cell substrate for
the intended manufacturing use. The strategy for testing the
cell banks may vary according to the nature and biological
properties of the cells (e.g. growth properties) and their
cultivation history (e.g. use of animal-derived raw material).
Molecular methods are used to analyse the expression vector
for copy number, insertions or deletions, and the number of
integration sites. The nucleotide sequences of the coding
region, flanking regions and promoters are shown to be
identical to those determined for me expression vector.
The coding region corresponds to that expected for me
protein sequence. If any differences in nucleic acid sequences
are identified, these must be clearly defined and the
expression vector shown to be stable and capable of
expressing the expected product consistently.

Cell banks must be characterised and tested at different
stages including the MCB) the WCB and cells at or beyond
the maximum population doubling level used for production.

For prokaryotic and yeast cell banks) characterisation and
testing includes molecular identity of the gene being
expressed) identity and purity of the cells including strain
identification (e.g. by-biochemical, genetic, or proteomic
methods), phenotypic and genotypic strain characterisation)
viability) presence of the plasmid (e.g. sequence, copy
number, restriction map, percentage of cells retaining the
plasmid), microbiological purity and) if appropriate) a test for
bacteriophage. Additional tests may be relevant and shall be
addressed on a case-by-case basis.

For animal cell banks, characterisation and testing includes
morphology, identity, viability, genetic stability of the cells
(e.g. copy number, integrity of the expression cassette) and
testing for extraneous agents. Animal cell substrates have the
capacity to propagate extraneous agents such as mycoplasma
and viruses. In addition) animal cells may contain
endogenous agents such as endogenous retroviruses.
Consequently, a testing strategy with regard to extraneous
agents should be developed based on a risk assessment taking
into account the nature and the history of the cell line.

CULTURE MEDIA AND OTHER RAW MATERIALS
The quality of media and other raw materials used in the
production of rDNA proteins is controlled, with
consideration given to the impact of the raw material on the
quality, safety and efficacy of the final medicinal product.
In particular, the origin of the materials must be known and
their traceability documented.

CULTURE AND HARVEST
The cell bank (e.g. I or more vials(s) of the WeB) is used ro
start the culture process. In-process controls
(e.g. for population doubling levels) cell
concentration, volumes, pj-l, cultivation times, temperature,
microbial tests) are established to ensure suitable
performance and consistency with regard to the culture
process.

Criteria for harvesting and terminating the production must
be defined by the manufacturer, and take into account the
limit for in vitro cell age (e.g. limited number of passages or
population doublings) for which the cell substrate has been
demonstrated as stable and capable of producing the desired
product/intermediate. Each harvest is tested to ensure
absence of contamination.

When prokaryotic or other microbial cells are used to
manufacture the product, absence of contamination of the

harvest is demonstrated primarily by establishing microbial
purity. When animal cells are used, the absence of extraneous
agents is verified using appropriate in vitro cell culture
methods and/or molecular methods.

PURIFICATION
The extraction and purification procedure must be shown to
yield the desired intermediates at a suitable purity. In this
respect) an analysis of the step(s) taken to control the
product-related impurities) and to remove or inactivate
process-related impurities or contaminants is conducted.

In-process controls (e.g. for yield, volume, pfl, processing
time) temperature, elution profile and fraction selection,
microbial tests) are established to ensure suitable
performance and consistency with regard to the purification
process.

Holding times and storage conditions of intermediates are to
be defined where appropriate.

CHARACTERISATION
During development studies, the active substance is
characterised extensively in order to determine its structure,
physico-chemical properties, biological activity,
immunochemical properties and purity.

Characterisation is necessary to identify the quality attributes
that may be important for the safety and efficacy of the
product. It provides the basis for release specifications,
stability evaluation and for any testing that may have to be
performed in support of process changes.

Structure
The characterisation should determine, as far as possible, the
primary and higher-order structure of the protein, any post­
translational modifications such as glycosylation, and any
other intentional modification.

The amino-acid sequence is deduced from the DNA
sequence of the expression vector and confirmed by analysis
of the produced protein. The amino-acid sequence and the
disulfide bridges of the substance are determined using a
combination of techniques such as peptide mapping (2.2.55)
and mass spectrometry (2.2.41).

The analysis of pegylated proteins should include, but not be
limited to, the location of modification and the degree of site
occupancy.

Glycosylation is characterised) and covers overall
monosaccharide composition (neutral sugars, amino sugars
and sialic acids), glycosylation site(s) and type (e.g. N- or
Ovlinked), degree of site occupancy, and oligosaccharide
structures of glycan chains (extensions, branching and
linkage) using, for example, the principles and techniques
described in genera! chapter 2.2.59. G/y<an analysis af
glywproteins.
Due to their possible irnrnunogenicity, particular attention is
paid to glycan structures that are not known to be present in
natural human proteins.

The higher-order structure of the substance is examined
using physico-chemical methods such as circular dichroism
spectroscopy, Fourier transform infrared spectroscopy,
fluorescence) differential scanning calorimetry, proton nuclear
magnetic resonance spectrometry and/or hydrogen-deuterium
exchange mass spectrometry.

Biological assays based on functional activity may also serve
as additional confirmation of the higher-order structure.

Biological activity
The biological activity (i.e. the specific ability of a product to
achieve a defined biological effect) is assessed by biological,
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biochemical (including imrnunochemical assays) or physico­
chemical assays, as appropriate.

The mechanism of action is investigated and preferably
reflected in the potency assay.

hnmunochemical properties
Where relevant for the mechanism of action, e.g. in the case
of antibodies, immunochemical properties (such as
Fe-effector functions) are characterised extensively.

Product-related substances and impurities
Products of eDNA technology commonly display several
sources of heterogeneity (e.g. N- or C-tenninal processing,
N-tenninal pyroglutamation, deamidation, oxidation,
isomerisation, fragmentation, disulfide bond mismatch,
N-linked and O-linked glycosylation, glycation, aggregation),
which leads to a complex product profile consisting of several
molecular entities or variants. When the activity, safety and
efficacy of these variants are comparable to those of the
desired product) the variants are regarded as product-related
substances. Other variants are considered as product-related
impurities.

The methods used to assess product-related substances and
impurities should be capable of detecting structural variants
with different physico-ehemical properties, e.g. charge, size
and hydrophobicity. Typically, a combination of orthogonal
methods is applied, e.g. chromatographic, electrophoretic and
spectroscopic techniques.

Characterisation of charged variants, such as differentially
sialylated or deamidated variants) is performed using
appropriate methods (e.g. capillary electrophoresis, isoelectric
focusing, ion-exchange chromatography), which may be
coupled to other techniques such as mass spectrometry.

High-molecular-mass forms such as dimers and higher
cllgomers can be resolved and quantified by size-based
separation procedures (e.g. size-exclusion chromatography)
field flow fractionation, analytical ultracentrifugation) coupled
with suitable detection methods (e.g. ultraviolet, fluorescence,
light scattering).

Process-related impurities and contaminants
Process-related impurities derived from the upstream process
may include host-cell proteins, host-cell DNA, or other
media components (e.g. inducers, antibiotics, serum). They
are to be evaluated qualitatively and quantitatively.

Host-cell proteins are investigated using a sensitive assay
capable of detecting a wide range of protein impurities) and
taking into account the recommendations given in general
chapter 2.6.34. Host-ceil protein assays.
Residual host-cell DNA is determined using a suitably
sensitive assay.

Process-related impurities derived from the downstream
process may include enzymes, processing reagents
(e.g. guanidine, dyes, oxidising and reducing agents), salts
(e.g. heavy metals) non-metallic ions), solvents, carriers,
ligands (e.g. protein A) and other leachables.

Contaminants include all adventitiously introduced materials
not intended to be part of the manufacturing process
(e.g. micro-organisms, microbial proteases, bacterial
endotoxins).

Process-related impurities and contaminants are controlled
using appropriate strategies based on the principles of risk
management.

Content
Content is determined by use of an appropriate physico­
chemical or immunochemical assay. The total protein

content (expressed in mass units) can be determined as
described in general chapter 2.5.33. Totalprotein. The protein
content is determined using several methods) including
absolute method(s).

CONTROL STRATEGY
Based on the understanding of the product and process, a
planned set of controls that ensures process performance and
product quality (i.e. a control strategy) is established. This
control strategy includes the control of process parameters)
in-process controls, control of raw materials, intermediates,
active substance and finished product) as well as the methods
used and the frequency of control.

The control strategy should ensure that the quality attributes
relevant to the safety and efficacy of the product are within
the appropriate range) limit or distribution to ensure the
desired product quality.

The selection of tests and the stages at which they are
performed are based on knowledge of the manufacnrring
process and extensive characterisation of the active substance
and finished product. Some characterisation tests may be
selected to become part of the specifications.
The specifications for the active substance and finished
product are only 1 part of the overall control strategy.

ACTIVE SUBSTANCE
The active substance Is tested for appearance, identity,
microbial quality and bacterial endotoxins, product-related
substances, product- and process-related impurities,
structural integrity, protein content and biological activity)
with comparison to suitable reference standards where
appropriate.

When the active substance is a conjugated or chemically
modified protein, e.g; a pegylated protein, appropriate tests
must be performed on both the modified and unmodified
protein. Tests for product-related variants (e.g. proportion of
modified and unmodified protein) and process-related
impurities derived from the modification procedure
(e.g. by-products of the modification reaction, reagents) are
carried out and acceptance criteria should be established.

FINISHED PRODUCT
One or more batches of active substance may be combined
to obtain the finished product. Suitable stabilisers and
excipients may be added.

The finished product complies with the relevant dosage form
monographs, with the relevant individual monograph as
appropriate, and with the following considerations.

IDENTIFICATION
The identity testes) must be specific and must be based on
unique aspects of the product's molecular structure or other
specific properties such as the size of the molecule, its
primary sequence, its isoelectric profile, its chromatographic
properties and its functional conformation, with comparison
of me product to a suitable reference standard where
appropriate. Methods used in the determination of potency
or purity may also contribute to the identification.

TESTS
Methods capable of determining process-related impurities
and product-related substances and impurities (e.g. resulting
from product truncation, fragmentation, aggregation,
oxidation) deamidation) are applied and acceptance criteria
established, as appropriate. Where impurities are controlled
at a suitable earlier stage, the tests may be omitted at the
finished product stage.
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Tests applied to modified proteins
Suitable tests are carried out depending on the type of
modification and the product complieswith the approved
limits.

ASSAY
Content
It complies with me limits approved for the particular
product. It is usually based on protein content and expressed
in mass units. The procedures described in general chapter
2.5.33. Totalprotein may be applied. \Vhen appropriate, other
methods usinga suitable reference standard such as liquid
chromatography (2.2.29) may also be used. For modified
proteins, the content refers to the protein partof the
molecule.

Potency
A potency assay is established using a suitable reference
standard and carried out against this reference standard.
General chapter 5.3. Statinicalanalysis of results of biowgical
assaysand tests may be used to design the assay and calculate
Ute results.

--------------------'''''"

Regorafenib Monohydrate
(Ph. Eur. monograph 3012)

substance separately in acetone RJ evaporate to dryness and
record new spectra using me residues.

B. Waler (see Tests).

TESTS
Impurity A
Liquid chromatography (2.2.29). Carry out the resr protected
from lightand store thesolutions at 2-8 "C.

Test solution Dissolve 0.250 g of the substance to be
examined in tetrahydrofuran R and dilute to 5.0 mL with the
same solvent.
Reference solution Dissolve 5.0 mg of regorajenib
impuriry A CRS in tetrahydrofuran R and dilute to 50.0 mL
with the same solvent. Dilute 2.5 mL of the solution to
50.0 mL with tetrahydrofuran R.
Column:
- size: 1= 0.15 m, 0 =3.0 mrn,
- statwnary phase: end-capped etlrylene-bridged poIar-embedded

oetadecy1silyl silica gelfor chromawgraphy (lrybridmaterial) R
(3.5 urn),

- temperature: 50 "C.
Mobile phase:
- mobile phaseA: mix 8 volumes of acewnitrile for

chromatography Rand 92 volumes of a solution containing
0.5 gIL of dipotassium hydrogen phosphate Rand 1.5 gIL of
patassium diJrydrogen phosphate R;

- mobile phase B: ac""nitrile for chromalOgraphy R;

PhE" _

£
~y~~ ('~

CI "'- 0 F~O~~'CH,
F 0

F F

Action and use
Tyrosinekinase inhibitor; treatment of metastatic colorectal
cancer and unresectable or metastatic gastrointestinal stromal
tumours.

Preparation
Regorafenib Tablets

DEFINITION
4-[4-[[[4-Chloro-3-( trifluoromethyl)phenyl]
carbamoyl]amino]-3-11uorophenoxyJ-N-methylpyridine-2­
carboxamide monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhiteor pinkish or brownish powder.

Solubility
Practically insoluble in water, sparingly soluble in acetone,
slightly soluble in ethanol (96 per cent) and in methanol,
practically insoluble in heptane.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison regorafenib monohydrate CRS.
If the spectra obtainedin the solid state show differences,
dissolvethe substance to he examined and the reference

Time MobUe phase A MobUe pholle B
(min) (per cent V/J? (per cent VII')

0-2 100 0

2 - 17 100 ..... 22 o -lo 78

Flawrate 1.0 mVmin.

Detection Spectrophotometer at 228 om.

AUlOSamp/er Set at 8 "C.

Inje<tion 3.0 ~L

Relativeretention Withreference to regorafenib (retention
time = abour 14 min): impurity A = about 0.6.

Systemsuitability Reference solution:
- repeatability: maximum relative standard deviation of

10.0 per cent determined on 6 injections.
Calculation of COIl/enl:
- for impurity A, use the concentration of impurity A in the

reference solution.
Limit:
- impurity A: maximum 100 ppm.

Related substances
Liquid chromatography (2.2.29). Carry out the resr prote<t<d
from light and sICre the solwions ar 2-8 "C.
Test solution (a) Dissolve 30.0 mg of the substance to be
examinedin methanol R anddilute to 20.0 mL with the same
solvent.
Test solution (b) Dilute 15.0 mL of test solution (a) 10

50.0 mL with methanol R.
Reference sohuion (a) Dissolve 30.0 mg of regorafenib
monohydrate CRS in methanol R and dilute 10 20.0 mL with
the same solvent. Dilute 15.0 mLof the solution {Q 50.0 mL
with methanol R.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.

1019206-8&-2500.8C"H15CIF,N,O"H,O
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Reference solution (c) Dissolve 2 mg of sorafenib CRS in
methanol R and dilute to 50 mL with the same solvent.
Dilute 0.2 mL of the solution to 2 mL with test solution (a).

Reference solution (d) Dissolve 3 mg of regorafenib
impurityC CRS in methanol Rand dilute 10 100 mL with the
same solvent.
Reference solution (e) Dissolve 3 mg of regorafenib
impurityD CRS in dimethylsu/joxide R and dilute to 100 mL
with the same solvent.
Reference solution (f) i\tlix 1 mL of referencesolution (d)
and 1 mL of reference solution (e) and dilute [Q 20 mL with
methanol R.

Column:
- size: 1= 0.15 m, «2) = 2.1 mm;
~ stationary phase: end-copped ethylene-bridged phenylsilyl silica

gelfor chromarography (hybridmaterial) R (3.5 urn);
- temperature: 63 °e.
Mobile phase:
- mobile phaseA: acetonitrile for chromatography R)

0.1 per cent VIVsolution of lrijluoroacet;c acidR
(3:97 VII');

- mobile phaseB: acetonitrile for chromawgraphy R;

Tim, Mobile phase A Mobile phase B
(min) (percent V~ (per cem V/l?
0-2 100 0

2·15 100 ..... 78 o ..... 22

15 - 25 78 ...... 60 22 ..... 40

25 - 33 60 ..... 36 40 ..... 64

33 - 37 ,. 64

FWw rale 0.9 mllmin.

Detection Spectrophotometer at 232 nm.

Autosamp/er Set at 8 DC.
Injection 5,u.. of test solution (a) and reference
solutions (b), (c) and (t).

Idemijication of peaks Use the chromatogram obtained with
reference solution (f) to identify the peaks due to
impurities C and D; use the chromatogram obtained with
reference solution (c) to identify the peakdue to sorafenib.
Relativeretention With reference to regorafenib (retention
time =about 25 min): impurity C =about 0.4;
impurity D =about 0.8; sorafenib =about 0.95.

System suitability Reference solution (c):
- resolution: minimum 3.0 between the peaks due to

sorafenib and regorafenib.

Calculation of percentage contents:
- cotreaion faaon: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity C = 0.5; impurity D = 0.6;

- for each impurity, use the concentration of regorafenib
monohydrate in reference solution (b).

Limits:
- impurity D: maximum 0.2 per cent;
- impun·ty C: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum0.5 per cent;
- reporting Ihreshold: 0.05 per cent.

Water (2.5.32)
3.2 per cent to 4.0 percent, determined on 50.0 mg using
the evaporation technique at 150 DC.

Regorafenib Monohydrare II-S03

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances with the following modification.
Injection Test solution (b) and reference solution (a).
Calculate the percentage content of CZIH15CIF-tN40J taking
into account the assigned content of regorafenib
monohydrate CRS.

IMPURITIES
Specified impun·ties A, G, D.
Otherdetectable impun·tres (thefollowing substances would, if
present at a sufficient level, be detected by one or otherof the tests
in the monograph. They are limited by thegeneral acceptance
cruerion for other/unspecified impurities and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to ide1llify these impurities for
demonstration of comp/iana. See also 5.10. Control of impumies
in substances forpharmaceutical use) B, E.

A. 4-( d-amlno-3-fluorophenoxy)-N-methylpyridine-2­
carboxamide,

B. 4-( 4-acelamido-3-fluorophenoxy)-N-methylpyridine-2­
carboxamide,

C.4-[3-fluoro-4-[[2-(methylcarbamoyl)pyridin-4-yl]amino]
phenoxy]-N-methylpyridine-2-carboxamide,

D. 3',72-difluoro-N,N'-dimethyl-5-oxo-2,8-dioxa-4,6-diaza-1
(4),9 (4)-dipyridina-3(1,4),7(1,4) -dibenzenanonaphane­
12,92-dicarboxamide,
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E. 9'-chloro-3-,[II4-chloro-3-(trifluoromethyl)
phenyljcarbamoyljaminoj-fij-fluoro-N-methyl-7-oxo-93

­

{triflucromethyl)-2,4-dioxa- 6,8-di aza-I (4)-pyri dina- 3
(1,3)J5(1,4),9 ( 1)-tribenzenanonaphane-tf-carboxamide.

___________________ ""E"

£
~Y~nDyNI 0 I I ~

CI F~: "" 0 ~ 0 'CH,

F F

F FF
HNY~~F

o V
CI

Remifentanil Hydrochloride
(ph. Bur. monograph 2644)

***• *• ** •'.*

. He<

to pH 3.0 with phosphoric acid R and dilute to 1000 mL with
waterfor chronuuography R.
Tf!.St solution (a) Dissolve 30.0 mg of the substance to be
examined in mobilephase B and dilute to 20.0 mL with
mobilephase B.
Test sdution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with mobile phase B.

Reference solution (a) Dissolve 3 mg of remifemanil
impun·ty mixture CRS (containing impurities A, B, C, EJ L, N
and 0) in mobilephaseB and dilute to 2 mL with mobile
phase B.

Reference sdution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with mobile phase B. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase B.
Reference solution (e) Dissolve 30.0 mg of remifenranr1
hydrochloride CRS in mobile phase B and dilute to 20.0 mL
with mobilephase B. Dilute 1.0 mL of the solution to
20.0 mL with mobile phase B.
Column:
- size: 1= 0.10 m, 0 == 2.1 mm;
- stationary phase: end-capped oc'adecylphenylsilyl silica gelfor

chromatography R (2 pm);
- temperature: 40°C.
MoM,phase:
- mobile phaseA: acetonitrile Rl, methanol R2, buffer solution

(1:9:90 VIVIV);
- mobile phase B: acetonitrile Rl, buffer solution, methanol R2

(12:40:48 VIVIV);

C,oH"CIN,O, 412.9 132539-07-2 Time
(mln)

Mobile pbase A
(per cent VIV)

Mobile phase B
(per cent VIP)

Action and use
Opioid receptoragonist; analgesic.

85

85 ---> 45

15

15 ---> 55

""E" ~ _
DEFINmON
Methyll-(3-methoxy-3-oxopropyl)-4-[phenyl
(propanoyl)amino]piperidine-4-carboxylate hydrochloride.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freelysoluble in water, soluble in acetonitrile and in
methanol, sparingly soluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison remifentanil hydroc~loride CRS.
B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method If).

Dissolve 0.5 g in water R and dilute to 50.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use and keep them at not more than 5°C.
Buffer solution Dissolve 6.0 g of anhydrous sodium dihydrogen
phosphate R in 950 mL of waterfor chromatography R, adjust

Flowrate 0.65 mllmin.

Detection Spectrophotometer at 210 nm.

Injection 5.0 J.lL of test solution (a) andreference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with remijenumil impurity mixture CRS and the chromatogram
obtained with reference solution (a) to identify me peaks due
to impurities AJ B, CJ EJ L, Nand O.

Relative retention With reference to remifentanil (retention
time =about 10 min): impurity L =about0.2;
impurity 0 = about 0.40; impurity B = about0.44;
impurity A = about 0.7; impurity C = about0.80;
impurity N = about 0.85; impurity E = about 1.4.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurities 0 and B; minimum 2.0 between the peaks due
to impurities C and N.

Calculation 0/percentage contents:
- correction factor: multiply the peak area of impurity L

by 1.5;
- for each impurity, use the concentration of remifentanil

hydrochloride in reference solution (b).
Limits:
- impun·ty C: maximum 0.5 per cent;
- impun·'Y A: maximum 0.2 per cent;
- impurities B, E, L: for each impurity, maximum

0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
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- total: maximum 1.0 per cent;
- reponing threshold: 0.05 per cent.

Methyl acrylate
Head-space gas chromatography (2.2.28).

Internal standardsolution Dilute 25.0 J.1L of propanol R to
100.0 mL with waterfor chromatography R. Dilute 50.0 mL of
the solution [0 1000.0 mL withwaterfor chromatography R.

Test solution Dissolve 0.100 g of the substance to be
examinedin the internal standard solution and dilute to
5.0 mL with the internal standard solution.
Reference solution Dilute 75.0 l'l. of methylacrylate R to
100.0 mL with the internal standard solution. Dilute
10.0 mL of the solution to 100.0 mL with the internal
standard solution. Dilute 7.0 mL of this solution to
100.0 mL with the internal standard solution.
Precolumn:
- material: deactivated fused silica;
- size: t = 5 m, 0 =0.25 nun.

Column:
- material: fused silica;
- size: 1= 60 m, 0 = 0.53 nun;
- ,tationary phase: cyanopropyl(7)phenyl(7)melhy/(86)

poIysiloxane R (film thickness 3 urn).

Carrier gas helium for chromatography R.
FWto rate 8.3 mUmin.

Pressure 68.9 kPa.

Split ratio I: 10.

Static head-space conditions that may be used:
- eqUl7ibration temperature: 90°C;
- equt1ibratiun time: 5 mjn,

- transfer-line temperature: 180 "C;
- pressurisation time: 2 min;
- injection: 6 s or 1 mL;
- withdrawal time: 12 s;
- shaker: on.
Temperature:

Time Temperature
(min) Cq

Column 0-35 35

35 -40 35 -. 210

40- 50 210

Injection port ISO

Detector 250

Detection Flame ionisation.
Retention time Propanol e about 25 min; methyl
acrylate ;;;; about 27, min.

Systemsuitability Reference solution:
- resolution: minimwn 5.0 between the peaks due to

propanol and methylacrylate.
Calculate the content of methyl acrylate, taking itsrelative
density to be 0.955 at 20 "C.

Limit:
- methylacrylate: maximum 250 ppm.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C for 3 h.

Sulfated ash (2.4.1<f)
Maximum 0.1 per cent, determined on 1.0 g.

Remifentanil Hydrochloride II-80S

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Mobile phase:

Tim. Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIP)

0-8 85 15

8 ~ 12 85 ---> 83 15 ---> 17

12 - 15 83 ---> 15 l7 -. 85
15 - 25 15 85

Injeaum Test solution (b) and reference solution (c).
Retention time Remifentanil = about 11 min.
System suitability Reference solution (c):
- symmetry factor. maximum 2.2 for the peakdue to

remifentanil.

Calculate the percentage content of C2oH29C1N20j" taking
into account the assigned content of remifentanil
hydrochloride CRS.

IMPURITIES
Specified impuniies A, B, C, E, L.

Otherdetectable impun/ies (thefollowing substances would, if
present at a sufficient leud, be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral accepUlnce
criterion for otherhmspedfied impurities and/or by the general
monograph SubS/an'" forpharmaceutical use (2034). It is
therefore not nuessary It) identify these impurities for
demonstration 0/compliance. See also 5.10. Control 0/impuriues
in substances for phannaceutical use) D, G, H, 1, JJ KJ.M,
N, O.

A. methyl 4-[phenyl(propanoyl)amino]piperidine-4­
carboxylate,

B. methyl 4-[acetyl(phenyl)amino]-I-(3-methoxy-3­
oxopropyl)piperidine-4-carboxylate,

C. 3-[4-(methoxycarbonyl)-4-[phenyl(propanoyl)
amino]piperidin-I-yl]propanoic acid,
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D. methyl 4-[butanoyl(phenyl)amino]-I-(3-methoxy-3­
oxopropy1)piperidine-4-carboxylate,

QI 0

H3C*,I~~OCH3
o o~.o OCH3

E. methyll-(3-methoxy-3-oxopropyl)-4-[(2-methyl-3­
oxopentanoyl)(phenyQamino]piperidine-4-carboxylate,

G. methyl l-benxyl-4-[phenyl(propanoyl)amino]piperidine-4­
carboxylate,

QI '

:OV
CN

H.I-benxyl-4-(phenylamino)piperidine-4-carbonitrile,

2022

L. methyl 3-(2-ethyl-4-oxo-l-phenyl-I,3,8-trlazaspiro
[4.5]dec-2-en-8-yl)propanoate,

QI 0

"'- r~~OCH3
HN

V
CN

M.methyI3-[4-cyano-4-(phenylamino)piperidin-l-yij
propanoate,

N. methyI3-[4-cyano-4-[phenyl(propanoyl)amino]piperidin­
I-yl]propanoate,

Q
------...,.....NH

H,C II
o

O. N-phenylpropanarnide.
____________________ PhE"

Repaglinide
(Ph. Eur. monograph 2135)

I. l-benxyl-4-(phenylamino)piperidine-4-carboxarnide,

J. methyl l-benxyl-4-(phenylamino)piperidine-4-carboxylate,

K methyl l-methyl-4-[phenyl(propanoyl)amino]piperidine-4­
carboxylate,

C"H,.N;O. 452.6 135062-02-1

Action and use
Stimulates insulin release; treatment of diabetes mellitus.

Preparation
Repaglinide Tablets

PhE" _

DEFINITION
2-Ethoxy-4-[2-[[(IS)-3-methyl-l-[2-(Piperidin-l-yl)
phenyl]butyl]amino]-2-oxoethyl]benzoic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).
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Equilibration afterinstallation of the column for use Using
waterRJ slowly increase the flow rate from 0.2 mUmin to
0.5 mUmin. Maintain the flow rate at 0.5 mUmin for
5 min. The columnmust be washed for 1 h at a flowrateof
1 mUmin withwaterR and for 1 h with the mobile phase at
the initial composition prior to the I" analysis.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 240 run.
Injection 10).l.L of the test solutionand reference
solutions (b) and (c).

Retention lime Repaglinide == about3.3 min;
impurity E = about 5.0 min.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

repaglinide and impurity E.

CHARACTERS
Appearance
W'hite or almost whitepowder.
Solubility
Practically insoluble in water, freely soluble in methanol and
in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
A. Specific optical rotation (2.2.7): + 6.3 to + 1.1.

Dissolve 1.00 g in methanol R and dilute to 20.0 mL with the
same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison r<pagtinide CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.

TESTS
Enantiomerlc purity
Liquid chromatography (2.2.29). Prepare the solutWns in amber
flashs and vials.
Test solution Dissolve 10.0 mg of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 5.0 mg of r<paglinide
impurityE CRS in methanol R and dilute to 50.0 mL with the
same of solvent.
Reference solution (b) Dilute 2.0 mL of reference solution (a)
to 100.0 mL with metha~ol R.
Reference solution (c) Mix 1.0 mL of the test solution and
10 mL of reference solution (a) and dilute to 50.0 mL with
methanol R.
Column:
- size: 1== 0.1 ID, 0 == 4.0 DUn,

- stationary phase: silica gelAGPfor chiral chromatography R
(5 um).

Mobile phase:
- mobile phase A: 1.0 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 4.1 with d,'lute sodium
hydroxide solution R;

- mobile phase B: acetonitrile R;

Limit:
- impurity E: not more than the area of the principal peak in

the chromatogram obtained withreference solution (b)
(0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 30.0 mg of the substance to be
examinedin acetonitrile R and dilute to 10.0 rnL with the
same solvent.
Reference solution (a) Dilute 5.0 mL of Ute test solution to
100.0 mL with acetonitn"1e R. Dilute 2.0 mL of this solution
to 100.0 mL with acetonitrile R.
Reference solution (b) Withthe aid of an ultrasonic bath)
dissolve the contents of 1 vial of repaglinide for system
suitabilifJ' CRS in 2.0 mL of acetonitrile R.

Column:
- size: 1== 0.15 m, ({) ;;;; 4.6 mm,
- stationary phase: silica gelfor chromaUJgraphy, alkyl-bonded

for use with highlyaqueous mobile phases R (5 pm},
- temperature: 45 'C.

Mobile phase:
- mobile phaseA: 4.0 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 3.2 with dilute phosphoric
acid R;

- mobile phase B: mobile phase A, acetonitn1e R
(300:100 VIII);

Flowrate 1.5 mUmin.

Detection Spectrophotometer at 240 run.
Injection 10 pL.

Relativeretention Wi&:h reference to repaglinide (retention
time =about 10 min): impurity A =about 0.2;
impurity B == about 0.3; impurity C ;;;; about0.4j
impurity 0 = about 1.5.

Systemsuitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity B and impurity C,
- the chromatogram obtained is similar to the

chromatogram supplied with repagtinide for system
suitaln'lity CRS.

Limits:
- correction factors: for the calculation of contents, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A ;;;; 0.6;
impurity B = 0.1; impurity C = 3.1;

- impuriues A, BJ CJ D: for each impurity, not more than
the area of the principal peakin the chromatogram
obtainedwith reference solution (a) (0.1 per cent);

- any otherimpun·ty; for eachimpurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.1 percent);

- total: not. more than5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cenr).

50 ..... 93

93

Mobile phase B
(per cent VIJI)

50 -lo 7

7

MobUe phase A
(per cent V/Jo')

Tim.
(min)

0-20

20 - 30

20 ..... 40

40

Mobile phase B
(per cent VIJI)

80 --> 60

60

Mobile phase A
(per cent VIJI)

0-4
4 - 6

Tim.
(min)
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50-55-5609

H

H':-:"~ <::\x:::
OCH,

C"H.roN20,

Action and use
Rauwolfia alkaloid; treatment of hypertension.

'''''"'------~--------~--

(Ph. Eur. monograph 0528)

Reserpine

DEFINITION
Methyl 11,17tx-dimethoxy-181l-[(3,4,5-lrimethoxybenzoyl)
oxyj-3P,20tx-yohimban-16p-carboxylate.

Content
- reserpine: 98.0 per cent 10 102.0 per cent (dried

substance),
- wtal alkaloids: 99.0 per cent 10 101.0 per cent (dried

substance).

CHARACTERS
Appearance
White or slightly yellow, smallcrystals or crystalline powder,
darkening slowly on exposure to light.

Solubility
Practically insoluble in water, veryslightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B.
Second idenlification: A, C, D, E.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 20.0 mg in chlorofOlm R and dilute to
10.0 mL with thesame solvent. Dilute 1.0 mL of this
solution 10 100.0 mL with ethanol (96 percerrO R. Examine
immediately.
Specoolrange 230-350 om.

Absorption maximum At 268 nm.
Specific absorbance at the absorption maximum 265 to 285.
Overthe range 288-295 nm, the curveshows a slight
absorption minimum followed by a shoulder or a slight
absorption maximum; over this range, the specific absorbance
is about 170.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison reserpine CRS.
C. To about I mg add 0.1 mL of a I gIL solution of sodium
molybdate R in sulfuric acid R. A yellow colour is produced
which becomes blue within 2 min.
D. To about I mg add 0.2 mL ofa freshly prepared 10 gIL
solution of vanillin R in hydrochloric add R. A pink colour
developswithin 2 min.
E. Mix about 0.5 mg with 5 mg of
dimethylaminobenzaldehyde Rand 0.2 mL of glacial acetic

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by dryingin
an oven at 105 "C. .

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.320 g in 10 mL methanol R and add 60 mL of
anhydrous acetic acidR. Titrate with 0.1M perchkmc acid,
determining the end-point potentiometrically (2.2.21J).

1 mL of 0.1 M perchloric acid is equivalent 10 45.26 mg

of C"H"N204 •

STORAGE
Protected from light.

IMPURITlliS
Specified impurities A, B~ C, D, E.

A. 4-(carboxymethyl)-2-ethoxybenzoic acid,

B. [3-ethoxy-4-(ethoxycarbonyl)phenyl]acetic acid,

C. (lS)-3-methyl-I-[2-(piperidin-I-yl)phenyl]butan-I-amine,

D. ethyl 2-ethoxy-4-[2-[[(1S)-3-methyl-I-[2-(piperidin-I-yl)
phenyljbutyljaminoj-2-oxoethyl]benzoare,

E. 2-ethoxy-4- [2-[[(I R)-3-methyl-I-[2-(piperidin-I-yl)phenyl]
butyljamino]-2-oxoethyljbenzoic acid.

____________________ PhE16
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acidR and add 0.2 mL of sulfuric acidR. A green colour is
produced. Add I mL of glacial acetic acidR. The colour
becomes red.

Resorcinol
(ph. Eur. managraph 0290)

PhE" _

CHARACTERS
A colourless Or slightly pinkish-grey, crystalline powderor
crystals, turning red on exposure to lightand air,verysoluble
in water and in alcohol.

DEFINITION
Resorcinol containsnot less than 98.5 per cent and not more
than the equivalent of 101.0 per cent ofbenzene-I,3-diol,
calculated with reference to me dried substance.

IDENTIFICATION
A. Melting point (2.2./4): 109"C to 112 "C.

B. Dissolve 0.1 gin 1 mL of waterR, add 1 mL of strong
sodium hydroxide solution Rand 0.1 mL of chloroform R, heat
and allow to cool. An intense, deep-red colour develops
whichbecomes pale yellowon the addition of a slight excess
of hydrochloric acidR.
C. Thoroughly mix about 10 mg with about 10 mg of
potassium hydrogen phthatate R, both finely powdered. Heat
over a naked flame until an orange-yellow colour is obtained.
Cool and add 1 mL of diIure sodium hydro:<ide solution R and
10 mL of water R and shake to dissolve. The solution shows
an intensegreen fluorescence.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R and dilute to
25 mL with the same solvent,

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
thanreference solution Bj or Rs (2.2.2, Method II) and
remains so when heated in a water-bath for 5 min.
Acidity or alkalinity
To 10 mL of solution S add 0.05 mL of bromophenol blue
solution R2. Not more than 0.05 mL of O. / M hydrochloric
acid or 0.1 1\-1 sodium hydroxide is required to change the
colour of the indicator.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GRas the coating substance.
Test solution Dissolve 0.5 g of the substance to he examined
in methanol R and dilute to 10 mL with the same solvent.
Reference solution Dilute 0.1 mL of the test solution to
20 mL with methanol R.
Applyseparately to the plate 2 ul, of each solution. Develop
over a path of 15 em using a mixture of 40 volumes of ethyl
acetate Rand 60 volumes of hexane R. Allow the plate to dry
in air for 15 min and expose it to iodine vapour. Any spot in
the chromatogram obtained with the test solution, apart from
the principal spot, is not more intense than the spot in the
chromatogram obtained with the reference solution
(0.5 per cent).

/08-46-3

HOyyOH

V
110.1

Action and use
Keratolytic.

TESTS
Specific optical rotation (2.2.7)
-116 to -128 (dried substance).

Dissolve 0.250 g in chloroform R and dilute to 25.0 mL with
me same solvent. Examineimmediately.

Oxidation products
Dissolve 20 mg in glacial acetic acidR and dilute to 100.0 mL
with the same acid. The absorbance (2.2.25) measured
immediately at the absorption maximum at 388 om is not
greater than 0.10.

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 0.500 g by drying in
vacuoat 60°C at a pressure not exceeding 0.7 kPafor 3 h.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 0.5 g.

ASSAY
Total alkaloids
Dissolve 0.500 g in a mixture of 6 mL of acetic anhydride R
and 40 mL of anhydrous acetic acid R. Titrate with O. / M
perchloric acid) determining the end-point potentiometrically
(2.2.20).
1 mL of 0.1 M perch/one add is equivalent to 60.9 mg of total
alkaloids.

Reserpine
Protect the solutions from light Moisten 25.0 mg with 2 mL of
ethanol (96 percenV R, add 2 mL of 0.25 M sulfuric acidand
10 mL of ethanol (96 percent) R, and warm gently to
dissolve. Cool and dilute to 100.0 mL with ethanol
(96 pereenV R. Dilute 5.0 mL of this solution to 50.0 mL
with ethanol (96 per cem) R. Prepare a reference solutionin
the same manner using 25.0 mg of reserpine CRS. Place
10.0 mL of each solution separately in 2 boiling-tubes, add
2.0 mL of 0.25 M sulfuric acidand 2.0 mL of a freshly
prepared 3 gIL solution of sodium nimte R. Mix and heat in a
water-bath at 55 "C for 35 min. Cool, add 1.0 mL of a
freshly prepared 50 gIL solution of suIfamic acid R and dilute
to 25.0 mL with ethanol (96 percenV R. Measure the
absorbance (2.2.25) of each solution at the absorption
maximum at 388 nm, using as the compensation liquid
10.0 mL of the same solutionprepared at the same time in
the same manner, but omitting the sodium nitrite.
Calculate the content of Gn liJoN209 from the absorbances
measured and the concentrations of the solutions.

STORAGE
Protected from light.
____________________ PhE"
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Pyrocatechol
To 2 mL of solution S add 1 mL of ammonium molybdate
solution R2 and mix. Any yellow colour in the solution is not
more intense than that in a standard prepared at the same
time in the same manner using 2 mL of a 0.1 gIL solution of
pyrocatechol R.

Loss on drying (2.2.32)
Not more than 1.0 per cent, determined on 1.00 g of
powdered substance by drying in a desiccator for 4 h.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.500 g in waterR and dilute to 250.0 mL with the
same solvent To 25.0 mL of the solution in a ground-glass­
stoppered flask add 1.0 g of potassium bromide R, 50.0 mL of
0.0167 M potassium bromate, IS mL of chloroform Rand
15.0 mL of hydrochlOlic acidRl. Stopper the flask, shake and
aUow to stand in the dark for 15 min, shaking occasionally.
Add 10 mL of a 100 gIL solution of potassium iodide R, shake
thoroughly, allow to stand for 5 min and titrate with 0.1 .t\'f
sodium thiosulfate, using I mL of starch solution R as indicator.

I mL of 0.0167 M potassium bromate is equivalent to
1.835 mg of C.H.02 •

STORAGE
Store protected from light.
___________________~_!'hE..

Synthetic Retinol Concentrate
(Oily Form)
(Vitamin A Coucentrate (Oily Form) Synthetic,
Ph. Bur. monograph 0219)

Action and use
Vitamin A.

!'hE.. _

DEFINITION
Oily concentrate prepared from synthetic retinol ester (0217)
as is or by dilution with a suitable vegetable fatty oil.

Content
95.0 per cent to 110.0 per cent of the vitamin A content
stated on the label, which is not less than 500 000 Wig.
It may contain suitable stabilisers such as antioxidants.

CHARACTERS
Appearance
Yellow or brownish-yellow, oily liquid.

Solub1l1ty
Practically insoluble in water, soluble or partly soluble in
anhydrous ethanol, miscible with organic solvents.

Partial crystallisation may occur in highly concentrated
solutions.

IDENTIFICATION
Thin-layer chromatography (2.2.27).

Test solution Prepare a solution containing about3.3 JU of
vitamin A per microlitre in cydohexane R containing 1 gIL of
butylhydroxytoluene R.
Reference solution Prepare a 10 mg/rnl, solution of retind
ester! CRS (i.e. 3.3 W of each ester per microlitre) in
cyclohexane R containing I gIL of butylhydroxytoluene R.

2022

Plate TLC silica gelF", plate R.
Mobile phase ether R, cycloltexane R (20:80 ViI').
Application 3 ~L.

Development Immediately, over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitability Reference solution:
- the chromatogram shows the individual spots of me

corresponding esters. The elution order from bottom to
top is: retinol acetate, retinol propionate and retinol
palmitate.

Results The composition of me test solution is confirmed by
the correspondence of the principal spot or spots with those
obtained with the reference solution.

TESTS
Acid value (2.5.1)
Maximum 2.0, determined on 2.0 g.

Peroxide value (2.5.5, Methad A)
Maximum 10.0.

Use carbon dioxide-free waterR instead of waterR and titrate
with 0.01 M sodium thiosulfate at a rate of 5 ml.zmln, stirring
with a magnetic stirrer. Determine the end-point
potentiometrically (2.2.20).

Related substances
Tbe thresholds indicated under Related substances
(Tahle 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

ASSAY
Cany out the assayas rapidly as possible, avoiding exposure to
aClinic light} air, oxldising agents, oxidation catalysts (e.g. copper,
iron), acids and prolouged heat; use freshly prepared solutions.
IfpartialaystallisatUm hasoccurred, homogenise the material at
aOOm 65 °C, but avoidprolonged heating.
Cany out the assayaccording (0 MethodA. If the assayisnot
shown to be valid) uselYIethod B.

Method A
Ultraviolet absorption spectrophotometry (2.2.25).

Dissolve an appropriate quantity of the preparation to be
examined (25.0-100.0 mg) in 5 mL ofpentane R and dilute
with 2-propanol Rl to a presumed concentration of
10-15 WlmL.

Verify that the absorption maximum of the solution lies
between 325 nm and 327 om and measure the absorbances
at 300 om, 326 om, 350 om and 370 nm. Repeat the
readings at each wavelength and take the mean vatues.
Calculate the ratio AJlA326 for each wavelength.

If the ratios do not exceed: 0.60 at 300 nm, 0.54 at 350 om)
0.14 at 370 om) calculate the content of vitamin A in
International Units per gram using the following expression:

A'26 X Vx 1900
100xm

A 326 absorbance al 326 nm,
m mass of the preparation to beexamined used, in grams,
V total volume to which the preparation [0 be examined is diluted

to give 10.15 IU/mI..,
1900 factor to convert the specific absorbance of esters of retinol into

International Units per gram.

If one or more of the ratios A)/A 326 exceeds the values given)
or if the wavelength of the absorption maximum does not lie
between 325 nm and 327 nm, use Method. B.
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MethodB
Liquid chromatography (2.2.29).

Test solution Introduce 0.100 g of the preparation to he
examined into a 100 mL volumetric flask and dissolve
immediately in 5 mL ofpentaneR. Add 40 mL of 0.1 M
tetrabutylammonium hydroxide in 2-propatw{ and swirl gently.
Let the mixture react for 10 min at 60-65 °C for hydrolysis,
swirling occasionally. Allow [0 cool to room temperature,
dilute to 100.0 mL with 2-propanol R containing I gIL of
butylhydroxycoluene RJ and homogenise carefully to avoid air
bubbles (solution A). Dilute this solution with 2-propanol R
to a final concentration of 100 IU/mL. Homogenise carefully
to avoid air bubbles.

Reference solution Introduce about 0.100 g of retinol
acetate CRS into a 100 mL volumetric flask and proceed as
described for solution A. Dilute the solution with
2-propanol R to a final concentration of 100 IUlmL.
Homogenise carefully to avoid air hubbies.

Column:
- size: 1= 0.125 m, 0 = 4 mm;
- stationary phase: ottade<ylsilyl silica gelfor chromatography R

(5 urn).

Mobile phase waterfor chromatography R, methanol R
(5:95 VIV).

Flow rate I mUmin.

Detection Spectrophotometer at 325 run.

Injection 10 ~L.

Run time 1.5 times the retention time of retinol.

Retention time Retinol = about 3 min.

Calculate the content of vitamin A in International Units per
gram using the following expression:

AI area of the peak due to retinol in the chromatogram obtained
with the test solution,

A2 area of the peak due to retinol in the chromatogram obtained
wish the reference solution)

C concentration of ruinoIaw.ate CRS, in International Units per
gram, determined by method Ai the absorption ratios AJAJ 26

must conform,
ffl, mass of the preparation to be examined used to prepare the test

solution, in milligrams,
ml mass of rttinol acerate CRS used to prepare the reference

solulion , in milligrn:ms.

STORAGE
In an airtight container, protected from light.

Once the container has been opened, its contents are to be
used as soon as possible; any part of the contents not used at
once must be protected under an inert gas.

LABELLING'
The label staus:
- the number of International Units per gram;
- the name of the ester or esters;
- the name of any added stabilisers;
- the method of restoring the solution if partial

crystallisation has occurred.
_____________________ PflE«
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Synthetic Retinol Concentrate
(Powder Form)
(Vitamin A Concentrate (Pouder Form), Synthetu)
Ph. Eur. monograph 0218)

Action and use
Vitamin A.

PhE« _

DEFINITION
Powder concentrate obtained by dispersing a synthetic retinol
ester (0217) in a matrix of Gelatin (0330) or Acacia (0307) or
other suitable material.

Content
95.0 per cent to 115.0 per cent of the vitamin A content
stated on the label, which is not less than 250 000 lV/g.
It may contain suitable stabilisers such as antioxidants.

CHARACTERS
Appearance
Yellowish powder usually in the form of particles of almost
unifonn size.

Solublllty
Practically insoluble in water, swells or forms an emulsion,
depending on the formulation.

IDENTIFICATION
Thin-layer chromatography (2.2.27).

TestsolutUm Introduce a quantity of the preparation to be
examined containing about the equivalent of 17 000 ill of
vitamin A into a 20 mL glass-stoppered test tube. Add about
20 mg of bromelains R, 2 mL of waterR and about 150 ~ of
2-propanol R, swirling gently for 2-5 min in a water-bath at .
60-65 ·C. Cool to below 30 ·C and add 5 mL of
2-propanol R containing I gIL of bary/hydroxytoluene R. Shake
vigorously for 1 min, allow to stand for a few minutes and
use the supernatant solution.

Reference solution Prepare a 10 mg/ml, solution of retinol
esters CRS (i,e. 3.3 IV of each ester per microlitre) in
2-propanol R containing I gIL of bury/hydroxyto/uene R.

Plate TLC silica gelFm ploteR.

Mobile phase ether R, cye/ohexane R (20:80 VIV).

Application 3 ~L.

Deudopmenc Over a path of IS em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.

System suitability Reference solution:
- the chromatogram shows the individual spots of me

corresponding esters, The elution order from bottom to
top is: retinol acetate, retinol propionate and retinol
palmitate.

Results The composition of the test solution is confirmed by
the correspondence of the principal spot or spots with those
obtained with the reference solution.

TESTS
Related substances
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Subsumces jor
pharmaceutical use (2034) do not apply.

ASSAY
Carry out the assayas rapidly as possible, aWiaingexposure to
actinic light, air) oxidising agents, oxidation catalysts (e.g. copper,
iron), adds and prolonged heat.
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PhE" _

The absorbance ratios A)./A326 must conform.

---------------------,"""

**** ** ** ****
Synthetic Retinol Concentrate,
SolubilisatelEmulsion

If the ratios do not exceed: 0.60 at 300 nm, 0.54 at 350 nm,
0.14 at 370 run, calculate the content of vitamin A in
International Units per gram using the following expression:

DEFINITION
liquid concentrate (water is generally used as solvent) of a
synthetic retinol ester (0217) and a suitable solubiliser.

Content
95.0 per cent to 115.0 per cent of the vitamin A content
stated on the label, which is not less than 100 000 IU/g.
It may contain suitable stabilisers such as antimicrobial
preservatives and antioxidants.

CHARACTERS
Appearance
Yellow or yellowish liquid of variable opalescence and
viscosity. Highly concentrated solutions may become cloudy
at low temperature or take the form of a gel.

A mixture of 1 g with 10 mL of warer R previously warmed
to 50°C gives, after cooling to 20 °C, a uniform, slightly
opalescent and slightly yellow dispersion.

IDENTIFICATION
Thin-layer chromatography (2.2.27).

Test solution Introduce a quantity of the preparation to be
examined containing about the equivalent of 17 000 IU of
vitamin A into a 20 mL glass..toppered test tube. Add 5 mL
of 2-propanol R containing 1 gIL of bUlylhydroxywluene Rand
mix thoroughly.

Reference solution Prepare a 10 mglmL solution of retinol
esters CRS (i.e. 3.3 IV of each ester per microlitre) in
2-propanol R containing 1 gIL of bUlylhydroxywluene R.

Synthetic Retinol Concentrate (Water-dispersible
Form)

(Vitamin A Concenlrate, (SolubilisateIEmulrion), Synmelk,
Ph. Bur. monograph 0220)

STORAGE
In an airtight container, protected from light.

Once the container has been opened. its Contents are to be
used as soon as possible; any part of the contents not used at
once should beprotected by an atmosphere of inert gas.

LABELLING
The label states:
- the number of International Units per gram.
- the name of the ester or esters.
- the name of the principal excipient or excipients used and

the name of any added stabilisers.

AJ26 absorbance at 326 run.
m mass of rerinol acetate CRS, in grams.
V lotal volume to which the retinol acelal~ CRS is diluted to give

10-15 IU/mL,
1900 factor £0 convert me specificabsorbance of esters of retinol into

Intemetional Units per gram.

Am x V x 1900

100xm

Liquid chromatography (2.2.29).

Test solution (aJ Introduce 0.200 g of the preparation lO be
examined into a 100 mL volumetric flask. Add 20-30 mg of
bromelains R, 5.0 mL of waterRand 0.15 mL of
2-propanol R. Heat gently in a water-bath at 60°C for about
5 min, swirling occasionally. Add 40 mL of 0.1 M
tetrabuO'lammonium hydroxide in 2-propanol. Swirl gently and
let the mixture react for 10 min at 60-65 °C for hydrolysis,
swirling occasionally. Ensure that aU sample material is
wetted. Allow to cool to room temperature, dilute to
100.0 mL with 2-propanol R containing 1 gIL of
butylhydroxytoluene RJ and homogenise carefully to avoid air
bubbles. The solution may be turbid.

Te" solution (b) Dilute test solution (a) with 2-propanol R to
a final concentration of 100 IU/mL. Filter before injection.

Reference solution (a) Introduce about 0.100 g of retinol
acetate CRS into a 100 mL volumetric flask and dissolve
immediately in 5 mL of pentane R. Add 40 mL of O. I M
tecrabutylammonium hydroxide in 2-propanol. Swirl gently and
let the mixture react for 10 min at 60-65 °C for hydrolysis,
swirling occasionally. Allow to cool to room temperature,
dilute to 100.0 mL with 2-propanol R containing 1 gIL of
butylhydroxytoluene R, and homogenise carefully to avoid aU­
bubbles.

Reference solmion (b) Dilute reference solution (a) with
2-propanol R to a final concentration of 100 IU/mL.
Homogenise carefully to avoid air bubbles.

Column:
- size: 1= 0.125 m, 0 =4 nun,
- stationary phase: oaadecy1silyl silica gelfor chromatography R

(5 um). .

Mobile phase walerR, methanol R (5:95 VIV).
Flow rale I mUmin.

Deuaion Spectrophotometer at 325 run.

Injection 10 J.IL of test solution (b) and reference
solution (b).

Run lime 1.5 times the retention time of retinol.

Retention time Retinol = about 3 min.

Calculate the content of vitamin A using the following
expression:

A I area of me peak due to retinol in me chromatogram obtained
with rest solution (b),

A2 area of the peak due to retinol in the chromatogram obtained
with reference solution (b).

C concentration of retinolaUlateCRS in International Units per
gram, determined by me method below,

ml mass of me substance to be examined in test solution (a), in
milligrams.

m2 mass of ren'nq/ acetale CRS in referencesolution (a), in
milligrams.

The exact concentration of retinol acetate CRS is assessed by
ultraviolet absorption spectrophotometry (2.2.25). Dissolve
25-100 mg of reanol acetate CRS, weighed with an accuracy
of 0.1 per cent, in 5 mL of pentane R and dilute with
2-propa,wI RI to a presumed concentration of 10-15 IU/mL.
Verify that the absorption maximum of the solution lies
between 325 nm and 327 om and measure the absorbances
at 300 urn, 326 urn, 350 urn and 370 urn. Repeat the
readings at each wavelength and take the mean values.
Calculate the ratio A,./A326 for each wavelength.
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Plate TLC silica gelF254 plateR.
Mobile phase ewerR, cyclahexane R (20:80 VIV).

Application 3 ~L.

Development Over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 run.

Systemsuitability Reference solution:
- the chromatogram shows the individual spots of the

corresponding esters. The elution order from bottom (0

top is: retinol acetate, retinol propionate and retinol
palmitate.

Results The composition of the test solution is confirmed by
the correspondence of me principal spot or spots with those
obtained with the reference solution.

TESTS
Related substances
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Sub,ran", for
phannaceutical use (2034) do not apply.

ASSAY
Cany out the assayas rapjdJy as possible, avoiding exposure to
actinic light, air, oxidishlg agents, oxidation catalysts (e.g. copper,
iron), addsand prolanged heat.
Liquid chromatography (2.2.29).

Test solution (a) Introduce 0.200 g of the preparation to be
examined into a 100 mL volumetric flask. Add 40 mL of
0.1 M tetrabUly/ammonium hydroxide in 2-propanol. Swirl into
dispersion and let the mixture react for 10 min at 60-65 °C
for hydrolysis, swirlingoccasionally. Ensure that all sample
material is wetted. Allow to cool to room temperature, dilute
to 100.0 mL with 2-propanol R containing I gIL of
butylhydroxyUJIuene R and homogenise carefully to avoid air
bubbles. Residue of me matrix may make the solution more
or less cloudy.

Test solution (b) Dilute test solution (a) with 2-propanol R to
a final concentration of 100 WlmL. Filter before injection.

Reference solution (a) Introduce about 0.100 g of retinol
acetate CRS into a 100 mL volumetric flask and dissolve
immediately in 5 mL of pentaneR. Add 40 mL of 0.1 M
tetrabutylammonium hydroxide in 2-propanol. Swirl gently and
let the mixture react for 10 min at 60-65 °C for hydrolysis,
swirling occasionally. Allow to cool to room temperature,
dilute to 100.0 mL with 2-propanol R containing I gIL of
butylhydroxyto/uene R, and homogenise carefully to avoid air
bubbles.

Reference solution (b) Dilute reference solution (a) with
2-propanol R to a final concentration of 100 IV/mL.
Homogenise carefully to avoid air bubbles.

Column:
- size: 1= 0.125 ID, 0 = 4 mm,
- ,ran.nary phase: octade<Y1n7yI,ili<a gelfor chromauigraphy R

(5 pm).

Mobile pbase water R, methanol R (5:95 VIV).

Flaw rate I mlJmin.

Detection Spectrophotometer at 325 run.

Injection 10 ~L of test solution (b) and reference
solution (b).

Run time 1.5 times the retention time of retinol.

Retention time Retinol = about 3 min.
Calculate the content of vitamin A using the following
expression:

Retinol II-813

AI area of the peak due to retinol in the chromatogram obtained
with test solution (b),

A] area of the peak due 10 retinol in ihe chromatogram obtained
wilh reference solution (b),

C concentration of raulol a«talt CRS in International Units per
gram, determined by the method below,

IIlI mass of the substance to be examined in lest solution (a), in
milligrams.

1112 mass of rerinol acaateCRS in reference solution (a), in
milligrams.

The exact concentration of retinol acetate CRS is assessed by
ultraviolet absorption spectrophotometry (2.2.25), Dissolve
25-100 mg of retinol acetate CRS, weighed with an accuracy
of 0,1 per cent, in 5 mL of pentane R and dilute with
2-propano[ Rl to a presumed concentration of 10-15 IU/mL.

Verify that the absorption maximum of the solution lies
between 325 run and 327 nm and measure the absorbances
at 300 nm, 326 nm, 350 run and 370 run. Repeat the
readings at each wavelength and take me mean values.
Calculate the ratio A)lA 326 for each wavelength.

If the ratios do not exceed: 0.60 at 300 nm, 0.54 at 350 nm ,
0.14 at 370 nm, calculate the content of vitamin A in
International Units per gram using the following expression:

Am x V x 1900

lOOxm

A l 26 absorbance at 326 rim,

III mass of minot aaUUt CRS, in grams,
V total volwne to which the retinol aa«ltt CRS is diluted to give

10-15 IU/mL,.
1900 factor to convert the specific absorbance of esters of retinol into

International Units per gram.

The absorbance ratios AJA326 must conform.

STORAGE
In an airtight container, protected from light, at the
temperature stated on the label.

Once the container has been opened) its contents are to be
used as soon as possible; any part of the contents not used at
once should be protected by an, atmosphere of inert gas.

LABELLING
The label states:
- the number of International Units per gram,
- the name of the ester or esters,
- the name of the principal solubiliser or solubilisers used

and the name of any added stabilisers,
- the storage temperature.
_____________________ 1"""
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Ribavirin
(Ph. Eur. monograph 2109)

o

H,N~)-N
H0l-----0~ >
H

N

OH OH

244.2

Action and use
Antiviral (hepatitis C, respiratory syncytial virus).

Preparation
Ribavirin PowderforNebuliser Solution

**** ** ** ****

36791-04-5

2022

Reference solution (b) Dilute 1.0 mLof the test solution to
100.0 mL with warer for chromawgraphy R. Dilute 1.0 mL of
this solution to 10,0 mL with waterfor chromatography R.
Reference solution (c) Dissolve 50.0 mg of ribavin'n CRS in
waterfor chromatography R and dilute to 100.0 mL with the
same solvent.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: spherical end-copped octade<y/silyl silica gel

for chromarography R (3 um) suitable for use with highly
aqueous mobilephases;

- temperature: 25 °C.

Mobile phase:
- moln7e phase A: dissolve 1.0 g of anhydrous sodium sulfare R

in 950 mL of waterfor chromawgraphy R, add 2.0 mL of a
5 per cent VIVsolution of phosphork add RJ adjust to

pH 2.8 with a 5 per cent VIV solution of phosphoric acidR
and dilute to 1000 mL with water for chromatography R;

- mobile phaseB: aceronitrile Rl, mobile phase A (5:95 VIV);
PhE" _

DEFINITION
I-~-D-Ribofuranosyl-IH-I,2,4- triazole-j-carboxamide.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent), slightly soluble or very slightly soluble in
methylene chloride.
It shows polymorphlsm (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison ribavirin CRS.
H the spectra obtained in the solid stateshowdifferences,
dissolve the substance to be examined and the reference
substance separately in methylene chloride R, evaporate to
dryness and record new spectra using the residues.

TESTS
pH (2.2.3)
4.0 to 6.5.

Dissolve 0.200 g in carbon dioxide-free water R and dilute to
10.0 mL with the same solvent.

Specific optical rotation (2.2.7)
-33 to -37 (dried substance).

Dissolve 0.250 g in warer R and dilute to 25.0 mL with the
samesolvent. Determine the specific optical rotation within
10 min of preparing the solution.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in waterfor chromacography R and dilute to

100.0 mL withthe samesolvent.
Reference solution (aj In order to produce impurity A in situ,
mix 5.0 mL of the test solution and 5.0 mL of a 42 gIL
solution of sodium hydroxide Rand aUow to stand for 90 min.
Neutralise with 5.0 mL of a 103 gIL solution of hydro<hloric
acidR and mix well.

Time MobUe phase A MobUe phase B
(min) (per cent VIJI) (per cent VIY)

0-15 100 0

15 - 25 100 --> 0 0-->100

25 - 35 0 100

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 220 om.
Injection 5 J.lL of the test solution and reference
solutions (a) and (b).

Relative retention Withreference to ribavirin (retention
time = about 6 min): impurity A = about 0.8.
Systemsuitability Reference solution (a):
- resolution: minimum4.0 between thepeaks due to

impurity A and ribavirin.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 2.3;
- impun'ly A: not more than twice the area of the principal

peakin the chromatogram obtained withreference
solution (b) (0.2 per cent);

- unspecified impurides: foreachimpurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than3 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.3 per cent);

- disregard limi,: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 5 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solutionandreference solution (c).
Calculate the percentage content of CaH12N"Oj: from the
declared contentof ribaviM'n CRS.

STORAGE
Protected from light.
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IMPURITIES
Specified impurities A.

Otherdetectable impun"ties (thefollowing substances uould, if
present at a sufficient levd, be detected by olle or other of the tests
in the monograph. Theyare limited by thegeneral aaeptante
ctitenon for oshertunspecified impumies and/or by thegeneral
monograph SubslOnce.s for pharmaceutical use (2034). It is
therefore not neassary 10 identify these impumies for
demonstration of compliance. Se2 also 5.10. Control of impurities
in substances forpharmaceutical use) B, C, D, F, G.

Ho,C
)-N

H0l--.-0~ )\;/
OH OH

Riboflavin
(ph. Bur. monograph 0292)

Action and use
Vitamin B2 •

376.4

Riboflavin II-8IS

••*
* *• •* •*••

83-88-5

A. I-tJ-n-ribofuranosyl-IH-I,2,4-triazote-3-carboxylic acid,

B. l-a.-n-ribofuranosyl-lH-l,2,4-triazole-3-carboxamide
(anomer),

C. IH-l,2,4-triazole-3-carboxylic acid,

D.IH-l,2,4-triazole-3-carboxamide,

F. 1-(5-0-acetyl-j}-n-ribofuranosyl)-lH-l,2,4-triazole-3­
carboxamide (5'-D-acetylribavirin),

#'L gO

H°l--.-°':Y \'H NH,

QH OH

G. I-j}-n-ribofuranosyl-1H-l,2,4-triazole-5-carboxamide (N­
isomer).

__________~ ~PbE'"

PbE'" _

DEFINITION
7,8-Dimethyl-l 0- [(2S,3S,4R)-2,3,4,5­
terrahydroxypentyljbenzofg] pteridine-2,4(3H,10H)-dione.

This monograph applies to riboflavin produced by
fermentation.

Content
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
YeUow or orange-yellow, crystalline powder.

Solubility
Veryslightly soluble in water, practically insoluble in ethanol
(96 per cent).

Solutions deteriorate on exposure to light, especially in the
presenceof alkali.
It shows polymorphism (5.9).

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Thin-layer chromatography (2.2.27).

Testsolution Suspend 25 mg of the substance to be
examined in 10 mL of waterR) shakefor 5 min and filter the
suspension to remove the undissolved material.

Reference solution Suspend 25 mg of riboflavin CRS in
10 mL of water R, shakefor 5 min and filter me suspension
to remove the undissolved material.

Plate TLC silica gelplate R (2-10 urn).

Mobile phase waterR.
ApplicalWn As follows,drying in a current of cold air after
each individual application:

- 1" application: 2 ~L of methylene chloride R then 2 ~L

of the test solution;
- 2"" applieation: 2 ~L of methylene chloride R then 2 ul,

of the reference solution.
Deuelopmem Overa path of 6 em.
Drying In a current of cold air.
Detection Examine in ultraviolet light at 365 nm.
Results The principal spot in me chromatogram obtained
with the test solutionis similar in positionand size to the
principal spot in the chromatogram obtained with the
reference solution.
C. Dissolve about 1 mg in 100 mL of warerR. The solution
has, by transmitted light, a pale greenish-yellow colour, and,
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11-816 Riboflavin

by reflectedlight, an intense yellowish-green fluorescence
which disappears on the addition of mineral acids or alkalis.

TESTS
Specific optical rotation (2.2.7)
-115 to -135 (dried substance).

Dissolve 50.0 mg in 0.05 M sodium hydroxide free from
carbonate and dilute to 10.0 mL with the same alkaline
solution. Measure the optical rotation within 30 min of
dissolution.

Absorbance (2.2.25)
Test solution Dilute the final solutionprepared for the assay
with an equal volume of waterR.
Absorption maxima At 223 run, 267 nm, 373 om and
444 nm.

Absorbance ratios:
- Am/A"7 = 0.31 to 0.33;
- A••JA261 = 0.36 '0 0.39.

Related substances
liquid chromatography (2.2.29). Prepare the solutions
immediauiy before use and protect from Iigh<
Solution A 13.6 gIL solutionof sodium acetate R.
Test so/mum With the aid of ultrasound, dissolve 0.120 g of
the substance to be examined in 10 mL of 0.1 M sodium
hydroride and dilute to 100 mL with solution A.

Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with solution A. Dilute 1.0 mL of this solution to
100.0 mL with solution A.

Reference solution (b) With the aid of ultrasound, dissolve
the contents of a vial of n"flavin for peak identification CRS
(containing impurities C and D) in 1.0 mL ofa mixture of
I volume of mobile phase B and 9 volumes of mobile
phase A.

Reference solution (c) In order to prepare in situ impurities A
and B, dissolve 10 mg of the substance to be examined in
1 mL of 0.5 M sodium hydroxide. Expose to daylight for
1.5 h. Add 0.5 mL of acetic acidR and dilute '0 100 mL
with water R.
Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stalionary phase: end-eapped octadeqfsiryl silica gelfor

chromatography R (5 urn).

Mobile phase:
- mobile phase A: phosphoric acidR, water R (1:1000 V/Jl);
- mobile phase B: acetonitrile R;

Time Mobile phase A Mobile phase B
(mln) (per cent VIJ') (per cent V/J?
0-5 90 10

5 - 20 90 --> 80 10 --> 20

20·25 80 20

25·35 80 --> 50 20 --> 50

35·45 50 50

Flow rate 1.0 mllrnin.
Detection Spectrophotometer at 267 nm.

Injection 10 JiL.
Identification of impurities Use the chromatogram supplied
with riboflavin forpeak identification CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities C and D.
Relative retention With reference to riboflavin (retention
time = about 16 min): impurity C = about 0.2;

2022

impurity D = about 0.5; impurity A =about 1.4;
impurity B = about 1.9.

System suitability:
- resolution: minimum 5 between the peaks due to

impurities A and B in the chromatogram obtained with
reference solution (c);

- the chromatogram obtained with reference solution (b) is
similar to the chromatogram supplied with n°boflavin for
peak identification CRS.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 0.7;
impurity B = 1.4; impurity C = 2.3; impurity D = 1.4;

- impurity A: not more than 0.25 times the area of the
principal peak in the chromatogram obtainedwith
referencesolution (a) (0.025 per cent);

- impurities B.. C.. D: for each impurity, not more than twice
the area of the principal peak in the chromatogram
obtained wilh reference solution (a) (002 per cent);

- unspecified impurities: for each impurity, not more than the
areaof the principal peak in the chromatogram obtained
with referencesolution (a) (0.10 per cent);

- total: not more than 5 times the areaof the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limitfor peaks other than those due to impurity A:
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on the residueobtained
in the test for loss on drying.

ASSAY
Cany out the assayprotected from light.
In a brown-glass 500 mL volumetric flask, suspend 65.0 mg
in 5 mL of water R ensuring that it is completelywetted and
dissolve in 5 mL of dilute sodium hydroxide solution R. As soon
as dissolution is complete, add 100 mL of walei' Rand
2.5 mL of glacial acetic acidR and dilute '0 500.0 mL with
water R. Place 20.0 mL of this solution in a 200 mL brown­
glass volumetric flask, add 3.5 mL of a 14 gIL solution of
sodium acetate R and dilute to 20000 mL with waterR.
Measure the absorbance (202.25) at the absorption maximum
a' 444 nm.
Calculate the content of C17H2ON,,06taking the specific
absorbance to be 328.

STORAGE
In an airtight container, protected from light.

L'tIPURITIES
Specified impurities A, B, C, D.

A. 7,S,10-trimethylbenzofg]p'eridine-2,4(3H,10H)-dione
(Iwnillavine) ,
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B. 7,8-dimethylbenzo(g]pteridine-2,4(IH,3H)-dione,

I'>E<I _

CHARACTERS
Appearance
Yellow or orange-yellow, crystalline, hygroscopic powder.

Solubility
Soluble in water, very slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 50.0 mg in phosphate buffer soluu"on
pH 7.0 R and dilute to 100.0 mL with the same buffer
solution. Dilute 2.0 mL of this solution to 100.0 mL with
phosphare blf!fer solution pH 7.0 R.
Spectral range 230-350 nm.

Absorption maximum At 266 nm.

Specific absorbance at the absorption maximum 580 to 640.

B. Examine the chromatograms obtained in the test for
relatedsubstances.
Results The principal peakin the chromatogram obtained
with the test solutionis similar in position and approximate
size to the principal peak in the chromatogram obtained with
reference solution (b).

C. Dissolve about 10 mg in dilute sodium hydroxide solution R
and dilute to 100 mL with the samesolution. Expose 1 mL
of this solution to ultraviolet lightat 254 om for 5 min, add
sufficient lUeU·C add R to makethe solution acidic to blue
litmus paper R and shake with 2 mL of methyk". chloride R.
The lowerlayer showsyellow fluorescence.
D. To 0.5 g add 10 mL of nitric acidR and evaporate the
mixture to dryness on a water-hath. Ignite the residue until it
becomeswhite, dissolve the residue in 5 mL of water R and
filter. The filtrate givesreaction (a) of sodiumand
reaction (h) of phosphates (2.3.1).

TESTS
pH (2.2.3)
5.0 to 6.5.

Dissolve 0.5 g in carbon dioxide-free water R and dilute (0

50 mL with the same solvent.

Specific optical rotation (2.2.7)
+ 38.0 to + 43.0 (dried substance).

Dissolve 0.300 g in 18.2 mL of hydrochloric acid Rl and
dilute to 25.0 mL with waterR.

hnpurityE
To about 35 mg add 10 mL of methylenechloride R, shake for
5 minand filter. The filtrate is not moreintensely coloured
than reference solution BY. (2.2.2, Method II).

Related substances
Liquid chromatography (2.2.29). Carry ou' the test protected
from acunic light
Test solution Dissolve 0.100 g of thesubstance to be
examined in 50 mL of waterR and dilute to 100.0 mL with
the mobile phase. Dilute 8.0 mL of this solution to 50.0 mL
with the mobile phase.
Reference solution (a) Dissolve 60 mg of riboflavin CRS
(impurity D) in I mL of hydrochloric acid R and dilute to
250.0 mL with water R. Dilute 4.0 mL of this solution to
100.0 mL with the mobile phase.

Reference sdution (b) Dissolve 0.100 g of riboflavin sodium
phosphare CRS in 50 mL of waterR and dilute to 100.0 mL
with the mobilephase. Dilute 8.0 mLof this solution to
50.0 mL with the mobile phase.

•••
• *• •• •*••

13040-5478.3

(Ph. Bur. monograph 0786)

Riboflavin Sodium Phosphate

Action and use
Vitamin B2.

Preparation
Vitamins Band C Injection

D. 8-(hyclroxymethyl)-7-methyl-IO-[(2S,3S,4R)-2,3,4,5­
tetrahydroxypentyl]~nzo(glpteridine-2,4(3H,10H)-dione.

____________________ I'>E<I

X:
Ho.. H OH

HO"

• OH
'H

n N N 0

HO ,y- I X;Y
"""'" .& NHH3C N

o

C.6,7-dimethyl-8-[(2S,3S,4R)-2,3,4,5­
tetrahydroxypentyl]pteridine-2,4(3H,8H)-dione,

DEFINITION
Mixture containing riboflavin 5'-(sodium hydrogen
phosphate) as the main component and otherriboflavin
sodium monophosphates.

Content
73.0 per cent to 79.0 per cent of riboflavin (C17H2oN406;
M, 376.4) (dried substance).

It contains a variable quantity of water.
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11-818 Riboflavin Sodium Phosphate

Column:
- size: 1= 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: oetad"0'lsUyl SIlica gelfor ehromarography R

(5 um).

Mobl7e phase methanol R, 7.35 gIL solution of potassium
dihydtogen phosphate R (150:850 VIII).

Flow rare 2 mUmin.
Deuaion Spectrophotometer at 266 run.
Inj«rion 100 ~L.

Run time Until the peakdue to riboflavin can be clearly
evaluated.
Relau've retention With reference to riboflavin
5'-monophosphate (retention time = about 20 min):
impurity A = about 0.2; impurity B = about 0.3;
impurity C = about 0.5; riboflavin
3'-monophosphate = about 0.7; nboftavin
4'-monophosphate = about 0.9; impurity D = about 2.

Systemsuitabr7ity Reference solution (b):
- resolution: minimum J.5 between the peaks due to

riboflavin 4/-monophosphare and riboflavin
5'-monophosphate.

Calculate the percentage content of free riboflavin
(impurity D) and of riboflavin in the fonn of the
diphosphates of riboflavin (impurities A)B) C) from the areas
of the peaks in the chromatogram obtained with the test
solution and the amount of free nboflavin in reference
solution (a).

Limits:
- impun·'Y D: maximum 6.0 per cent (driedsubstance);
- sum of impurities A) Band C: maximwn 6.0 per cent

(dried substance).

The thresholds indicated under Related substances
(fable 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do nor apply.

Inorganic phosphate
Maximum 1.5 per cent.
Dissolve 0.10 g in waterR and dilute to 100 mL with the
same solvent.To 5 mL of this solution) add 10 mL of
waterR, 5 mL of buffered copper sulfare solurion pH 4.0 R,
2 mL of a 30 gIL solution of ammonium molybdare R, 1 mL
of a freshly prepared solution containing 20 gILof
4-merhylaminophenol sulfare Rand 50 gIL of sodium
metabisulfite R) and 1 mL of a 3 per cent VIVsolution of
perchWric acid R. Dilute to 25.0 mL withwaterRand
measure) within 15 min of its preparation) the absorbance
(2.2.25) of the solution at 800 nm, using as the
compensation liquid a solutionprepared in the same manner
but without the substance to be examined. The absorbance is
not greater than that of a solution prepared as follows: to
15 mL of phosphate srandard sohuion (5 ppm PO,) R, add
5 mL of buffered copper sulfare sdsuionpH 4.0 R, 2 mL of a
30 gIL solution of ammoniummolybdare R, 1 mL of a freshly
prepared solution containing 20 gIL of 4-merhylaminophenol
sulfare Rand 50 gIL of sodium merabisu!/ire R, and 1 mL of a
3 per cent VIV solution of perch/orie acidR; dilute 10 25.0 mL
with water R.

Loss on drying (2.2.32)
Maximum 8.0 per cent, determined on 1.000 g by drying in
an oven at 105°C at a pressure not exceeding 0.7 kPa
for 5 h.

ASSAY
Carry our the assayprotected from light.

2022

Dissolve 0.100 g in 150 mL of water R, add 2 mL of glacial
acetic acid R and dilute to 1000.0 mL with waterR.
To 10.0 mL of this solution add 3.5 mL of a 14 gIL solution
of sodium acetate R and dilute to 50.0 mL with water R.
Measure the absorbance (2.2.25) at the absorption maximum
al444 nm.

Calculate the content of C17H20N406 taking the specific
absorbance to be 328.

STORAGE
In an airtight container) protected from light.

IMPURITIES
Specified impurities A) B) G) D) E.

o OH
"::'P'-OH

OH '
HO" / 0 H

O~P'o~.... \ OH

"' OH
H

H3CY'{NX;NyO
~A NH

H3C N

o

A. riboflavin 3',4'-diphosphate)

B. riboflavin 3',S'-diphosphate,

c. riboflavin 4',S/-diphosphate,

D. riboflavin)
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Pl>E" ~_

____~ PI>E"

TESTS
Impurity A
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.100 g of the substance to be
examined in a mixture of equal volumes of methanol Rand
methylene chloride R and dilute to 10 mL with the same
mixtureof solvents.
Reference solution Dissolve 10 mg of n'jabutin
impurity A CRS in a mixture of equalvolumes of methanol R
and methylene chloride R and dilute to IO mL with the same
mixture of solvents. Dilute 3 mL oflhe solution to 100 mL
with a mixture of equal volumes of methanol R and methylene
chloride R.

Place TLC silica gelF254 place R.
Mobile phase acetone R. light petroleum R (23:77 VW).

Application IO ~L.

Development Over 2/3 of the plate.

Drying In air.
Detection Expose the plate to iodinevapour for about
5 min, then spray withpotassium iodide and starch solution R
and allow to standfor 5 min.

Limit:
- impun"ty A: any spot corresponding to impurity A is not

more intense than the spot in the chromatogram obtained
with me reference solution (0.3 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to he
examined in the mobilephase and dilute to 50.0 mL with
me mobile phase.
Reference sdution (a) Dissolve 50.0 mg of rifabulin CRS in
the mobile phase and dilute to 50.0 mL with the mobile
phase.
Reference ,oIution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Reference solUlion (c) Dissolve about 10 mg of rifabutin CRS
in 2 mL of methanol R, add I mL of diluce sodium hydroxide
solutien R andallow to stand for about 4 min. Add 1 mL of
dilute hydrochlotic acidR and dilute to 50 mL with the mobile
phase.
Column:
- size: 1= 0.110 m, 0 = 4.6 mm,
- stationary phase: octylsilyl ,ilicagelfor chromatography R

(5 um),

klobile phase Mix equal volumes of acetonitrile R and a
13.6 gIL solution of potassium dihydrogen phosphate R adjusted
to pH 6.5 with drlute sodium hydroxide solution R.
Flow race I mUntin.
Detection Spectrophotometer at 254 nm.
Injection 20 IJL.
Run time 2.5 times the retention time of rifabutin.
Relau·ve retention Withreference to rifabutin (retention
time =about 9 min): impurity E = about O.5j
impurity B = about 0.6; impurity D = about 0.9j
impurity C = about 1.3.

Systemsuitability Reference solution (c):
- resolution: minimum2.0 betweenthe second peakof the

3 peaks due to degradation products and the peakdue to

rifabutin.
Limits:
- any impurity: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)

**** ** ** ****

72559-06-9

o

847

H,C

h
H,C ON 0

HN I

Rifabutin
(Ph. Eur. monograph 1657)

Action and use
Rifamycin antimycobacterial drug.

DEFINITION
(9S,12E,14S,15R, 16S,17R,18R,19R,20S,21S,22E,24Z)­
6,18,20-Trihydroxy-l4-methoxy-7,9,15,17,19,21,25­
heplamethyl-I '-(2-methylpropyl)-5, I 0,26-trioxo-3,5,9,I 0­
tetrahydrospiro[9,4- (epoxypemadeca[I,11,13Jtrienimino)-2H­
furo[2',3':7,8Inaphtho[1,2-djimidazole-2,4'-piperidine)-16-yl
acetate.

Semi-synthetic productderived from a fermentation product.

Content
96.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Reddish-violet amorphous powder.

Solubility
Slightly soluble in water, soluble in methanol, slightly soluble
in alcohol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison nfabutin CRS.
B. Examine the chromatograms obtained in the test for
related substances.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size_to
the principal peak in the chromatogram obtained with
reference solution (a).

E. 7,8,10-bimethylbenzofg)pteridine-2,4(3H,10H)-dione
(Iumillavin).
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D. 3-amino-4-imidorifamycin 5,

OH

~~-O

lH,N

~co"
H····

H,C

h
H,C ON O~~_O

HN I

E. 16-deacetylrifabutin.

(1.0 per cent); not more than 1 such peak has an area
greater than half the area of the principal peak in the
chromatogram obtained withreferencesolution (b)
(0.5 per cent),

- total: not more then 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(3.0 per cent),

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 2.5 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.3 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (a).

Calculate the percentage content of ribabutin.

IMPURITIES

A. 1-(2-methylpropyl)piperidin-4-one,
_____________________ PhE«

13292-46-1

~--t"-O

l
o

823

Action and use
Rifamycin antiruberculosis drug.

Preparations
Rifampicin Capsules
Rifampicin Oral Suspension

(ph. Eur. monograph 0052)

PhE« ~ ~ _

Rifampicin

DEFINITION
(2S,12Z,14E, 16S, 17S, 18R, 19R,20R,2IS,22R,23S,24E)­
5,6,9,17, 19-Pentahydroxy-23-methoxy-2,4,12,16,18,20,22­
heptamethyl-8-[[(4-methylpiperazin-l-yl) intino]methyl]-I ,11­
dioxo-I ,2-<lihydro-2,7-(epoxypentadeca[I ,11,13] trienintino)
naphto[2,I-b)furan-21-yl acetate.

Semi-synthetic antibiotic obtained from rifamycin SV.

Content
97.0 per cent to 102.0 per cent (dried substance).

~~-O

H,C

o

H
CH,

H,C

h
H,C ON O~-\-_O

HN I

B. 3-aminorifamycin S,

c. 21,31-didehydrorifabutin,
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STORAGE
Under nitrogen in an airtight container, protected from light,
at a temperature not exceeding 25 °C.

IMPURITIES
Specified impurities A.
Ocher dew:table impurities (the following substances would, if
present at a sufficient level, be deieaedby one or otherof the tests
in the monograph. They are limitedby thegeneral acceptance
cruetion for otherlwtspecified impurities and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore norneussary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for phannaceutical use) B.

System suitability Reference solution:
- resolution: minimum 4.0 between the peaks due to

rifampicin and impurity A; if necessary, adjust the
concentration of acetonitrile in the mobile phase.

Limits:
- impurityA: not more than 1.5 times the area of the

corresponding peak in the chromatogram obtained with
the reference solution (1.5 per cent);

- any otherimpun·ty: for each impurity, not more than the
area of the peak due to rifampicin in the chromatogram
obtained with the reference solution (1.0 per cent);

- sum of impurities otherthan A: not more than 3.5 times the
area of the peak due to rifampicin in the chromatogram
obtained with the reference solution (3.5 per cent);

- disregard limit: 0.05 times the area of the peak due to
rifampicin in the chromatogram obtained with the
reference solution (0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying at
80 °C at a pressure not exceeding 0.67 kPa for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 2.0 g.

ASSAY
Dissolve 0.100 g in mechanol R and dilute to 100.0 mL with
the same solvent. Dilute 2.0 mL of this solution to 100.0 mL
with phosphare buffersolution pH 7.4 R. Measure the
absorbance (2.2.25) at the absorption maximum at 475 run,
using phosphate buffersolution pH 7.4 R as the compensation
liquid.

Calculate the content of GnH5sN4012, taking the specific
absorbance to be 187.

A. rifampicin quinone,

CHARACTERS
Appearance
Reddish-brown or brownish-red, crystalline powder.

Solubility
Slightly soluble in water, soluble in methanol, slightly soluble
in acetone and in ethanol (96 per cent).

IDENTIFICATION
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50 mg in 50 mL of methanolR. Dilute
1 mL of this solution to 50 mL with phosphate buffer solution
pH 7.4 R.

Spearoi range 220-500 nm.

Absorption maxima At 237 om, 254 run, 334 om and
415 nm.

Absorbance ratio A33JA475 =about 1.75.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Mulls in liquidparaffi" R.

Compo,;,o" rifampici" CRS.
C. Suspend about 25 mg in 25 mL of water R, shake for
5 min and filter. To 5 mL of the filtrate add I mL of a
100 gIL solution of ammonium persulfare R in phosphare buffer
solution pH 7.4 R and shake for a few minutes. The colour
changes from orange-yellow to violet-red and no precipitate is
formed.

TESTS
pH (2.2.3)
4.5 to 6.5 for a 10 gIL suspension in carbon dioxide-free
waterR. .

Related substances
Liquid chromatography (2.2.29). Prepare the test sdution and
the reference solution immediately before use.

Solvent mixture To 10 volumes of a 210.1 gIL solution of
C1in"c acidmonohydrare R add 23 volumes of a 136.1 gIL
solution of potassium dihydrogen phosphate R, 77 volumes of a
114.2 gIL solution of dipotassium hydrogm phosphare R,
250 volumes of acetonitrile Rand 640 volumes of waterR.

Test solution Dissolve 20.0 mg of the substance to be
examined in aceron.itri/e R and dilute lO 10.0 mL with the
same solvent. Dilute 5.0 mL of this solution to 50.0 mL with
the solvent mixure.

Reference solution Dissolve 20.0 mg of rifampicin
quinone CRS (impurity A) in acetonitrile R and dilute to
100.0 mL with me same solvent. To 1.0 mL of this solution
add 1.0 mL of the test solution and dilute to 100.0 mL with
the solvent mixture.

Column:
- size: 1= 0.12 m, 0 = 4.6 nun;
- stationary phase: ocrylsilyl SIlica gelfor chromawgraphy R

(5 pm).

Mobile phase Mix 35 volumes of a",wttirriJe R and
65 volumes of a solution containing 0.1 per cent VIVof
phosphoric acid R, 1.9 gIL of sodium perchlorare R, 5.9 gIL of
citric acidmonohydrare Rand 20.9 gIL of potassium dihydrogen
phosphate R.

FhJw rate 1.5 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 20 ~L.

Run time Twice the retention time of rifampicin.
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(ph. Eur. monograph 0432)

_____________~ PhE,;

Time Mobile phase A MobIle phase B
(min) (per cent V/I1 (per cent VIJI)

0-40 80 ..... 20 20 ..... 80

40 - 45 20 80

45 ~ 47 20 ..... 80 80 ..... 20

TESTS
pH (2.2.3)
6.5 to 8.0.
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Absorbance (2.2.25)
Dissolve 20.0 mg in 5 mL of methanol R and dilute to
100.0 mL with freshly prepared phosphate buffer solution
pH 7.0 Rl to which I gIL of ascorbic acidR has been added
immediately before use. Dilute 5.0 mL of this solution to
50.0 mL with the samephosphate buffer solution containing
ascorbic acid. Allow to stand for 30 min. The solutionshows
an absorption maximum at 445 run. The specific absorbance
at this absorption maximum is 190 to 210 (anhydrous
substance).

Related substances
Liquid chromatography (2.2.29). Prepare thesolutions
immediately before use.
Solvent mixture Mix 50 volumes of acetonitrile Rand
50 volumes of a 3.9 gIL solution of sodium dihydrogen
phosphate R previously adjusted to pH 3.0 with phosphoric
acidR.
Test solution Dissolve 50.0 mg of the substance to be
examined in the solventmixture and dilute to 50.0 mL with
the solvent mixture.
Reference solurion (a) Dissolve 10.0 mg of rifamycin B CRS
(impurity A) and 40.0 mg of nfamycin S CRS (impurity B) in
the solventmixture and dilute to 200.0 mL with the solvent
mixture. Dilute 5.0 mL of this solution to 50.0 mL with the
solvent mixture.
Reference solurion (b) Dissolve 25 mg of the substance to be
examined and 8 mg of nfamycin S CRS in the solvent
mixture and dilute to 250.0 mLwith the solvent mixture.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm,
- stationary phase: end-copped octadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase:
- mobile phase A: mix 10 volumes of acetonitrile Rand

90 volumes of a 3.9 gIL solution of sodium dihydrogen
phosphate R adjusted to pH 7.5 with dilute sodium
hydroxide. solution Rj

- mobile phase B: mix 30 volumes of a 3.9 gIL solution of
sodium dihydrogen phosphate R adjusted to pH 7.5 with
diJuu sodium hydroxide solution Rand 70 volumes of
acetonitrile R;

- temperature: minimum 20°C;

E. Suspend 70 mg of the substance to be examined in
0.5 mL of waterR. Add 1.5 mL of methoxyphenylauri<
reagent R (0 obtain a clear redsolution. Cool in ice-water for
30 min. A precipitate is formed. Place in water at 20 °C and
stir for 5 min. The precipitate does not disappear. Add 1 mL
of dilute ammonia RI. The precipitate dissolves completely.
Add 1 mL of ammonium carbonate solution R. No precipitate
is formed.

Flow rate 1 mUmin.
Deuaion Spectrophotometer at 254 run.

14897-39-3

OH

720

Action and use
Rifamycin. antituberculosis drug.

DEFINITION
Sodium
(2S,12Z,14E,16S,17S,18R,19R,20R,2IS,22R,23S,24E)-21­
(acetyloxy)-6,9,17,19-tetrahydroxy-23-methoxy-
2,4,12,16, 18,20,22-heptamethyl-I,II-dioxo-l,2-dihydro-2,7­
(epoxypentadeca[I,II,13]trienazano)naphtho [2,I-bJfuran-5­
elate.

Monosodium salt of rifamycin SV, obtained by chemical
transformation of rifamycin B, which is produced during the
growth of certain strains of Amycolatepsis mediummei.
Rifamycin SV mayalso he obtained directly from certain
A. meduerranei mutants.

Potency
Minimum 900 IU/mg (anhydrous substance).

PRODUCTION
It is produced by methods of manufacture designed to
minimise or eliminate substances lowering bloodpressure.

CHARACTERS
Appearance
Fine or slightly granular, red powder.

Solubility
Soluble in water, freely soluble in anhydrous ethanol.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.2<f).

Preparation Discs of potassium bromide R.
Comparison rifamycin sodium GRS.

o

Rifamycin Sodium

B. rifampicin N-oxide.

PhE,; _
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80621-81-4786

Cf<, H
CH3 i OCH and spimer at C'
H a

o
j o--{
H CH3

····OH
H
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H,C

C. [(2RS,2'8,12/Z,14'E,16'8,17'S, 18'R,19'R,20'R,21 /8,
22'R,23'8,24'E)-5 ' ,17',19'-trihydroxy-23 /-methoxy­
2',4',12',16/,18',20' ,22 ' -heptamethyl- l ',4,6',11 ,_
tetraoxo-I ',2'-dihydrospiro[1 ,3-dioxolane-2,9'(6'H)-[2,7)
(epoxypentadeca[I,II,13]trienazano)naphtho[2.I-b]
furan]-21 '-yl acetate (rifamycin 0).

B. [(2S, 12Z,14E, 16S,17S,18R, 19R,20R,2IS,22R,23S,24E)­
5,17,19-trihydroxy-23-methoxy-2,4,12,16,18,20,22­
heptamethyl-I ,6,9, l l-tetraoxo-l ,2-dihydro-2,7­
(epoxypentadecafl, II,13]trienazano)naphtho[2,I-b]furan­
21-yl acetate (rifamycin S),

___________________ 1"""

Rifaximin
(ph. Eur. monograph 2362)

STORAGE
In an airtight container; protected from light at a temperature
of 2 °C to 8°C. If the substance is sterile, store in a sterile,
airtight, tamper-evident container.

IMPURITIES
Specified impurities A. B.
Om", detectable impurities (me following substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They arelimitedby the general acceptance
cruerion for other/unspecified impurities and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary UJ identify these impurities for
demonstration of complt"ance. See also 5.10. Control of impurities
in substances lor pharmaceutical use) C.

H,C

Injection 20 ul.,
Elutionorder Impurity A, rifamycin SV, impurity B.
Systemsuitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

rifamycin SV and impurity B.

Limits:
- impurity B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (2 per cent);

- impurilyA: not more than the area.of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.5 per cent);

- sumof impurities other than A and B: not more than the
area of the peak due to impurity B in the chromatogram
obtained with reference solution (a) (2 per cent);

- disregard limit: 0.05 times the area of the peak due to
impurity B in the chromatogram obtained with reference
solution (a) (0.1 per cent).

Water (2.5.12)
12.0 per cent to 17.0 per cent, determined on 0.200 g.

Bacterial endotoxin. (2.6.14)
Less than 0.50 JU/mg) if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for removal of bacterial endotoxins.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).
Use rifamycin sodium CRS as the chemical reference
substance.

A. [(2S,12Z, 14E,16S,17S,18R, 19R,20R,2IS,22R,23S,24E)­
21-(acetyloxy)-5,6,17,19-tetrahydroxy-23-methoxy­
2,4,12,16,18,20,22-heplamethyl-1 ,11-dioxo-l,2-dihydro­
2,7-(epoxypentadeca[l, II,13]trienazano)naphtho[2, I-b]
furan-9-yl]acetic acid (rifamycin B),

Action and use
Antibacterial; treatment of infective diarrhoea.

Preparation
Rifaximin Tablets

PhEII _

DEFINITION
(2S, 16Z, 18E,20S,21S,22R,23R,24R,25S,26R,27S,28E)
5,6,2 J,23-Tetrahydroxy-27-methoxy-2,4,11, 16,20,22,24,26­
octamethyl-l ,15-dioxo-l,2-dihydro-2,7-(epoxypentadeca
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[1,11,13] trienoimino) [1]benzofuro[4,5-e]pyrido[1,2-a]
benzimidazol-25-yl acetate.

Semi-synthetic product derived from a fermentation product

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Red-orange, hygroscopic, crystalline powder.

Solub1l1ty
Practically insoluble in water, soluble in acetone and in
methanol.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison rifax;min CRS.

If the spectra obtained in the solid state show differences)
dissolve the substance to be examined and the reference
substance separately in ethanol R, evaporate to dryness and
recordnew spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

So/ventmixture acetonitrile R, w(J{er R (40:60 VIp).
Testsolution (a) Dissolve 0.100 g of the substance to be
examined in 8 mL of acetonitn1e R and dilute to 20 mL with
water R.
Test solution (b) Dissolve 40.0 mg of me substance to be
examinedin the solvent mixtureand dilute to 100.0 mL with
the solvent mixture. Dilute 5.0 mL of the solution to
50.0 mL with the solvent mixture.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
50.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference solution (b) Dissolve 5 mg of rifaximinfor sysrem
suirability CRS (containing impurity H) in 4 mL of the
solvent mixture.
Reference sdution (c) Dissolve 40.0 mg of rifaximinCRS in
me solvent mixture and dilute to 100.0 mL with the solvent
mixture. Dilute 5.0 mL of the solution to 50.0 mL with the
solvent mixture.
Column:
- size: I =0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped ocrade<ylsilyl silica gelfor

chromarography R (5 urn);
- temperature: 40 "C.
Mobile phase Mix 37 volumes of a 3.16 f!!L solution of
ammonium formate R adjusted to pH 7.2 with d,lute
ammonia R1 and 63 volumes of a mixture of equal volumes
of acetonitrile R and methanol R.
Floro rat< 1.4 mUmin.

Detection Spectrophotometer at 276 om.
In.iution 20 ilL of test solution (a) and reference
solutions (a) and (b).

Run time 3 times the retention time of rifaximin.
Relauve retention With reference to rifaximin (retention
time = about 12 min): impurities D and H = about 0.7.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaksdue to

impurities D + Hand rifaxintin.

2022

Limits:
- sum of impwims D and H: not more than2.5 times the

area of the principal peakin the chromatogram obtained
with reference solution (a) (0.5 per cent);

- unspecified impurities: for each impurity, not more than
05 times me area of the principal peak in the
chromatogram obtained withreference solution (a)
(0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(1.0 per cent);

- disregard limir. 0.25 timesthe area of the principal peakin
the_chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 4.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1"0g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with Ihe following modification.
Injection Test solution (b) and reference solution(e).

Calculate the percentage content of C43H51N3011 using the
chromatogram obtainedwith reference solution (c) and the
declared content of rifaximin CRS.

STORAGE
In an airtight container, protected fromlight.

IMPURITffiS
Specified impurities D, H.

Otherdetectable impurities (the following subsrances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimitedby tire general acceptance
ctitetion for other/unspecified impm"ties and/or by the general
monograph Substances for pharmaceutical use (2034). It is
there/ore not necessary to identify these impun"ties for
demonstration oj compliance" See also5.10. Control of impurities
in substanca forpharmaceutical use) A, B, C, E, F, G.

A. 4-methylpyridin-2-amine,

o
'---'--0

B. rifamycin B,
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2022 Rilmenidine Dihydrogen Phosphate II-825

o

CHJ H
-' OCH3

o
: 0---<
H CH3

_______~ PIIE<r

H. (2S,16Z,18B,20S,2IS,22R,23R,24R,25S,26R,27S,28E)­
5,6,21,23-tetrahydroxy-16-(hydroxymethyl)-27-methoxy­
2,4,ll,20,22,24,26-heptamethyl-l,15-dioxo-l,2­
dihydro2,7-(epoxypentadeca[l,II,13]trienoimino)[1]
benzofuro[4,5-e]pyrido[I,2-a]benzimidazol-25-yl acetate
(16-desmethyl-16-(hydroxymethyl)rifaximin).

**** ** ** ****

85409-38-7278.2

Rilmenidine Dihydrogen
Phosphate
(Ph. Bur. monograph 2020)

C,oH,oN20,P

Action and use
Antihypertensive.

C. rifamycin SV,

D. rifaximin Y,

E. rifamycin S, PIIE<r ~ _

G. (2S,7Z,16Z,18B,20S,21 S,22R,23R,24R,25S,26R,27S,
28E)-5,21,23-trihydroxy-27-methoxy-
2,4,11, 16,20,22,24,26-oetamethyl-l ,6, 15-trioxo-l,2,6, 7­
tetrahydro-z,7-(epoxypentadeea[I,II,13]trienonitri10)[I]
benzofuro[4,5-e]pyrido[I,2-a]benzimidazol-25-yl acetate
(6-0,14-didehydrorifaximin),

DEFINITION
N-(Dicyc1opropylmethyl)-4,5-dihydro-oxazol-2-amine
dihydrogen phosphate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white powder.

Solubility
Freely soluble in water, slightly soluble in alcohol, practically
insoluble in methylene chloride.

IDENTIFICATION
A.lnfrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of rilmenidine
di!Ij.Jrogen phosphate.
B. Dissolve 10 mg in water R and dilute to 1 mL with the
samesolvent. The solution gives reaction (b) of phosphates
(2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 60.0 mg of the substance to be
examined in water R and dilute EO 20.0 mL with the same
solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with water R and dilute 10.0 mL of this solution
to 50.0 mL with the same solvent.

andeplmeral C*

H
~~OCH3

o
; 0---<
H CH3

i H ·OH

CH,

_+--0

HN
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II-826 Riociguat 2022

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 20.0 mL with water R.

Reference solution (c) Dissolve 15.0 mg of tilmenidine for
system suitability CRS in water R and dilute to 5.0 mL with
the same solvent.

Column:
- size: 1= 0.15 m, '" = 3 mm,
- stationary phase: base-deactivated octad<Xy!si/y1 silica gelfor

cbrommography R (5 urn) with a pore size of 10 run and a
carbon loading of 25 per cent,

- temperature: 40°C.

Mobile phase:
- mobile phaseA: dissolve 3 g of sodium heptanesulfonau R in

warer R and dilute to 860 mL with the same solvent; add
130 mL of me/hanoi R2, to mL of tetrahydrcfuran for
chromalOgraphy Rand 1.0 mL ofphosphori< acid R,

- mobile phaseB: dissolve 3 g of sodium heptanesulfonate R in
water R and dilute to 600 mL with the same solvent; add
350 mL of acelOnitriJe for chromalOgraphy R, 50 mL of
tarabydrofuronfor chromQlOgraphy Rand 1.0 mL of
phosphoric acid R,

Time MobUe phase A MobUephase B
(min) (per cent JI/J? (per cent VII")

0-14 100~ 0 0-> 100

14 - 15 0-->100 100 -> 0

15 ~ 30 100 0

I mL of 0.1 M perchioric acid is equivalent to 27.82 mg of
CIOH19N,OsP.

IMPURlTffiS
Specified impurities A, BJ C.

)
HNl
A. OH

~ 0

A. 1-(dicyclopropylmethyl)-3-(2-hydsoxyethyl)urea,

B. 1-(2-cWoroethyl)-3-(dicyciopropylmethyl)urea,

C. N,3-bis(dicyclopropylmethyl)oxazolidin-2-imine.
__________~ Ph6r

PhEII _

.**• ** •* •
***

625115-55-1422.4

(ph. Eur. monograph 3078)

Riociguat

Action and use
Guanylate cyclase stimulator; treatment of pulmonary
hypertension.

Preparation
Riociguat Tablets

DEFINITION
Methyl [4,6-diamino-2-[I-[(2-fluorophenyl)methyl]-IH­
pysazolo [3,4-b)pyridin-3-yl)pyrimidin-5-yl](methyl)
carbamate.

Content
98.0 per cent 10 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish powder.

Solubility
Practically insoluble in water, very slightly soluble in
anhydrous ethanol, practically insoluble in heptane.

Flow rale 1 mlJrnin.

Dueaion Spectrophotometer at 205 nrn.

Injection 20 ~L.

Relative retention With reference to rilmenidine (retention
time = about 13 min): impurity A = about0.6j
impurity B =about 0.9; impurity C =about 1.4.

With these conditions the inflexion of the baseline,
corresponding to the beginningof the gradient, appears on
the recorder after a minimum time l of 5 min. If this is not
the case (t < 5 min) modify the chromatographic sequence
by adding an lsocratlc elution with 100 per cent of mobile
phaseA for a time corresponding to (5-l) min before the
linear gradient.
System suitab17ity Reference solution (c):
- peak-ro-valley ratio: minimum 3, where Hp = heightabove

the baseline of the peak due to impurity B and
H; = height above the baselineof the lowestpoint of the
curve separating this peak from the peakdue [0

rilmenidine.
Limits:
- atry impun'ty: not more than 0.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent),

- toud: not more than the area of the principal peakin the
chromatogram obtainedwith reference solution (a)
(0.2 per cent),

- disregard limit: area of the principal peakin the
chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying-in
vacuo at 50°C for 2 h.

ASSAY
Dissolve 0.200 g in 50 mL of anhydrous ace'c acid R. Titrate
with 0.1 AI perchloiic acid, determining the end-point
potentiometrically (2.2. 2(J).
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2022 Riociguat 11-827

Detection Flame ionisation.

Identification of impurides Use the chromatogram obtained
with the reference solution to identify the peak due to
impurity E.

Retention lime Impurity E = about 7.I min.

System suitabr1ity Reference solution:
- signal-to-noise ratio: minimum 15 for the peak due to

impurity E.

Limu: J

- impwity E: not more than the area of the corresponding
peak in the chromatogram obtained with the reference
solution (2 ppm).

Water (2.5.32)
Maximum 0.2 per cent) determined on 0.250 g using the
evaporation technique at 150°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

Limits:
- impun·ty C: maximum 0.20 per cent;
- unspecified impurities: for each impurity) maximum

0.10 per cent;
- touil: maximum 0.3 per cent;
- reponing threshold: 0.05 per cent.

ImpurityE
Head-space gas chromatography (2.2.28).

Test solution Dissolve 50 mg of the substance to be
examined in J.O mL of dimethyl sulfoxide R in a head-space
vial.

Reference souuion Dilute 50 J1L of benzene R (impurity E) to
10.0 mL with dimemylsulfoxide R. Dilute 11.5 ~L of the
solution to 10.0 mL with dimethyl sulfoxide R. Transfer 20 ~L

of this solution into a head-space vial and add 1.0 mL of
dimethylsuifoxide R.
Column:
- material: fused silica;
- size: 1= 60 m, 0 = 0.32 mm;
- stationary phase: macrogo/ 20 000 R (film thickness

0.5 urn).
Carrier gas helium for chromatography R.

Flow rate 3.3 mUntin.

Split ratio 1:20.

Static head-space conditions thai may be used:
- equilibration temperature: 100 "C;
- equilibration lime: 30 min;
- transfer-line temperature: 120 °Cj
- pressutisation lime: 30 Sj

- injection volume: 1.0 mL;
- injection lime: I min.

Temperature:

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison riociguat CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.

TESTS
Protect the solutions from lighllhroughoUI the tests.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase A, acetonitrile R (20:80 VIV).
Test solution Dissolve 20.0 mg of the substance to be
examined in the solvent mixture using sonication and dilute
to 50.0 mL with the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 4 mg of rWciguat for system
su;tabilily CRS (containing impurities B and C) in the solvent
mixture using sonication and dilute co 10 mL with the
solvent mixture.

Reference sdution (e) Dissolve 20.0 mg of n"ociguat CRS in
the solvent mixture using sonication and dilute co 50.0 mL
with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octade<y/si1Y1 silica gelfor

chromatography R (5 J1IIl);
- temperature: 40°C.

Mobile phase:
- mobile phaseA: perchlolic acidR, waterfor chromatography R

(0.4:100 VIV);
- mobile phaseB: acetonitrile Rt,

Thn. Mobile phase A Mobile phase B
(min) (per cent JlflJ) (per cent VIII)

0-2 75 25

2 - 27 75 --> 65 25 --> 35

27 - 42 65 --> 32 35 --> 68

42·43 32 --> 10 68 --> 90

43 - 52 10 90

Flew rate 1.0 mUntin.

Detection Spectrophotometer at 210 om.

Autasampler Set at 15 °C.

Injution 5 J.lL of the test solution and reference
solutions (a) and (b).

Ideruifiauion of impurities Use the chromatogram supplied
with riociguat for system suitabIlity CRS and the chromatogram
obtained with reference solution (b) CO identify the peaks due
to impurities Band C.

Relativeretention With reference to riociguat (retention
time = about 22 min): impurity B = about 0.97;
impurity C = about 1.4.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity Band riociguat.

Calculation of percentage contents:
- for each impurity, use the concentration of riociguat in

reference solution (a).

CoIwnn

Injection port

Detector

Time
(min)

0- JO

10· 15

15·18.2

18.2 - 35

Temperature
("'C)

40 --> 60

60

60 -> 140

140

120

250
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Action and use
Bisphosphonare; treatment of osteoporosis, Paget's disease.

Preparation
Risedronare Sodium Tablets

II-828 Risedronate Sodium 2.5-Hydrate

ASSAY
Liquidchromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (c).
Calculate the percentage content of C2oH19FNS02 taking
into account the assigned content of riodguac CRS.

IMPURITIES
Specified impurities C, E.

Otherdete<table impurities (the following substances "'lmld, if
present at a sufficient level, be detected by ont or other of the tests
in the monograph. Theyarelimiud by the general acceptance
criterion forolherlurlSpecified impwities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impuniies for
demonstration of complianu. See also 5.10. Control of impun'ties
in substances forpharmaceutical use) A, B, D.

Risedronate Sodium 2.S-Hydrate
(ph. Bur. monograph 2572)

N 0 pH

~
'" 'P-OH

HQ OH
-<" 'P-ONa

"o

C,HIONNaO'P2.2'hH20 3S0.1

2022

**** ** ** ****

329003-65-8

A. methyl [4,6-diamino-2-[I-[(2-ftuorophenyl)methyl]-IH­
pyrazolo [3,4-b]pyridin-3-yl]pyrimidin-S-yl]carbamate,

n d'N!X~rOCH'
~N' NNfl,

N" h

B. methyl [4,6-diamino-2-(I-benzyl-IH-pyrazolo[3,4-b]
pyridin-3-yl)pyrimidin-S-yl](methyl)carbamate,

C. methyl [4-arnino-2-[I-[(2-ftuorophenyl)methyl]-IH­
pyrazolo[3,4-b]pyridin-3-ylj-6-(methylamino)pyrimidin-S­
yl](methyl)carbamate,

NH2 CH3

n dN:):~1!01:,CH'
F~N' "'" N N~

~

N"

D. propan-2-yl [4,6-diarnino-2-[1-[(2-ftuorophenyl)methyl]­
IH-pyrazolo [3,4-b]pyridin-3-yl]pyrimidin-S-yl](methyl)
carbamate,

o
E. benzene.
________________~__ PhE"

DEFINITION
Sodium hydrogen (l-hydroxy-I-phosphono-2-(pyridin-3-yl)
ethyl]phosphonate hemipentahydrate.

Content
99.0 per cent to 101.0 per cent (arthydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Soluhility
Soluble in water, practically insoluble in methanol.
It dissolves in dilute solutions of alkali hydroxides and
mineral acids.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tisedronate sodium 2.S-hydrate CRS.
B. It gives reaction (a) of sodium (2.3./). Dissolution of the
substanceto be examinedis achieved after the addition of
the 150 gIL solution of potassium carbonate R.
C. Water (see Tests).

TESTS
pH (2.2.3)
4.0 to S.O.

Dissolve 0.10 g in carbon dioxide-free water R with the aid of
an ultrasonic bath and dilute to 10 mL with thesame
solvent.

Related substances
A. liquid chromatography (2.2.29).

Buffer solution Dissolve 0.410 g of sodium edeuue R, 1.7 g of
dipotassium hydrogen phosphare Rand 1.7 g of
tetrabuty/ammonium dihydrogen phOsPhate R in 900 mL of
waterR, adjust 10 pH 7.5 with / M sodium hydroxide and
dilute to 1000 mL with waterR.
Solution A Dissolve 100 mg of sodium chloride R in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Test solution Dissolve 50 mg of the substance to be
examined in the mobile phase by gentle swirling and heating
for S-IO min and dilute to 20.0 mL with the mobile phase.

Reference solucion (a) To 2.0 mL of the test solution add
S mg of risedronate impurity E CRS and dilute to SO.O mL
with the mobile phase. Dilute 1.0 mL of this solution to
10.0 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

www.webofpharma.com
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Column:
- size: 1= 0.15 ffi, 0 =4.6 mm;
- stationary phase: oetade<ylsilyl silica gelfor

chromatography R (3 pm);
- temperature: 40 "C.

Mobilephase acetonitrile R, buffer solution (10:90 VIII).

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 263 run.

Injection 20~.

Run time Twice the retention time of risedronate.
Relativeretention With reference to risedronate (retention
time = about 17 min): impurity E = about 0.95.

System suitabJ1ity Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurity E and risedronare.

Limits:
- unspecified impun",ies: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.10 per cent);

- total: not more than twice the area of the principal
peakin the chromatogram obtained with reference
solution (b) (0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtainedwith reference
solution (b) (0.05 per cent); disregard any peak due to
solution A.

B. Liquid chromatography (2.2.29) as described in test A for
related substances, with the following modifications.

Reference solution (a) Dissolve 5.0 mg of the substance to be
examined in 50.0 mL of the mobile phase by gentle swirling
and heating for 5-10 min,using an ultrasonichath if
necessary.
Reference solution (b) Dissolve 5.0 mg of risedronate
impurityA CRS in the mobile phase by gentle swirling and
heating for 5-10 min) using an ultrasonic bath if necessary,
and dilute to 50.0 mL with the same solvent.

Reference solution (c) Dilute 0.5 mL of reference solution (b)
to 20.0 mL with the mobile phase.

Reference solution (d) Mix 1.0 mL of reference solution (a)
and 1.0 mL of reference solution (b) and dilute to 20.0 mL
with the mobile phase.
Mobilephase aceconirrile R, buffer solution (25:75 VIII).
Infectum 10 J1L of the test solution,reference solutions (b),
(c) and (d) and solution A.
Run time 8 times the retention time of risedronate,

Identification Use the chromatogram obtained with reference
solution (b) to ideniify the peak due to impurity A.
Relative retention With reference to risedronate (retention
time = about 4 min): impurity A = about 2.2.
Sys",m suitability Reference solution (d):

- resolution: minimum 10.0 between the peaksdue to
rtsedronate and impurity A.

Limits:
- impun"ty A: not more than 1.5 times the area of the

principal peakin the chromatogram obtained with
reference solution (c) (0.15 per cent);

- unspecified impurities: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with referencesolution (c) (0.10 per cent);

- total: not more than twice the area of me principal
peak in the chromatogram obtained with reference
solution (c) (0.2 per cent);

Risedronate Sodium 2.5-Hydrate 11-829

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtained. withreference
solution (c) (0.05 per cent); disregard any peak due to
solution A and any peak elutingbefore the peak due
to rlsedronate.

Water (2.5.12)
11.9 per cent to 13.9 per cent, determined on 0.100 g.

ASSAY
Dissolve 0.125 gin 50 mL of carbon dioxide-free water R.
Titratewith 0.1 M sodium hydroxide, determining the
end-point potentiometrically (2.2.21J).
1 mL of 0.1 M sodium hydroxide is equivalent to 15.26 mg of
C7HIONNa07P2'

IMPURITIES
Specified impurities A.
Otherdetectable impurities (thefollowing substances would, if
~nl at a sufficient level, be detected by oneor other 0/the tests
in the monograph. They art limited by thegeneral a«epUlnce
ctitetion for other/unspecified impumies and/or by lhe general
monograph Substances for pharmaceutical use (2014). I, is
therefore not necessary to icknhfy these impurities for
demonstration of romp/iane<. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, CJ D, E.

itsereotorrer andepimer atC·

A. [(3RS,6RS and 3R,6S-meso)-2,5-dihydroxy-2,5-dioxo-3,6­
bis[ (pyridin-3-yl)methyl]-1,4,2>.',5A'-dioxadiphosphinane­
3,6-diyl]bis(phosphonic acid),

o OH

ffiN ~P'-OH
I HO OH

~ P-OH

"o

B. [1-hydroxy-2-(pyridin-2-yl)ethyUdene]bis(phosphonic
acid),

o OH

O€t
~P'-OH

I HO OH
~ P-OH

"o

C. [1-hydroxy-2-(pyridin-4-yl)ethyUdene]bis(phosphonic
acid),

D. 2-(pyridin-3-yl)acetic acid,

E. [2-(Pyridin-3-yl)ethylidene]bis(phosphonic acid).
_____________________ Pl>E<r
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Risperidone
(ph. Eur. monograph 1559)

410.5 106266-06-2

Column:
- size: 1= 0.10 m, 0 = 4.6 mm;
- stationary phase: base-deactivated octad«ylsilyl SIlica gelfor

ehromawgraphy R (3 pm).

Mob.le phase:
- mobile phaseA: 5 gIL solution of ammonium acetate R;
- mobile phaseB: methanol R;

Tlmo MobUe phase A MobUe phase B
(min) (per cent I'M (per cent I'll?
0·2 70 30

2 - 17 70....,. 30 30 -+ 70

17 - 22 30 70

Action and use
Dopamine D 2 receptor antagonist; serotonin 5HT2 receptor
antagonist; neuroleptic.

Preparations
Risperidone Oral Solution

Risperidone Tablets

Risperidone Dispersible Tablets

P>E" _

DEFINITION
3-[2-[4-(6- Fluoro-I,2-benzisoxazol-3-yl)piperidin-I-yl]ethyl]­
2-methyl-6,7,8,9-tetrahydro-4H-pyrido[I,2-a]pyrimidin-4­
one.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, sparingly soluble in ethanol (96 per cent).
It dissolves in dilute acid solutions.

Ir shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison nspendone CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in acetone RJ evaporate to dryness and record new
spectra using the residues.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodI/).
Dissolve 0.1 g in a 7.5 gIL solution of tarumc acidRand
dilute to 100 mL with the same acid solution.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of tisperidone for system
suitabilily CRS (containing impurities A, B, C, D and E) in
1.0 mL of methanol R.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilure 5.0 mL of this solution to
25.0 mL with methanol R.
Reference solution (c) Dissolve the contents of a vial of
risperidone impurityK CRS in 1.0 mL of methanol R.

Flew rUle 1.5 mllmin.

Detection Spectrophotometer at 260 nm.

Injettion 10 ~L.

Idemification of impurities Use the chromatogram supplied
with risperidone for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D and E,; use
the chromatogram obtained with reference solution (c) to
identify the peak due to impuriry K.
Relativeretention With reference to risperidone (retention
time =about 12 min): impurity A =about 0.7,;
impurity B =about 0.75,; impurity C = about 0.8;
impurity K =about 0.9; Impurity D =ahour 0.94;
impurity E = about 1.1.

Systemsuitabilily Reference solution (a):
- the chromatogram obtained is similar to the

chromatogram supplied with nspetidone for SYStem
suitability CRS;

- peak-w-valley rat.,: minimum 1.5, where Hp =height
above the baseline of the peak due to impurity D and
H p := height above the baselineof the lowest point of the
curve separating this peak from the peak due to
risperidone.

Limits:
.,...- impuriu'es A, B, C, D, E: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- impurity K: not more than 0.75 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impun·ties: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.3 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Dissolve 0.160 g in 70 mL of a mixture of I volume of
anhydrous acetic acidRand 7 volumes of methylethylketone R
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and titrate with 0.1 Al perchlonc acid. Determine the
end-point potentiometrically (2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 20.53 mg
of C2JH27FN,,02'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A., B, C, D, E, K.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cruetion for othethmspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not nuessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for phannaceutical use) F, H, I, J, LJ M.

a)CYi r(
o ~

HO.... N F

A. 3-[2-[4-[(E)-(2,4-dilluorophenyl)(hydroxyimino)methyl]
piperidin-I-yl]ethyl]-2-methyl-6,7,8,9-1etrahydro-4H­
pyrido[1,2-a]pyrimidin-4-one,

a~(1 (I(
o ~

N'OHF

B. 3-[2-[4-[(Z)-(2,4-dilluorophenyl)(hydroxyimino)methyl]
piperidin-I-yl]ethyI)-2-methyl-6,7,8,9-tetrahydro-4H­
pyrido[1,2-a]pyrimidin-4-one,

25.;cn 1"'>-'
o ~

andenanllomer N-O

c. (9RS)-3- [2-[4-(6-fluoro-I ,2-benzisoxazol-3-yl)piperidin-I­
yl]ethyl]-9-hydroxy-2-methyl-6,7,8, 9-tetrahydro-4H-pyrido
[1,2-0] pyrimidin-4-one,

D. 3- [2-[4-(5-lIuoro-1,2-benzisoxazol-3-yl)piperidin-I-yl]
ethyl] -2-me thyl-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]
pyrimidin-4-one,

Risperidone II-831

E. (6RS)-3- [2-[4-(6-lIuoro-1 ,2-benzisoxazol-3-yl)piperidin-I­
yl]ethyl] -2,6-dimethyl-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]
pyrimidin-4-one,

a~
N CH,
riO

N AC\V-ON O::-F

o ~ b
I
N-O

F. 2-[2-methyl-4-oxo-6,7,8,9-tetrahydro-4H-pyrido[1 ,2-a]
pyrimidin-3-yl]ethyl 4-(6-lIuoro-l,2-benzisoxazol-3-yl)
piperidin-j-carboxylate,

a.;c71 r(
o ~

o F

H. 3-[2-[4-(2,4-dilluorobenzoyl)piperidin-I-yl]ethyl]-2­
methyl-6,7,8,9-tetrahydro-4H-pyrido [I ,2-a]pyrimidin-4­
one,

I. 3- [2-[4-[4-0uoro-2- [4-(6-lIuoro-1 ,2-benzisoxazol-3-yl)
piperidin-I-yl]benzoyl]piperidin-I-yl]ethyl]-2-methyl­
6,7,8,9-tetrahydro-4H-pyrido[I ,2-a]pyrimidin-4-one,

J. 3- [2-[4- [(Z) - [4-lIuoro-2-[4-(6-lIuoro-1 ,2-benzisoxazol-3­
yl)piperidin-I-yl]phenyl] (hydroxyimino)methyljpiperidin­
I-yl] ethyl] -2-methyl-6,7,8, 9-tetrahydro-4H-pyrido [I,2-a]
pyrimidin-e-one,
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Solubility
Practically insoluble in water, freely solublein methanol and
in methylene chloride, veryslightlysoluble in acetonitrile.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison n"umavir CRS.
If the spectra obtainedin the solid state show differences
dissolve the substance to be examined and the reference
substance separately in methylene chloride R, evaporate to

dryness and record new spectra usingthe residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mix equal volumes of aceumilriJe R and a
4.1 WL solution of potassium dihydrogm phosphate R.
Test solution (a) Dissolve 10.0 mg of the subsrance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture. Sonicate if necessary.
Test solurion (b) Dilute 5.0 mL of test solution (a) to
10.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 20.0 mL with th.e solvent mixture.
Reference solurion (a) Dissolve 5.0 mg of rilOnavir for peak
identification CRS (containing impurities E, F, L, °and 1)
in the solventmixture and dilute to 5.0 mL with the solvent
mixture. Sonicate if necessary.
Reference solurion (b) Dilute 1.0 mL of test solution (0) to
10.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 100.0 mL with the solventmixture.
Reference solution (c) Dissolve 10.0 mg of ritonatJir CRS in
the solvent mixture and dilute to 10.0 mL with the solvent
mixture. Sonicate if necessary. Dilute 5.0 mL of thissolution
to 10.0 mL with the solventmixture. Dilute 1.0 mL of this
solution to 20.0 mL with the solventmixture.
Column:
- size: 1::::: 0.15 m, 0 ::::: 4.6 mrn;
- surtioooIY phase: end-capped buty/silyl silica gelfor

chromatography R (3 urn);
- temperature: 60 "C.

Mobile phase:
- mob,7e phaseA: mix 5 volumes of but.anol R) 8 volumesof

leu-ahydrojuran R, 18 volumes of acetonitrile Rand
69 volumes of 0 4.1 WL solution of potassium dihydrogen
plwsphate R filtered through a 0.45 urn nylonmembrane;

- mobile phase B: mix 5 volumes of butanol R, 8 volumes of
retrahydrofuran R, 40 volumes of a 4.1 WL solution of
potassium dihydrogen phosphate R filtered through a
0.45 urn nylon membrane and 47 volumes of
acetonitrile R;

155213-67-5721

(ph. Eur. monograph 2136)

C37H.sN.O,S,

Action and use
Protease inhibitor; antiviral (lllV).

Preparations
Ritonavir Oral Solution
RitonavirTablets

____________________ POE"

M.6-fluoro-3-(piperidin-4-yl)-1,2-benzisox3zole.

L. 3-(2-chloroethyl)-2-methyI-6,7,8.9-tetrabydro-4Hpyrido
[1,2-a]pyrimidin-4-one (piperidopyrimidinone
intermediate),

Ritonavir

K. 3-[2-[4-(1,2-benzisoxazol-3-yl)piperidin-I-yl]ethyl]-2­
methyl-6,7,8,9-tetrabydro-4H-pyrido[I ,2-a]pyrimidin-4­
one (desfluororisperidone),

DEFINITION
Thiazol-5-ylmethyl [( IS,2S,4S)-I-bemyl-2-hydroxy-4-[[(2S)­
3-methyl-2-[[methyl [[2-(1-methylethyl)thiazol-4-yl] methyl]
carbamoyl]amino]butanoyl]amino]-5-phenylpentyl]
carbamate.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
The production method is validated to demonstrate suitable
enantiomeric purity of the final product.

CHARACTERS
Appearance
White or almost white powder.

Time Mobile phase A MobUe phase B
(mIo) (per cent VIJI) (per cent VIJI)

0·60 100 0

60 - 120 100~ 0 o~ 100

120- 120.1 o~ 100 100~ 0

120.1 - 155 100 0

Flow rale 1.0 mUmin.
Detection Spectrophotometer at 240 nm.
Injection 50 J.1L of test solution (a) and reference
solutions (a) and (b).
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Identification of impurities Use the chromatogram supplied
with ritotunnr for peak identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peaksdue to impurities E, F, L, 0 and T.
Rdatiue retention Withreference to ritonavir (retention
time = about 34 min): impurity E = about 0.39;
impurity F = about 0.40; impurity L = about 0.8;
impurity 0 = about 1.1; impurity T = about 2.6.

Systemsuitability Reference solution (a):
- ptak-to--valJey ratio: minimum 1.2, where Hp = height

above the baseline of the peakdue to impurity E and
H; =height above me baseline of the lowest point of the
cwve separating thispeakfrom the peak due to
impurity F.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity F = 1.4;
impurity L =1.9; impurity T =1.4;

- impuruiesE, 0: for each impurity, not more than 3 times
the area of the principal peak in the chromatogram
obtained withreference solution (b) (0.3 per cent);

- ;mpun·ty T: not more than twicethe area of the principal
peakin the chromatogram obtained withreference
solution (b) (0.2 per cent);

- impurities F, L: foreach impurity, not morethan the area
of the principal peak in the chromatogram obtained with
reference solution (b) (0.1 per cent);

- unspecified impurities: for each impurity, not more than the
area of theprincipal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- 1Ola/: not more than 10 times the area of the principal
peakin the chromatogram obtained with reference
solution (b) (1.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfated ash (2.4. I4)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (c).
Calculate the percentage contentof C37H<lsN"605S2 from the
decJared contentof riumaoir CRS.

STORAGE
Protected from light.

L'I1PURITIES
"". "SpecifWJ impuriues E, F, L, 0, T.

Other detectable impurities (thefoiklwing substonces would, if
present at a sufficient leuel, be deucted by one or other of the tests
in me monograph. Theyare limited by the general aaeptance
criterion for other/unspecified impurities ondlor by thegeneral
monograph Substances for pharma<eutirol use (2Q34). It is
therefore not necessary UJ identify these impurities for
demonstration of compliance. See also 5.IQ. Control of impurities
in substances for pharmaceutical use) A, B, C, D, G, H, 1,J,
K, At[, N, P, Q, R, S, U.

Ritonavir II-833

A. (2S)-a-methyl-2- [[methyl[[2-(l-methylethyl)thiazol-4-yl]
methyl]carbamoyl]aminojbutanoic acid,

B. thiazol-5-ylmethyl [(IS,2S,4S)-4-[[(2S)-2-amino-3­
methylbutanoyl]amino]-I-benzyl-2-hydroxy-5­
phenylpentyl]carbamate,

c. thiazol-5-ylmethyl [(lS,2S,4S)-4-(acetylamino)-I-benzyl­
2-hydroxy-5-phenylpentyl)carbamate,

D. thiazol-5-ylmethyl [(lS,2S,4S)-I-benzyl-2-hydroxy-5­
phenyl-4-[[(thiazol-5-ylmethoxy)carbonyl]aminoj
pentyljcarbamate,

E. thiazol-5-ylmethyl [(IS,2S,4S)-I-benzyl-2-hydroxy-4­
[[ (2S)-2- [[[[2-( I-hydroxy-I-methylethyl)thiazol-4- yl]
methyl]methylcarbamoyl]amino]-3­
methylbutanoyl]aminoj-5-phenylpentyl]carbamate,

www.webofpharma.com



II-834 Ritonavir

F. thiazol-5-ylmethyl [(IS,2S,4S)-I-benzyl-4-[[(2S)-I-benzyl­
2-hydroxy-4-[(4S) -4-( I-methylethyl)-2,5­
dioxoimidazolidin-l-yl)-5-phenylpentyljcarbamate,

G. thiazol-5-ylmethyl [( IS,2S,4S)-I-benzyl-4-[[(2S)-2-[[[[2­
(I_hydroperoxy-I-methylethyl)thiazol-4-yljmethyl]
methylcarbamoyljamino)-3-methylbutanoyljaminoj-2­
hydroxy_5_phenylpentyljcarbamate,

H. thiazol-5-ylmethyl (4S,5S)-4-benzyl-5-[(2S)-2-[(4S)-4-(I­
methylethyl)-2,5-dioxoimidazolidin-l-yIJ-3-phenylpropyl)­
g-oxooxaaolldlne-3-carboxylate,

I. thiazol-5-ylmethyl [«IS,2S,4S)-I-benzyl-4-[[(2S)-2-[[[[2­
ethylthiazol_4_yl)methyljmethylcarbamoyljarninoj-3­

methylbutanoyljarninoj-2-hydroxy-5-phenylpentyl)

carbamate,

2022

J. thiazol-5-ylmethyl [(lS,2S,4S)-I-benzyl-4-[[(I,I­
dimethylethoxy)carbonyljamino)-2-hydroxy-5­
phenylpentyljcarbamate,

K. thiazol-5-ylmethyl (IS,2S,4S)-I-benzyl-2-hydroxy-4-[[(2­
methylpropoxy)carbonylJarnino)-5-phenylpentyl)

carbamate,

L. (4S,5S)-4-benzyl-5-[(2S)-2-[[(2S)-3-methyl-2-[[methyl[[2­
(l-methylethyl) thiazol-4-yl) methyljcarbamoyl]
aminojbutanoyl)amino)-3-phenylpropyljoxazolidin-2-one.

M.2-methylpropyl (2S)-3-methyl-2-[[methyl[[2-(I­
methylethyl)thiazol-4-yljmethyl)carbamoyl)amino)

butanoate,

N. thiazol-5-ylmethyl [(lS,3S,4S)-I-benzyl-3-hydroxy-4-
[[(2S) -3-methyl-2-[[methyl [[2- (l-methylethyl) thiazol-4-ylj
methyljcarbarnoyl)aminojbutanoyljamino)-5-phenylpenty11
carbamate,
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O. thiazol-S-ylmethyl [(IS,2R,4S)-I-benzyl-2-hydroxy-4-
[[(2S)-3-methyl-2- [[methyl [[2-(l-methylethyl) thiazol-4-yl]
methyl]carbamoyl]amino]butanoyl]amino]-S-phenylpentyl]
carbamate,

P. bis(thiazol-S-ylmethyl) [carbonylbis[imino[(2S,3S,SS)-3­
hydroxy-I,6-diphenylhexane-S,2-diyIJlJdicarbamate,

Q. thiazol-S-ylmethyl [(IS,2R,4R)-I-benzyl-2-hydroxy-4-
[[(2S) -3-methyl- 2- [[methyl [[2-( l-methyle thyl)thiazol-4 -yl]
methyl]carbamoyl]amino]bulanoyl]amino]-S-phenylpentyl]
carbamate,

R. thiazol-S-ylmethyl [(IS,2S,4R)-I-benzyl-2-hydroxy-4-
[[(2S) -3-methyl-2- [[methyl [(2- (l-methylethyl)thiazol-4-yl]
methyl]carbamoyl]amino]butanoyl]amino]-S-phenylpentyl]
carbamate,

Ritonavir II-835

S. thiazol-S-ylmethyl [(lS,2S,4S)-I-benzyl-4-[[(2S)-2-
[[[(I S,3S,4S)-I-benzyl-3-hydroxy-S-phenyl-4-[[(thiazol-S­
ylmethoxy)carbonyl]aminoJpentyl] carbamoyl]amino]-3­
methylbutanoyl]amino]-2-hydroxy-S­
phenylpenryljcarbamare,

T. (2S)-N-[(IS,2S,4S)-I-benzyl-2-hydroxy-4-[[(2S)-3­
methyl-2-[[methyl[[2-( I-methylethyl) thiazol-4-yl]methyl]
carbamoyl]amino]butanoyl]amino]-S-phenylpentyl]-3­
methyl- 2-[[methyl[[2-(I-methylethyl) thiazol-4-yl]methyl]
carbamoyl]amino]butanamide,

U. (I S,3S)-3- [[(2S)-3-methyl-2- [[methyl[[2-(1­
methylethyl)thiazol-4-yl]methyl]carbamoyl]amino]
butanoyl]amino]-4-phenyl-l-[(I S)-2-phenyl-l-[[(thiazol-S­
ylmethoxy)carbonyl]amino]ethyl]butyl (2S)-3-methyl-2-
[[methyl [[2-( l-methylethyl) thiazol-4-yl] methyl] carbamoyl]
amino]butanoate.

_______~ PhE..
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DEFINITION
5-Chloro-N-[[(5S)-2-oxo-3-[4-(3-oxomorpbolin-4-yl)phenyl]­
1,3-oxazolidin-5-yl]methyl]thiopbene-2-carboxamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish powder.

Solubility
Practically insoluble in water, freely soluble in dimethyl
sulfoxide, praeticaUy insoluble in anhydrous ethanol and in
heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison rioaroxobon CRS.
B. Enantiomeric purity (see Tests).

TESTS
Enantlomerlc purity
Liquid chromatography (2.2.29).

Test soluMn Dissolve 20 rngof the substance to be
examined in 25 mL of auconitrile R and dilute to 50 mL with
anhydrous ethanol R.
Reference solution (a) Dissolve 1 mg of n"varoxaban
impurily A CRS in 5 mL of acetonitrile R and dilute to 10 mL
with anhydrous ethanol R.
Reference solution (b) Dissolve 20 mg of the substance to be
examined in 25 mL of acetonitrile R, add 1 mL of reference
solution (a) and dilute to 50 mL with anhydrous ethanol R.
Column:
- size: I:::: 0.25 m, 0 :::: 2.0 mm;
- statUmary phase: cellukJse derivative of silica gelfor c/ural

sepamdon R (10 f1I1l);
- temperature: 50°C.
Mobile phase anhydrous ethanol R, heptane R (30:70 VII').

Flow rau 0.2 mllmin.
Detection Spectrophotometer at 250 nm.
Injection 3.0~ of the test solutionand reference
solution (b).

Run time 1.5 times the retention time of rivaroxaban.
Relative retention Withreference to rivaroxaban (retention
time = about 17 min): impurity A = about 0.9.

Action and use
FactorXa inhibitor; anticoagulant

Preparation
Rivaroxaban Tablets

Time MobUe phase A MobUe phase B
(mID) (percenl VM (per cent VIJI)

0-2 98 2

2-8 98 -+ 84 2 -+ 16

8 - 25 84 ..... 64 16 -+ 36

25 ~ 37 64 ~ 20 36 -+ 80

Flaw rate 1.0 mUmin.

Detection Spectrophotometer at 250 om.

lnjeaion 3 ilL of the test solution and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with rivaroxaban for system suitability CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peak due to impurity G.
Relativeretention Withreference to rivaroxaban (retention
time = about 16 min): impurity G = about 0.9.

Systemsuitability Reference solution (c):
- resolution: minimum7.0 between the peaksdue to

impurity G and rivaroxaban.
Co/culalion of percentage contents:
- for each impurity, use the concentration of rivaroxaban in

reference solution (b).

Limits:
- unspecified impun·ties: for each impurity, maximum

0.10 per cent;

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity A and rivaroxaban.
Limit:
- impurity A: maximum 0.5 per cent; calculate the ratio of

the area of the peakdue to impurity A to the sum of the
areas of the peaksdue to rivaroxaban and impurity A.

Related substances
Liquid chromatography (2.2.29).

Solsuion A Dissolve 1.36 g of potassium dihydrogen
pho,phate R in wow for chromatography R, add 200 ~L of
phosphonc acidR and dilute to 1000 mL with wow for
chromatography R.
Solventmixture aceumimle R, solution A (40:60 VIV).

Test solution Dissolve 25.0 mg of the substance to be
examinedin the solvent mixture and dilute to 50.0 mLwith
the solvent mixture.
Reference solution (aJ Dissolve 25.0 mg of rivaroxaban CRS
in the solvent mixture and dilute to 50.0 mL with thesolvent
mixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.

Reference solution (c) Dissolve 2.5 mg of rivaroxaban for
system suitability CRS (containing impurity G) in the solvent
mixture and dilute to 5 mL with the solventmixture.
Column:
- size: I:::: 0.15 m, 0::::3.0 nun;
- stationary phase: end-capped exira-dense bonded octadecylsilyl

SIlica gelfor chromawgraphy R (3.5 urn),
- temperatu",: 60 "C.

Mobile phase:
- mobile phase A: mix 5 volumes of methanol Rand

95 volumes of a 1.0 gIL solution of sodium
he:wnesulfonate R in solutionA;

- mobile phase B: acetonitrile R;

**** ** ** ****

366789-02-8435.9

(ph. Eur. monograph 2932)

Rivaroxaban

C19H18CIN,O,S
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- total: maximum 0.3 per cent;
- reponing threshold: 0.05 per cent.

Water (2.5.32)
Maximum 0.5 per cent) determined on 0.150 g using the
evaporation technique at 150 "C.

Sulfated ash (2A.I</)
Maximum 0.1 per cent, determined on 2.0 g.

ASSAY
liquid chromatography (2,2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (a).

Calculate the percentage content of Cl9HISClN305S taking
into account the assigned content of riuaroxaban CRS.

IMPURITIES
Specified impuruies A.

Other detectable impurities (thefollowing sub"an"", would, if
present at a sufficient level, be daeaed by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
oitedon for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034), Ir is
therefore not necessary to identify these impun"u"es for
demonstration of compliance. See also5.10. Control of impurities
in substanCes forpharmaceutical use) ,B~ D~ E~ p. G~ H. I. J.

A. 5-<:Woro-N-[[(5R)-2-oxo-3-[4-(3-oxomorpholin-4-yl)
phenyl)-1,3-oxazolidin-5-yl]methyl) thiophene-2­
carboxamide,

B. N- [[ (5S) -z-oxo-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3­
oxazolldin-fi-yljmethyljacetamide,

D. N,N'-bis[[(5S)-2-oxo-3-[4-(3-oxomorpholin-4-yl)phenyl]­
1,3-oxazolidin-5-yl]methyl]urea,

E. N- [[ (5S) -z-oxo-3- [4- (3-oxomorpholin-4-yl)phenyl]-I ,3­
oxazolidin-5-yl]methyl]thiophene-2-<:arboxamide,

Rivaroxaban II-837

n
HOzC-..J.!....S./--CI

F. 5-ehlorothiophene-2-carboxylic acid)

G. 2-[[(5S)-2-oxo-3-[4-(3-oxomorpholin-4-yl)phenyl)-1,3­
oxawlidin-5-yl]methyl)-2H-isoindole-l ,3-dione,

H,4,5-dichloro-N-[[(5S)-2-oxo-3-[4-(3-oxomorpholin-4-yl)
phenyl] -I , 3-oxazolid in-5-yl)methyl] thiophene-2­
carboxamide,

1. [2-[1',9'-dicWoro-2,5',8-trioxo-3,7-diaza-5(3,5)-1,3­
oxawlidina-I,9(2)-dithiophena-4(1,4)-benzenanonaphan­
3-yl]ethoxy)acetic acid,

J. 5-chloro-N-[4-[(5S)-5-[(5-chlorothiophene-2­
carboxamido)methyl)-2-oxo-1 ,3-oxazolidin-3-yl)phenyl]­
N- [2-[2-oxo-2-[[[(5S)-z-oxo-3-[4-(3-oxomorpholin-4-yl)
phenyl)-I,3-oxazolidin-5-yl)methyl)amino ]ethoxy) ethyl]
thiophene-2-carboxamide.

__________________-'-- PIlE"
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DEFINITION
3-[( IS)-I-(Dimethylamino)ethyl)phenyl ethyl
(methyl)carbamate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Viscous, clear, colourlessor yellowor veryslightly brown,
hygroscopic liquid.

Solubility
Sparingly soluble in water, verysoluble in anhydrous ethanol
and in heptane. .

IDENTIFICATION
Carry out either tests A, B or tests B, C.
A. Specific optical rotation (Z.Z.7): -44.0 to -38.0
(anhydrous substance). Prepare the solution immediately before
use.
Dissolve 0.300 g in ethyl acerate R and dilute to 50.0 mL
with the same solvent.
B. lufrared absorption spectrophotometry (Z.Z.Z4).
Preporadon Film.

Comparison rivastigmine hydrogen tartrate CRSJ treated as
follows: dissolve 0.100 g in 30 mL of buJfersolution pH 11 R,
then add 30 mL of 1,1-dimethyfethyf merhyl ether R and shake
vigorously for 2 min. Allow the layers to separate. Filter the
upper organic layer through anhydrous sodium sulfate R.
Evaporate the filtrate under reduced pressure at a
temperature not exceeding 60°C to obtaina residue. Record
the reference spectrumusing this residue.
C. Enantiomeric purity (see Tests).

TESTS
En1.ndomerlc purity
Liquid chromatography (Z.Z.Z9).
Solution A Solution containing 1.78 gILof disodium
hydrogen phosphate dihydrate Rand 1.38 gIL of sodium
dihydrogen phosphate monohydrate R. Adjust to pH 6.0 with
phosphoric acidR.
Test solution Dissolve 25.0 mg of the substance to be
examined in the mobile phaseand dilute to 100.0 mL with
the mobile phase. Dilute 5.0 mL of the solution to 20.0 mL
with the mobile phase.
Reference solution (a) Dissolve 2.0 mg of rivastigmine
impuriry D CRS in the mobile phase and dilute to 200.0 mL

with the mobile phase. Dilute 1.0 rnL of the solution to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 1 mg of tiuastigmine hydrogen
tartrate CRS in reference solution (a) and dilute to 10 mL
with reference solution (a).
Column:
- size: 1= 0.10 m, 0 =4.0 rom;
- stationary phase: al-acid-glyroproteit. silica gelfor chiral

separation R (5 urn),

Mobilephase Mix 205 ~L of N,N-dimerhy/ocryfamine Rand
20.0 mL of acetonitrile R1 and dilute to 1000 mL with
solution A.
Flow rate 0.5 mllmin.

Detection Spectrophotometer at 200 run.
Injection 20 ur,
Run time Twice the retention timeof rivastigmine.
Relative retention With reference to rivastigmine (retention
time = about 9 min): impurity D = about 0.8.

Systemsuilabilily Reference solution (b):
- peak-to-valky ratio: minimum 2.5, where Hp =height

above the baselineof the peakdue to impurity D and
H; =height above the baseline of the lowest point of the
curveseparating this peakfrom the peakdue to
rivastigmine.

Calculation of percentage "",tenr.
- use the concentration of impurity D in reference

solution (a).

Limit:
- impurity D: maximum 0.3 per cent.

Related substances
Liquid chromatography (Z.Z.Z9). Cony out the tes: protected
from ligh<
Testsolution Dissolve 62.5 mg of the substance to be
examined in the mobilephaseand dilute to 100.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve the contentsof a vialof
tiuastigmine for system sutiability CRS (containing
impurities A, B and C) in 1 mL of the mobile phase.

Reference solution (c) Dissolve50.0 mg of rivastigmine
hydrogen tartrate CRS in me mobile phase and dilute to
50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: end-eapped extadecyfsilyl silica gelfor

chromawgraphy R1 (5 JUIl);
- temperature: 40 "C.
Mobilephase Mix 42 volumes of an 8.9 gIL solution of
disodium hydrogen phosphate dihydrate R previously adjusted to
pH 7.0 with phosphori< acidR and 58 volumes of
methanol RZ.
Flow rate 1.0 mIJrnin..

Detection Spectrophotometer at 214 nm.
Injeuion 20 J1L of the test solution and reference
solutions (a) and (b).

Run time Twice the retention timeof rivastigmine.

Identification of impurities Use the chromatogram supplied
with nvastigmitU for system mitabi!iI:Y CRS and the
chromatogram obtained withreference solution (b) to
identify the peaksdue to impurities A, B and C.

**** ** *<,»

123441-03-2250.3

(Ph. Eur. monograph 2629)

Rivastigmine

Action and use
Cholinesterase inhibitor; treatment of dementia in
Alzheimer's diseaseand Parkinson's disease.

Preparation
RivastigmineTransdermal Patches
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2022 Rivastigmine Hydrogen Tartrate 11-839

**** ** **••**

129101-54-8

H OH

Ho,cXyCo,H
H C)H

400.4

(Ph. Eur. monograph 2630)

Rivastigmine Hydrogen Tartrate

C. 3-acetylphenyl ethyl(methyl)carbamate,

PhEll _

Action and use
Cholinesterase inhibitor; treatment of dementia in
Alzheimer's disease and Parkinson's disease.

Preparations
Rivastigmine Capsules

Rivastigmine Oral Solution

D. 3-[(lR}-I-(dimethylamino}ethyl]phenyl ethyl
(methyl)carbamate «R)-enantiomer).

-- PhEll

DEFINITION
3-[(IS)-I-(Dimethylamino}ethyl]phenyl N-ethyl-N­
methylcarbamate hydrogen (2R,3R)-2,3­
dihydroxybutanedioate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, very hygroscopic, crystalline or fine
crystalline powder.

Solublllty
Very soluble in water, soluble in methanol, very slightly
soluble in ethyl acetate.

It shows polymorphism (5.9).

IDENTIFICATION
Carry out either tests AI B or tests B, C.

A. Specific optical rotation (2.2.7): + 4.2 to + 5.1.

Dissolve 0.600 g in methanol R and dilute to 20.0 mL with
the same solvent"

B. Infrared absorption spectrophotometry (2.2.2,,>.

Comparison rioastigmine hydrogen tanrale CRS.

If the spectra obtained in the solid state show differences,
dissolve the substance [0 be examined and the reference
substance separately in methanol R, evaporate [Q dryness and
record new spectra using the residues.

C. Enantiomeric purity (see Tests).

Relativeretention With reference to rivastigmine (retention
time = about 10 min): impurity A = about 0.4;
impurity C = about 0.6; impurity B = about 0.7.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities C and B.

Calculation of percentage contents:
- for each impurity, use the concentration of rivastigmine in

reference solution (a).

Limits:
- impun"ty A: maximum 0.3 per cent;
- impurity B: maximum 0.15 per cent;
- unspecified impuruies: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reponing threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.5 per cent) determined on 1.000 g.

Change the solvent after standardisation of the titrant and
after every 3«1 sample.

Sulfated ash (2.4.1">
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications"

Injection Test solution and reference solution (c)"

System suitability Reference solution (c):
- symmetry faaor: maximum 25 for the peak due to

rivastigmine.

Calculate the percentage content of C1Ji22N202 taking into
account the assigned content of n'vastigmine hydrogen
tanrate CRS and a conversion factor of 0.625.

STORAGE
Under an inert gas, in an airtight container, protected from
light, at a temperature of 2 °C to 8°C.

IMPURITIES
Specified impuriues A, B, D.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the USl.S

in the monograph" They are limited by thegeneral acceptance
criterion for other/unspecified impun"ties and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
there/ore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impun"ties
in substances for pharmaceutical use) C.

A. 3-[(lS)-I-(dimethylamino}ethyl]phenol (dimetol),

B. 3-[(J S)-I-(dimethylamino)ethyl]phenyl
dimethylcarbamate,
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II-840 Rivastigmine Hydrogen Tartrate

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29).

Solruion A Solution containing 1.78 gIL of disodium
hydrogen phosphate dihydrate Rand 1.38 gIL of sodium
dihydrogen phosphate monohydrate R, adjusted to pH 6.0 with
phospho", acidR.

Test solution Dissolve 10.0 mg of the substance to he
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dissolve 2.0 mg of n"vastigm;'le
impurity D CRS in the mobile phase and dilute to 200.0 mL
with the mobile phase. Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase.

Reference solution (b) Dissolve 1 mg of riuastigmine hydrogen
tartrate CRS in reference solution (a) and dilute to 10.0 mL
with the samesolution.
Column:
- size: 1= 0.10 m, 0 =4.0 mm;
- stationary phase: al-acid-gryroprouin silica gelfor chiral

separation R (5 pm).

Mobile phase Mix 205 ~L of N,N-dimethyloctylamine Rand
20.0 mL of acetanitrile Rl and dilute to 1000 mL with
solution A.
Flow rate 0.5 mllmin.

Del«II()tI Spectrophotometer at 200 run.

Injection 20~.

Run time Twice the retention timeof rivastigmine.
Identification of impun"lies -Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurity D.

Relative retention With reference to rivastigmine (retention
time= about 9 min): impurity D = about0.8.
System suitability Reference solution (b):
- peak-w-val/ey ratio: minimum 2.5, where Hp =height

above the baseline of the peakdue to impurity D and
flo = height above the baseline of the lowestpointof the
curve separating thispeakfrom the peak due to
rivastigmine.

Calculation of percentage content:
- for impurity D J use the concentration of impurity D in

reference solution (a).
Limir.
- impun·ty D: maximum 0.3 per cent.

Related substances
Liquid chromatography (2.2.29). Carry 0", the test protected
from ligh'
Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase. '1

Reference sdution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL wi!:h the mobilephase.
Reference solution (b) Dissolve the contents of a vial of
n'vastigmine for system suitability CRS (containing
impurities A, B and C) in 1.0 mL of the mobile phase.

Reference solution (c) Dissolve 50.0 mg of tiuastigmine
hydrogen tartrate CRS in the mobilephase and dilute to
50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.0 mrn;

2022

- stationary phase: end-capped octadecylsiryl silica gelfor
chromatography R (5 [.m);

- temperature: 40 "C.
Mobile phase Mix 42 volumes of an 8.9 gIL solution of
disodium hydrogen phosphate dihydrate R previously adjosted to
pH 7.0 with phospho", acidRand 58 volumes of
methanol RI.
Flow rate 1.0 mllmin.

Detection Spectrophotometer at 214 run.
Injection 20 Jd. of the test solution and reference
solutions (a) and (b).

Run time Twice the retention timeof rivastigmine.
Identification 0/impurities Use the chromatogram supplied
with tiuastigmine for system suitability CRS and the
chromatogram obtained withreference solution (b) to
identify the peaks due to impurities A, Band C.
Relativeretention with reference to rivastigmine (retention
time =about 10 min): impurity A =about 0.4;
impurity C =about 0.6; impurity B =about 0.7.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between thepeaks due to

impurities C and B.
Calculation of percentage contents:
- foreach impurity, use the concentration of rivastigmine

hydrogen tartrate in reference solution (a).

Limits:
- impun·ty A: maximum 0.3 per cent;
- unspecified impurities: for each impurity, maximum

0.10 percent;
- total: maximum 0.5 percent;
- reporting threshold: 0.05 per cent; disregard the peak due to

tartaric acid.
Water (2.5.12)
Maximum 0.5 per cent, determined on 1.00 g.

Sulfated ash (2.4. I 4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (Z.2.29) as described in the test fer
related substances with the following modifications.
Injection Test solutionand reference solution (c).

Systemsuitability Reference solution (c):
- symmetry factor. maximum 2.5 for the peak due to

rivastigmine.
Calculate the percentage contentofC1sH2sN20g taking into
account the assigned contentof rivastigm;ne hydrogen
tartrate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, D.

Otherdetectable impurilies (thefollowing substances would, if
present at a sufficient kvel, be detected by oneorother 0/the tests

in the monograph. They are limited try thege/leral acceptance
criterion for otherlunspecified impuriues and/or try thegeneral
monograph Substances forpharmaceutical use (2034). It is.
there/ore not necessary to idemify these impurities for
demonstration of compliance. See also 5.JO. Control of impurities
in substances for pharmaceutical use) B, C, E, F, G, H
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2022 Rizatriptan Benzoate 11-841

A. 3-[ (IS)-I-(dimethylamino)ethyl)phenol,

Rizatriptan Benzoate
(Ph. Eur. monograph 2585)

**** ** ** ****

()

Co,H

. I
""

Action and use
Serotonin SHT1 receptor agonist; treatment of migrane.

Preparations
Rizatriptan Orodlspersible Tablets

Rizatriptan Tablets

B. 3-[(lS)-I-(dimethylamino)ethyl)phenyl N,N­
dimethylcarbamate,

C"H"N,O, 391.5 145202-66-0

C. 3-acetylphenyl N-ethyl-N-methylcarbamate,

D. 3-[(IR)-I-(dimethylamino)ethyl]phenyl N-ethyl-N­
methylcarbamate,

E. 3-[(IS)-I-(methylamino)ethyl)phenyl N-ethyl-N­
methylcarbamare,

F. (1S)-I-(3-methoxyphenyl)-N,N-dimethylethanamine,

G.I-(3-methoxyphenyl)ethan-I-01,

H. 1-(3-methoxyphenyl)ethan-I-one.
____________________ PhE"

1M" _

DEFINITION
N,N-Dimethyl-2-[5-(lH-I,2.4-triazol-l-ylmethyl)-IH-indol­
3-yl]ethanamine benzoate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder or crystals.

Solubility
Soluble in water, sparingly soluble in ethanol (96 per cent),
slightly soluble in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
A. Iofrared absorption spectrophotometry (2.2.24).

Comparison rizatriptan benzoate CRS.
If the spectra obtained showdifferences, dissolve the
substance to be examined and the reference substance
separately in methanol R, evaporate (0 dryness and record
new spectra using the residues.
B. Examine the chromatograms obtained in the assay.
Results The 2 principal peaksin the chromatogram obtained
with me test solution are similar in retention time and size to
the 2 principal peaks in the chromatogram obtained with
reference solution (a).

TESTS
Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure. Use silanised glass auwsampler vials andfreshly
prepared sdutions.
Testsolution Dissolve 50.0 mg of the substance to be
examined inmobile phase A and dilute to 50.0 mL with
mobile phase A.

Reference solution (aJ Dissolve 50.0 mg of rizatriptan
benzoate CRS in mobile phase A and dilute to 50.0 mL with
mobile phase A.
Reference solution (bJ Dissolve 5 mg of vizaniptan forsynem
SUiUlbl7ily CRS (containing impurity C) in mobile phase A
and dilute to 5.0 mL withmobilephaseA.
Reference sdution (c) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solutionto 20.0 mL with mobile phase A.
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11-842 Rizatriptan Benzoate

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: phenyhilylsilica gelfor chromalOgraphy R

(5 pm);
- temperature: 40 "C.

Mobile phase:
- mobile phase A: mix 160 mL of acetonitrile Rand 840 mL

of water R, add 1.0 mL of trifluoroautic acid R and mix;
- mobile phaseB: to 1000 mL of acelOnitriJe R add 1.0 mL of

tnJluo1"OCUet~acid R andmix;

Time MobUe phase A MobUe phase B
(min) (per cent VIP) (per cent VIP)

O-S 100 0

8 - 17 100 --> 70 0-->30

17 ~ 20 70 30

20 - 20.1 70 ..... 100 30 --> 0

20.1 - 23 100 0

Flow rale 1.5 mIlmin.

Deration Spectrophotometer at 280 nm.

/njuli011 20 j.l1.. of the test solution and reference
solutions (b) and (e).

Idendficotion of impurities Use the chromatogram supplied
with rizalriptan for system miuzbaity CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peak due [0 impurity C.

Relative retention With reference to rizatriptan (retention
time = about 5 min): impurity C = about 1.3; benzoic
acid = about 2.1.

System suiuzbility Reference solution (b):
- resolution: minimum 2.0 between the peaksdue to

rizatriptan and impurity C.
Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- disregard limit: the area of the peakdue to rizatriptan in

the chromatogram obtainedwith reference solution (c)
(0.05 per cent); disregard anypeakdue to benzoic acid.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solution and reference solution (a).

System suitabiliry Reference solution (a):
- symmetry factor. maximum 3.5 for the peakdue (Q

rizatripran.
Calculate the percentage content of C22H25N502 from the
declared content of tizauipum benzoate CRS.

IMPURITIES
Otherdeteaobie impurities (thefollowing substances W01'ld, if
present at a sufficienc level, bedetected by one orother of the tests
in the monograph. Theyarelimited by the general acceptance
criterion for other/unspecified impuniks andlor by the general
monograph SubsUlnces for pharmaceuucal use (2034). It is
there/ore not necessary eo identify these impuruies for
demonstration of compliance. See aha 5.10. Control of impurities
in substances for pharmaceutical use) A} B, G, D, E, FJ GJ

1l,I.

2022

A. 2-[2-[[3-[2-(dimethylamino)ethyl]-IH-indol-5-yl]methyl]­
5-( IH-I ,2,4-triazol-I-yhnethyl) -I H-indol-3-yl]-N,N­
dimethylethanamine,

B. N,N-dimethyl-2-[5-(IH-I,2,4-triazol-I-yhnethyl)-IH­
indol-3-yl]-N-[2-[5-( IH-I ,2,4-triazol-Ivylmethylj-IH­
indol-3-yl]ethyl]ethanaminium,

C. N,N-dimethyl-2-[5-(IH-I,2,4-triazol-l-yimethyl)-IH­
indol-2-yl]ethanamine,

D. N,N,N-triethyl-2-[5-(IH-I,2,4-triazol-I-ylmethyl)-IH­
indol-3-yl]ethanaminium,

o
0",11

N rrf CH

'

\1~~~
N-CH3

H3C'

E. N,N-dimethyl-2-[1-(methylsulfonyl)-5-(IH-1,2,4-triazol-I­
yhnethyl) -I H-indol-3-yl]ethanamine,

Ni ) CY)
\_N~~~

OH

F. 2-[5-(IH-I,2,4-triazol-I-ylmethyl)" IH-indol-3-yl]ethanol,

Ni CY)
\_N~~~

CI

G. 3-(2-cWoroethyl)-5-(IH-I,2,4-triazol-l-ylmethyl)-IH­
indole,
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2022 Rocuronium Bromide II-843

PhE" _

Specific optical rotation (2.1.7)
+ 28.S to + 32.0 (anhydrous substance).

Dissolve 0.250 g in a 5.15 gIL solutionof hydrochloric add R
and dilute to 25.0 mL with me same solution.

pH (2.2.3)
8.9 to 9.5 for solution S.

Related substances
liquid chromatography (2.2.19).

Solven'mixture wal<r R, acetonitrile Rl (10:90 VIV).
Testsolution Dissolve 0.100 g of me substance to be
examined in the solventmixture and dilute to 10.0 mL with
me solvent mixture.
Reference soituion (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.OmL with the mobile phase.
Reference solution (b) Dissolve S mg of rocuronium for peak
idenufication CRS (containing impurities A, B, C, F, G
and II) in the solventmixture and diluteto 5.0 mL with the
solvent mixture.
Column:
- size: f;;;; 0.25 rn, 0 = 4.6 IDOl;
- stationary phase: sili<a gelfor chromatography R (S pm);
- temperature: 30 ·C.

Mobile phase Mix 10 volwnes of a 4.53 gIL solution of
tetramethylammonium hydroxide R adjusted to pH 7.4 with
phosphorit acidRand 90 volumes of acetonitrile Rl.
Flow ral< 2.0 mlJmin.

Detection Spectrophotometer at 210 nm.

lnjection S ~L.

Run time 2.5 times me retention time of rocuronium.
Identification oj impuriues Use the chromatogram supplied
with rocuronium for peak identification CRS and the
chromatogram obtained withreference solution(b) to
identify the peaksdue to impurities A, B, C, F, G and H.

Relativeretendon With reference to rocuronium (retention
time = about 9 min): impurity A ;;;; about0.2;
impurity G =about 0.4; impurity F =about 0.7S;
impurity B =about 0.80; impurity H =about 0.9S;
impurity C =about 1.2.

SystemsuiUlbi/ity Reference solution (b):
- peak-to-1Jalley ratio: minimum 3.0, where Hp ;;;; height

above me baseline of the peakdue to impurity H and
H; ;;;; height above the baseline of the lowest point of the
curve separating this peakfrom the peakdue to

rocuronium.
Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 0.5;
impurity F =1.3; impurity G =0.4; impurity H =0.4;

- impun'ties A, B, C: for each impurity, not more than twice
the area of the principal peak in the chromatogram
obtainedwith reference solution(a) (0.2 per cent);

- impurities F, G, H: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(O.IS per cent); .

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 percent);

- total: not more than 10 times the area of theprincipal
peakin the chromatogram obtained withreference
solution (a) (1.0 per cent);

**** ** ** ****

J19301-91-9610

(Ph. Bur. monograph J764)

Rocuronium Bromide

Action and use
Non-depolarizing neuromuscular blocker.

DEFINITION
1-[17fl-Acetoxy-Sc-hydroxy-2fl-(morpholin-4-yl)-Sa­
androstan-16fl-yIJ-I-(prop-2-enyl)pyrrolidiniwn bromide.

Content
99.0 per cent to 101.0 per cent (anhydroussubstance).

CHARACTERS
Appearance
Almost whiteor pale yellow, slightly hygroscopic powder.

Solubility
Freelysoluble in water, very solublein methylene chloride,
freely soluble in anhydrous ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.2<f).

Comparison rocuronium bromide CRS.
B. Solution S (see Tests) gives reaction (a) of bromides
(1.3.1).

TESTS
Solution S
Dissolve 0.10 g in carbon dioxide-free waterR and dilute to
10 mL with the samesolvent.

Appearance of solution
Solution S is dear (2.2.1) and not more intensely coloured
than reference solution BYj (2.2.2, Method fl).

____________________ PhE"

I. N-methyl-2-[S-(IH-I,2,4-triazol-I-ylrnethyl)-1H-indol-3­
yl]ethanamine.

H. N,N-dimethyl-2-[S-(IH-I,2,4-triazol-I-ylmethyl)-IH­
indol-3-yl]ethanamine N-oKide,
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11-844 Rocuronium Bromide

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent); disregard any peak eluting before
impurity A.

Chlorides
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance (Q be
examined in waterR and dilute to 20.0 mL with the same
solvent.

Reference solurion (a) Dissolve 0.644 g of sodium bromide R
and 0.824 g of sodium chloride R in waterR and dilute to
1000.0 mL with the same solvent. Dilute 1.0 mL of the
solution to 50.0 mL with water R.
Reference solmion (b) Dissolve 0.824 g of sodium chloride R
in waterR and dilute to 1000.0 mL with the same solvent.
Dilute 5.0 mL of the solution to 50.0 mL with waterR.
Dilute 2.0 mL of this solution to 50.0 mL with waterR.
Blank solution waler R.

Precolumn:
- size: / == 0.05 m, 0 = 4.0 mm;
- stationary phase: anion-exchange resin R (13 ....m).
Column:
- size: 1== 0.25 m, 0 == 4.0 mm;
- stationary phase: anion-exchange resin R (13 J.1m).
Mobile phase A solution containing 0.063 gIL of sodium
hydrogen carbonate Rand 0.212 gIL of anhydrous sodium
carbonate R.
Flaw rate 2.0 mUmin.

Detection Conductivity detector set at 100 ....SN and
maintained at 30 "C.
Use a self-regenerating anion suppressor.
Injurion 25 f1L.
Retention times Chloride == about 1.7 min;
bromide » about 2.8 min.
System suitabilily Reference solution (a):
- resolution: minimum2.5 between the peaksdue to

chloride and bromide.
Limit:
- chlorides: not more than 0.5 times the area of the principal

peakin the chromatogram obtainedwith reference
solution (b) (0.1 per cent).

2-Propanol (2.4.24, System A)
Maximwn 1.0 per cent.

Water (2.5.12)
Maximum 4.5 per cent, determined on 0.400 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 gin 40 mL of glacial acetic acidR. Titrate
with 0.1 M perchiotic acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perch10rie acid is equivalent to 60.97 mg
of CnH53BrN204'

STORAGE
In an airtight container, protected from light, at a
temperature below -15 °C.

IMPURITIES
Specified impur*ies A, B) C, F, G, H.
Otherdetectable impun"ties (thefollowing substances would, if
present at a sufficient level) be detected by oneorother of tire tests
in the monograph. They are timeed by thegeneral acceptance

2022

ctitetion for otherlunspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
there/ore not necessary to identify these impun"ties for
demonstration of compliance. Seealso 5"10. Control of impurities
in substances forpharmaceutical use) D, E.

A. 3a-hydroxy-2 ~-(mo£pholin-4-yl)-16~-(pyrrolidin-I-yl)-5a­

andrcsran-Jvp-yl acetate,

B. 1-[3%17~-diacetoxy-2~-(mo£pholin-4-yl)-5a-andsostan­

16~-yl]-I-(Prop-2-enyl)pyrrolidinium,

CH3
0 H

O~lt&Y.cH --.HO
N: . ~. . H

H H
HO'-: CH

H H '

C. 1-[3a,17Jl-dihydsoxy-2~-(mo£pholin-4-yl)-5a-androstan­
16~-yl)-I-(Prop-2-enyl)pyrrolidinium,

D. 1-[3c<-acetoxy-17Jl-hydroxy-2Jl-(mo£Pholin-4-yl)-5a­
androstan-16Jl-Yl]-I-(prop-2-enyl)pyrrolidinium,

E. 1-[17Jl-acetoxy-3a-hydroxy-2~-(pyrrolidin-I-yl)-5a­
andsostan-16 Jl-yl)-I-(prop-2-enyl)pyrrolidinium,
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2022 Ropinirole Hydrochloride II-845

____________________ PhElI

Time MoblIe phase A Mobile phase B
(min) (per cent JIm (per cent JIM
0-15 92 8

15 - 30 92 ..... 80 8 -+ 20

30 - 50 80 ..... 60 20 -+ 40

50 - 75 60 40

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ropinirole hydrochloride CRS.
B. It gives reaction (a) of chlorides (2.3./).

TESTS
Related substances
Liqnid chromatography (2.2.29).

Test solution (aJ Dissolve, using sonication, 50.0 mg of the
substance to be examined in 4 mL of mobile phase Band
dilute to 25.0 mL with mobile phase A.
Test solution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with mobile phase A.
Reference solution (aJ Dissolve, using sonication, 7.5 mg of
ropinirole impun·cy A CRS and 5.0 mg of the substance to be
examined in 16 mLof mobile phase B and dilute to
100.0 mL with mobile phase A.
Reference solution (b) To 1.0 mL of reference solution (a)
add 4 mL of mobile phase B and dilute to 25.0 mL with
mobile phase A.
Reference solution (e) Dissolve, using sonication, 50.0 mg of
ropinirole hydrochloride CRS in 4 mL of mobile phase Band
dilute to 25.0 mL with mobile phase A. Dilute 1.0 mL of the
solution to 20.0 mL with mobile phase A.
Reference solution (d) Dissolve 5.0 mg of ropinirole for peak
Ukntification 1 CRS (containing impurity D) in mobile
phase A and dilute to 5.0 mL with mobile phase A.
Reference solution (e) Dissolve 5.0 mg of ropinirole for peak
Ukntification 2 CRS (containing impurities G aod H) in
mobile phase A and dilute to 5.0 mL with mobile phase A.

Reference solution (f) Dissolve 5.0 mg of ropiniro/e for peak
Ukntification 3 CRS (containing impurity E) in mobile
phase A and dilute to 5.0 mL with mobile phase A.
Column:
- size: I =0.25 m, 0 =4.6 mrn;
- stationary phase: end-capped octylsilyl silica gelfor

chromatography R (5 1Il1l);
- temperature: 40 "C.
Moln7e phase:
- mobile phaseA: dissolve 3.85 g of ammonium acetate R in

950 mL of waterfor chromatography R, adjust to pH 2.5
with dilutephosphotic acid R and dilute to 1000 mL with
waterfor chromatography R;

- mobile phaseB: me/hanol R. acetonitrile RI (30:70 VfIl);

91374-20-8
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Action and use
Dopaminereceptor agonist.

•

Ropinirole Hydrochloride

H. 1-[17Jl-acetoXY-2-(morpholin-4-YI)-3-oxo-5a-aodrost-l-en­
16Jl-yl]-I-(prop-2-enyl)pyrrolidinium.

(Ph. Bur. monograph 2604)

G. 2p-(morpholin-4-yi)-16Jl-(pyrrolidin-I-yl) -Sc-androstane­
3a,17p-diol,

F. 1-[3«,17p-acetoxy-2p-(pyrrolidin-I-yl)-5a-aodrostan-16p­
yl]-I-(prop-2-enyl)pyrrolidinium,

PhE" _

DEFINITION
4-[2-(Dipropylamino)ethyl]-1,3-dihydro-2H-indol-2-one
hydrochloride.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish, crystalline powder.

Solubility
Freely soluble in water and in methanol, slightly soluble in
ethanol (96 per cent), practically insoluble in heptane.

Flowrate 1.0 mllmin.

Detection Spectrophotometer at 250 run.
Injection 10 J,tL of test solution (a) and reference
solutions (a), (b), (d), (e) and (I).

Identification of impieities Use the chromatogram obtained
with referencesolution (a) to identifythe peakdue to
impurity A; use the chromatogram supplied with ropinirole for
peak identificarion 1 CRS and the chromatogram obtained
with reference solution (d) to identify the peak due to
impurity D; use the chromatogram suppliedwith ropinirole for
peak identification 2 CRS and the chromatogram obtained
with reference solution (e) to identify the peaks due to
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II-846 Ropinirole Hydrochloride

impurities G and H, use the chromatogram supplied with
ropiniro/e for peak identification 3 CRS and the chromatogram
obtained with reference solution (1) to identify the peak due
to impurity E.
Relative retention Withreference to ropinirole (retention
time = about 30 min): impurity D = about 0.5;
impurity A = about 0.9j impurity E = about 1.1i
impurityH = about I.2j impurityG = about 1.4.

System suitability;
- resolution: minimum 3.0 between the peaks due to

impurity A and ropinirole in the chromatogram obtained
with reference solution (a);

- signal-to-noise ratio: minimum 60 for the peak due [0

ropinirole in the chromatogram obtained with reference
solution (b).

Calculation of percentage conte1llS:
- correction faaon: multiply the peakareas of the following

impurities by the corresponding correctionfactor:
impurity G =2.7; impurity H =0.5;

- for impurity A, use the concentration of impurity A in
reference solution (b);

- for impurities other than A] use the concentrationof
ropinirole hydrochloride in reference solution (b).

Limits:
- impurities A] D] EJOJ H: for each impurity] maximum

0.15 per cent;
- unspecified impurities: for each impurityJ maximum

0.10 per cent;
- total: maxirnwn 0.5 per cent;
- repqning threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.5 per cent] determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances with the following modifications,
Mobile phase Mobile phase B, mobile phase A (19:81 VW).

Injection Test solution (b) and reference solution (c).
Calculate the percentage content of CHJ-I25C1N20 taking
into account the assignedcontent of ropinirole
hydrochloride CRS.

IMPURITIES
Specified impunues A J DJEJ OJ H.
Otherdetectable impuriries (the following substances would, if
present at a sufficient levelJ be detected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
cntetion for other/unspecified impun·ties and/orby thegeneral
monograph Subslances for phatmaceuucal use (2034). 1, is
therefore not neussary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impun'tie.s
in substances for pharmaceutical use) BJ CJ F.

A. 4-[2-(dipropylamino)ethyl)-IH-indole-2,3-<lione,

2022

B. 4-[2-[(2-methylpentyl)amino]ethyl]-1,3-dihydro-2H-indol­
2-oneJ

c. (3Z)-4-[2-(dipropylamino)ethyl]-3-propylidene-1,3­
dihydro-2H-indol-2-one,

D.4-[2-(propylamino)ethyll-I,3-dihydro-2H-indol-2-one,

E.4-[2-(dipropylamino)ethyl]-3-methylidene-l,3-dihydro­
2H-indol-2-one,

l~O

~OH
F. 4-(2-bydroxyethyl)-1,3-dihydro-2H-indol-2-one,

G.4-[2-(dipropylamino)ethyl]-IH-indole,

H. (3Z)-4- [2-(dipropylamino )ethyl]-3-(hydroxyimino)-1,3­
dihydro-2H-indol-2-one.
___________________ P1>E"
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DEFINITION
H-(2S)-N-(2,6-Dimethylphenyl)-I-propylpiperidine-2­
carboxamide hydrochloride monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance),

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water and in ethanol (96 per cent), slightly soluble
in methylene chloride.

IDENTIFICATION
Carryout either tests A; CJ D or tests A, B, C.

A. Iufrared absorption spectrophotometry (2.2.2</).

Comparison ropivacaine hydrochloride monohydrate CRS.
B. Specific optical rotation (2.2.7): -74.0 to -64.0
(anhydrous substance).

Mix 2 mL of a 200 gIL solution of sodium hydroxUk Rand
30 mL of waterR and dilute to 100.0 mL with ethanol
(96 per cent) R (solution A). Dissolve 0.500 g of the
substance to be examined in solutionA and dilute to
50.0 mL with solution A.
C. It gives reaction (a) of chlorides (2.3.1).

D. Enantiomericpurity (see Tests).

TESTS
Solution S
Dissolve 0.50 g in carbon dioxide-free waterR and dilute to
25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1).

pH (2.2.3)
4.5 to 6.0 for solution S.

Absorbance (2.2.25)
Maximum 0.030 at 405 nm and maximum 0.025 at 436 nm,
determined on solution S prepared immediately before use,
with a path lengthof 5 cm and usingwaterR as the
compensation liquid.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 55 mg of the substance to be
examinedin the mobilephase and dilute to 20 mL with the
mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution [0

100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

2022

Ropivacaine Hydrochloride
Monohydrate
(Ph. Eur. monograph 2335)

J:~)D .HCI.~O
U 0 ~CH,

CH,

328.9

Action and use
Local anaesthetic.

".• •
* *
*****

132112-35-7

Ropivacaine Hydrochloride Monohydrate 11-847

Reference solution (b) Dissolve 5 mg of the substance to be
examined and 5 mg of buoiuacaine hydrochloride CRS
{impurity A) in the mobile phase and dilute to 5 mL with the
mobile phase. Dilute I mL of this solution to 100 mL with
the mobilephase.
Column:
- size: 1= 0.15 m, 0 = 3.9 mm;
- stationary phase: spherical end-capped O<ladecylsilyl silica gel

for chromatography R (4 pm).

Mobile phase Mix 1.3 mL of a 138 gIL solution of sodium
dihydrogen phosphate Rand 32.5 mL of an 89 gIL solution of
disodium hydrogen phosphate dodecahydrate R and dilute to
1000 mL with waterR; mix equalvolumes of this solution
(pH 8.0) and acetonimle R.
Flow rate 1.0 mUmin.

Injection 20!!L.
Detection Spectrophotometer at 240 nm.

Run time 2.5 times the retention time of ropivacaine.
Rdative retention Withreference to ropivacaine (retention
time = about 6 min): impurity A = about 1.6.

System suitability Reference solution (b):
- resolution: minimwn 6.0 between the peaks due to

ropivacaine and impurity A.
Limits:
- impun·ty A: not more than twice the area of the principal

peakin the chromatogram obtained with reference
solution (a) (0.2 per cent);

- unspecified impuruies: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- rota/: not more than 5 times the area of theprincipal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of me principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

ImpurityH
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Test solution Dissolve 0.100 g of me substance to be
examined in the mobilephase and diluteto 10.0 mL with
the mobile phase.
Reference solution Dissolve 13.0 mg of 2,6-dimethylam1ine
hydrochloride R in the mobile phase and dilute to 100.0 mL
with me mobile phase.Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Retention rime Impurity H = about 2-3 min.
Limit:
- impun·ty H: not more than the area of the principal peak

in the chromatogram obtained with the reference solution
(10 ppm).

Enantlomerlc purity
Capillary electrophoresis (2.2.47): use the normalisation
procedure.
Test solution Dissolve 50 mg of the substance to be
examined in water R and dilute to 25 mL with the same
solvent.
Reference solution (aJ Dilute 1.0 mL of the test solutionto
200.0 mL with waterR.
Reference solution (b) Dissolve 1.5 mg of the substance to be
examined and 1.5 mg of ropiuacame impurity G CRS In
waterR and dilute to 100 mL with the same solvent.
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Capillary:
- material: fused silica;
- size: effective length =about 72 em, total length = 80 em,

0= 50 pm.

Temperature 30"C.

CZE buffer Prepare a 13.3 gIL solution of dimethyl-fJ­
cydodexoin R in an 11.5 gIL solution of plw,phoric acidR
previously adjusted to pH 3.0 with triethanolamine R.
The CZE buffer is prepared and filtered through a
membrane filter(nominal pore size 0.45 JAm) immediately
before use.
Delation Spectrophotometer at 206 run.

Preconditioning oj the capiJkJry Rinse the capillary at 100 kPa
withwaterR for 1 min) with 0.1 M sodium hydroxide for
10 min and with waler R for 3 min. If the capillary is new or
dry) increase the sodium hydroxide rinse to 30 min.
Betueen-run rinsing Rinse the capillary at JOO kPa with
water R for 1 min, with 0.1 M sodium hydroxide for 4 min,
with water R for 1 min and with the CZE buffer for 4 min.

Inj«uon Under pressure (5 kPa) for 5 s.

Migration Apply a field strength of 375 Vlcm with an initial
rampof 500 VIs and a positivepolarity corresponding to a
current of 4(}'45 1'1\.
Run time 30 min.
System suitability:
- resolution: minimum3.7 between the peaksdue to

impurity G (I" peak) and (S)-ropivacaine in the
eleetropherogram obtainedwith reference solution(b)j
if necessary, increase the dimethyl-Bscyclodextrin
concentration in the CZE buffer or vary the pH between
2.9 and 3.1 or lower the temperature;

- signal-eo-noise ratio: minimum 10 for the principal peakin
the eleetropherogram obtainedwith reference solution (a).

Limit;
- impurity G: maximum 0.5 per cent.

Water (2.5.12)
5.0 per cent to 6.0 per cent, determined on 0.100 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in a mixture of 10 mL of water Rand
40 mL of ethanol (96 percent) R. Add 5.0 mL of O. 01 M
hydrochlon'c add. Carryout a potentiometric titration (2.2.20),
using 0.1 M sodium hydroxide. Read the volume added
between the 2 points of inflexion.
I mL of 0.1 M 'odium hydroxide is equivalent to 31.09 mg
of C17H27CIN20 .

IMPURITIES
Specified impurities A, G, H.

Otherdetectable impurities (the JoIlowing sub'tances would, if
present at a sufficient level, be detected by oneor other of tire tests
in the monograph. They arelimited by the general acceptance
criterion for otherlunsp«ijied impurities andlor by the general
monogroph Sub,tances Jorphamraceutical use (2034). It is
therefore notnecessary to identify these impuniies for
demonstration oj compliance. See also 5.10. Control oj impunlies
in substances forpharmaceutical use) B, C, D, E, F.

2022

A. (S)-bupivacaine,

CH, ~ H ('lex Ir~~)
'" I 0CH,

B. (-)-(2S)-N-(2,6-d.imethylphenyl)piperidine-2­
carboxamide,

C. (-)-(2S)-N-(2,6-d.imethylpbenyl)-I-methylpiperidine-2­
carboxamide ((S)-mepivacaine),

D. (-)-(2S)-N-(2,6-dimethylphenyl)-I-ethylpiperidine-2­
carboxamkle,

E. (-)-(2S)-N-(2,6-dimethylphenyl)-I(l­
methylethyl)piperidine-2-carboxamide,

F. (8aS)-2-(2,6-dimethylphenyl)-3,3­
dimethylhexabydroimidazo[I,5-a)pyridin-I(5H)-one
(acetone adduct),

G. (+)-(2R)-N-(2,6-d.imethylphenyl)-I-propylpiperidine-2­
cerboxamlde ((R)-ropivacaine),

H.2,6-d.imethylaniline.
____________________ "'Ell
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PhE" ,---- _

Action and use
H~IG Co-A reductase inhibitor; lipid-regulating drug.

Preparation
Rosuvastatin Tablets

Run time 2.6 times the retention time of rosuvastatin.

Identification of impun"cies Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity G.
Relativeretention With reference to rosuvastatin (retention
time =about 29 min): impurity G =about 0.9.

System su;Ulbility Referencesolution (b):
- resolution: minimum 1.5 between the peaks due to

impurityG and rosuvastatin.
Calculation of percentage content:
- for impurity G, use the concentration of rosuvastatin

calcium in reference solution (a).
Limit:
- impurity G: maximum 0.15 per cent.

Impurity L
Liquid chromatography (2.2.29). Cany out the test protected
from light.
Solventmixture acetonitrile R, waterR (50:50 VIV).

Test solutwn Dissolve 20.0 mg of me substance to be
examined in 50 mL of acetonitrile R and dilute Co 100.0 mL
with water R.
Reference solution (a) Dissolve 5 mg of rosuvastatin for
impurity L idemijiCluion CRS in 10 mL of acetonitrile Rand
dilute to 20 mL with waterR.
Reference solution (b) Dilute 1.0 mLof the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: end-capped solid tore o<:rylti/yl silica gelfor

ehroma",graphy R (2.7 um).

MoMe phase To 650 mL of a 0.02 per cent VIV solution of
tnfluoroaceiU acid R, add 350 mL of a mixrnre of 1 volumeof
ethanol (96 percenO Rand 2 volumes of acetonitrile for
ehromatography R.
Flow rate 0.7 mllmin.
Detection Spectrophotometer at 243 nm.
Injection 10 ul.,
Run time 3 times the retention time of rosuvastatin.
Identification 0/impurities Use the chromatogram supplied
with rosuvastatin for impuniyL identification CRS and the
chromatogram obtained with reference solution (a) to
identify the peak due to impurity L.
Relalive retention Withreference to rosuvastatin (retention
time =about 22 min): impurity L =about 1.1.

System suitability Reference solution (a): .
- peak-to-val/ey ratio: minimum 2.5, where Hp = height

above the baseline of me peakdue to impurity Land
H; = height above the baseline of the lowest point of the
curve separating this peakfrom the peakdue to
rosuvastatin.

Calculation of percentage contenr.
- correction factor: multiply the peakarea of impurity L by

1.8;
- for impurity 1., use the concentration of rosuvastatin

calcium in reference solution (b).

Limit:
- impun"cy L: maximum 0.15 per cent.

Related substances
Liquid chromatography (2.2.29). Cony out the testprotected
from light and prepare thesolutions immediately before use.
So/venl mixture acetonitrile R, waterR (25:75 VIV)"

**** ** ** ****

147098-2{}-21001

ca"

F

'"

Rosuvastatin Calcium
(Ph. Eur. monograph 2631)

DEFINITION
Calcium bis[(3R,5S,6E)-7-[4-(4-f1uorophenyl}-2-(N­
methylmethanesulfonamido}-6-(propan-2-yl}pyrimidin-5-yl]­
3,5-<1ihydroxyhept-6-enoate].

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white, hygroscopic powder.

Solubility
Slightly soluble in water, freely soluble in methylene chloride,
practically insoluble in anhydrous ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison rosuvastatin calcium CRS.
B. Enantiomericpurity (see Tests).
C. It gives reaction (b) of calcium (2.3.1).

TESTS
Enantiomerlc purity
Liquid chromatography (2.2.29). Cany out the testprotected
from light.
Solvem mixture acetonitrile R, warerR (25:75 VIV).

Testsolution Dissolve 25.0 mg of the substance to be
examined in 6 mL of acetonitrile R and dilute to 25.0 mL
withwaterR.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution £0 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve the contents of a vialof
rosuvastatin impun"lY G CRS in 1 mL of the test solution.
Column:
- size: / = 0.15 m, <2' = 4.6 rnm;
- stationary phase: cellulose derivative ofsilica gelfor chiral

separation R (5 urn);
- temperature: 35 "C.
lWobile phase acetonitrile for chromatography R,
0.1 per cent VIV solution of trifluoroaceti< acidR (25:75 VIV).

Flow rate 0.5 mUmin.
Detection Spectrophotometer at 242 run.

Injection 10 ~L.
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Test so/wion Dissolve 35.0 mg of the substance to he
examined in 12 mL of acetonitrile R and dilute to 50.0 mL
with water R.

Reference solution (a) Dissolve 35.0 mg of rosuvastatin
calcium CRS in 12 mL of acetonitrile R and dilute to 50.0 mL
withwater R.

Reference solutian (b) Dilute 1.0 mL of the test solution 10

100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference solution (c) Dissolve 7 mg of rostnmstatin for SYStem
suitabilily CRS (containing impurities A, B and C) in 2.5 mL
of acetonimle R and dilute to 10 mL with waterR.
Reference solution (d) Dissolve the contentsof a vial of
rosuvastatin impuritymixture CRS (impurities D and K) in
1 mL of the solvent mixture.
Reference solution (e) Dissolve 7 mg of tonnmstatin for peak
identification CRS (containing impurity M) in 2.5 mL of
acetonitrile R and dilute to 10 mL with waterR.

Column:
- size: ,;;;; 0.15 m, 0 = 3.0 mm;
- stationary phase: base-deactivated end-capped octade<yhilyl

silica gelfor chromruography R (3 pm);
- remperaturt: 40 "C.

MoMe phase:
- mobile phaseA: 1 per cent VIVsolution of tnjluoroacetic

acid R, acetonitrile for chromatography R, waterfor
chromatography R (1:29:70 VIVIJI);

- mobile phaseB: 1 per cent vrv solution of trifiuoroa«tic
acidR, wawfor chromatography R, acetonitn'k for
chromatography R (1:24:75 VIVIV);

Too. Mobile phase A MobUe phase B
(mIn) (per cent VIII) (per cent VIP)

0-30 100 0
30 - 50 100 ..... 60 0 ....... 40

50-60 60 ..... 0 40 ....... 100

60-70 0 100

- for eachimpurity, use the concentration of rosuvastatin
calcium in reference solution (b).

Limits:
- impuniy c: maximum 0.8 per cent;
- impurity B: maximum 0.5 per cent;
- impun"ty A: maximum 0.2 percent,
- impuniies D, K, M: foreach impurity, maximwn

0.15 percent;
- unspecified impurities: foreach impurity, maximwn

0.10 percent;
- tolal: maximum 1"2 per cent;
- reporting threshold: 0.05 per cent.

Waler (2.5.12)
Maximum 6.1 per cent, determined on 0.100 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solutionand reference solution (a).
Calculate the percentage contentof C44Hs4CaF2N60lZSZ
taking inroaccount the assigned content of rosuvastatin
calcium CRS.

STORAGE
In an airtight container) protected from light, at a
temperature of 2 °C to 8°C.

IMPURITIES
Specified impuruies A, BJ C, D, G, K, L~ M.
Otherdetectable impun'ries (thefollowing substances WfJUId, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimited by thegeneral acceptance
ctiterion for other/unspecified impun"ties and/or by thegeneral
monograph Substances for pharmaceuri<aI use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See abo 5.10. Control of impurities
in substances forphannaauticaluse) E, F, J.

F

Co,H

and enenecmer
CH,

Co,H

CH,

F

A. (3R,5S,6E)-7-[2-(2,N-dimethyl-2-hydroxypropane-l­
sulfonamido)-4-(4-lluoropheny1)-6-(propan-2-yl)
pyrimidin-5-yl]-3,5-dihydroxyhept-6-enoic acid,

B. (3RS,5RS,6E)-7-[4-(4-ftuorophenyl)-2-(N­
methylmethanesulfonamido)-6-(propan-2-yl)pyrimidin-5­
yl]-3,5-dihydroxyhept-6-enoic acid,

Fk!wrate 0.75 mUmin.

Detection Spectrophotometer at 242 run.
Injection 10 J.1L of the test solution and reference
solutions (b), (c), (d) and (e).

Identification of impun'ties Use the chromatogram supplied
with romvastau"n for system suitability CRS and the
chromatogram obtained withreference solution (c) to identify
the peaks due to impurities A, Band C; use the
chromatogram supplied with tosuuastatin
impun'ty mixture CRS and the chromatogram obtained with
reference solution (d) to identify the peaks due to impurities
D and K; use the chromatogram supplied with rosuvastatin
for peak identificatUjn CRS and the chromatogram obtained
with reference solution (e) to identify the peakdue to
impurity M.
Relative retention Withreference to rosuvastatin (retention
time = about25 min): impurity M = about 0.8;
impurity A = about 0.9; impurity B = about 1.1;
impurity C = about 1.5; impurity D = about 1.9;
impurity K = about 2.0.

System suitability Reference solution (c):
- resolution: minimum 2.0 between the peaks due to

rosuvastatin and impurity B.
Calculation of percentage contents:
- correction factor. multiply the peak area of impurity C

by 1.4;
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F F

··OH
H

c. (3R,6E)-7 -l4-(4-fluorophenyl)-2-(N­
methylmethanesulfonamido)-6-(propan-2-yl)pyrimidin-5­
yl]-3-hydroxy-5-oxohept-6-enoic acid,

G. (3S,5R,6E)-7-[4-(4-fluorophenyl)-2-(N­
methylmethanesulfonamido)-6-(propan-2-yl)pyrimidin-5­
yl]-3,5-dihydroxyhept-6-enoic acid,

F F

D. N-[4-(4-fluorophenyl)-5-[(IE)-2-[(2S,4R)-4-hydroxy-6­
oxooxan-2-yl]ethen-l-yl]-6-(propan-2-yl)pyrimidin-2-yl]­
N-methylmethanesulfonamide,

H OH

F

J. (3R,5S,6E)-7-[4-(4-fluorophenyl)-2-[(1E)-2-[4-(4­
fluorophenyl)-2-(N-methyhnethanesulfonamido)-6­
(propan-2-yl)pyrimidin-5-yl]-N-methylethene-I­
sulfonamido]-6-(propan-2-yl)pyrimidin-5-yl]-3,5­
dihydroxyhept-6-enoic acid,

K. (25,5S,6E)-7 -[4-(4-fluorophenyl)-2-(N­
methylmethanesulfonamido)-6-(propan-2-yl)pyrimidin-5­
yl]-5-hydroxyhepta-2,6-dienoic acid,

--OH

H

Co,H

F

CH,

F

E. (3R,5S, 6E)-7-I4- (4-fluorophenyl)-2- [(25)-2-[4-(4­
fluorophenyl)-2-(N-methylmethanesulfonamido)-6­
(propan-2-yl)pyrimidin-5-yl]-2-hydroxy-N-methylethane­
I-sulfonamido]-6- (propan-z-yljpyrimidin-5-yl]-3,5­
dihydroxyhept-6-enoic acid,

F F

OH

OH

F. tert-butyl[(4R,6S) -6- [(I E)-2- [4-(4-fluorophenyl)-2-(N­
methylmethanesulfonamido)-6-(propan-2-yl)pyrimidin-5­
yl]ethen-I -yl]-2,2-dimethyl- I,3-dioxan-4-yl]acetate,

L. (35,55)-7-[4-(4-fluorophenyl)-2-(N­
methylmethanesulfonamido)-6-(propan-2-yl)pyrimidin-5­
yl]-3,5-dihydroxyheptanoic acid,
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____________________ PhE"

PhE" ~ _

Rotigotine

Test solution Dissolve 10 mg of the substance to be
examined in solution B and dilute to 10 mL with solution B.
Reference solution Dissolve 2 mg of racemic rotigotine CRS in
1 mL of solutionB.

Column:
- size: I;;;; 0.25 m, 0 ::::; 4.6 rom;
- stationary phase: ceUulose derivative of silica gelforchiral

separation R (10 um),

Mobile phase diethylamine R, solutionA, heptane R
(0.1:2:98 VIV/V).
Flow rate 1.0 mlimin.
Detection Spectrophotometer at 225 run.

Injection 10 ~L.

Run time 1.5 times the retention time of rotigotine.
Relativeretention Withreference to rotigotine (retention
tinie =about 22 min): impurity A =about 0.9.

Systemsuitability Reference solution:
- resolution: minimum 1.5 between the peaks due to

impurity A androtigotine.
Limit:
- impurity A: maximum 0.15 per cent, calculate the ratio of

the area of the peakdue to impurity A to the sum of the
areas of the peaksdue to rotigotine and impurity A.

Related substances
Liquid chromatography (2.2.29).

Solution A 0.1 per cent VIV solutionof Inftu()YO{ltetk acidR.
Solution B 0.1 per cent VIVsolution of trijluoroauric acidR
in aawnitrile R.
Testsolution (a) Suspend 30.0 mg of the substance to be
examined in 2.5 rnL of solution B and add 20 rnL of
solution A. Sonicate for at least20 min, shaking vigorously at
5 min intervals, until dissolution is complete, then dilute to
50.0 rnL with solution A.
Testsolution (b) Dilute 1.0 mL of test solution (a) to
10.0 rnL with solution A.
Reference solution (a) Suspend 33.0 mg of rotigotine
hydrochloride CRS in 2.5 rnL of solution B and add 20 rnL of
solution A. Sonicate for at least20 min, shaking vigorously at
5 min intervals, until dissolution is complete, then dilute to
50.0 rnL with solution A. Dilute 1.0 rnL of this solution to
10.0 rnL with solution A.
Reference solution (b) Suspend 3 mg of rorigou"ne
impurity B CRS, 5 mg of ro,igotine impurity C CRS, 5 mg of
rougouire impuniy G CRS and 3 mg of rotigotine
impurity H CRS in 5 rnLof solution B and add 40 mL of
solution A. Sonicate forat least20 min, shaking vigorously at
5 min intervals, until dissolution is complete, then dilute to
100.0 rnL with solution A. Dilute 1.0 rnL of this solution to
50.0 rnL with solution A
Referenasolucion (c) To 1.0 rnL of test solution (a) add
5 rnL of solution B and dilute to 100.0 rnLwith solution A.
Dilute 1.0 rnL of this solution to 10.0 rnL with solution A.
Column:
- size: 1= 0.15 m, 0 = 4.6 rom;
- stationary phase: end-capped extra-dense bonded octylsilyl silica

gelfor chromawgraphy R (5 ~m);

- temperature: 40 "C.

Mobile phase:
- mobile phase A: tn"jfuoTO!lCetic acidR, waterfor

chromawgraphy R (0.3: 1000 VIV);
- mobile phaseB: mJluoroautic acid R) acerom·tri!e for

chromawgraphy R (0.2:1000 VIV);

99755-59-6

····00

H

315.5

(Ph. Bur. m""ograph 3014)

C19H,,NOS

M.(3R,5S,6E)-7-[2-(N-methylmethanesulfonamido)-4­
phenyl-6-(propan-2-yl)pyrimidin-5-yl)-3,5-dihydroxyhept­
6-enoic acid,

Action and use
Dopamine D2 receptor agonist; treatment of Parkinson's
diseaseand restless legs syndrome.

Preparation
Rotigotine Transdermal Patches

DEFINITION
(65) -6-[Propyl [2-(thiophen-2-yl)ethyl)amino]-5, 6,7,8­
tetrahydronaphthalen-J-ol.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or light brown powder.

Solubility
Practically insoluble in water, soluble in anhydrous ethanol,
very slightly soluble in heptane.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison rou"gotine CRS.
If the spectra obtained in the solid stateshow differences,
dissolve the substance to be examinedand the reference
substance separately in anhydrous ethanol R, evaporate to
dryness and record new spectra using the residues.
B. Enantiomeric purity (see Tests).

TESTS
Enantlomeric purity
Liquid chromatography (2.2.29).

Solution A merhanol Rl, 2-propanol R, anhydrous ethanol R
(5:5:90 VIVIV).
Solutwn B 0.1 per cent VIVsolution of diethylamine R in
solutionA.
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IMPURITIES
Specified impurities A, B, C, G.

Otherdetectable impurities (tire following sub'lances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They are limitedby the general acceptance
criterion far other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not mxessary to identify these impurities far
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) D, E, F, H, J,J, K

B. (6S)-6-(propylamino)-5,6,7,8-letrahydronapbthalen-l-ol
(desthienylethyl rotigotine),

H H

WN~
OH

H ("'"

()TN~

~ ~J
OIl

C. (6S)-6-[[2-(thiophen-2-yl)ethyl]amino]-5,6,7,8­
tetrabydronapbthalen-I-ol (despropyl rotigctine),

D. (6S)-6-[ethyl[2-(thiophen-2-yl)ethyl]amino]-5,6,7,8­
letrabydronaphthalen-I-ol (ethyl rctlgotine),

E. (2S)-5-hydroxy-N-propyl-N-[2-(thiophen-2-yl)ethyl]­
I,2J3J4-tetrahydronaphthalen-2-amine N-oxide (rotigotine
N-oxide),

F. (6S)-6-(propyl[2-(thiopben-2-yl)ethyl]amino]-5,6,7,8­
tetrabydronaphthalen-I-yl acetate (acetyl rotigotine),

G. (6S)-6-[N,N-bis[2-(thiophen-2-yl)ethyl]amino]-5,6,7,8­
tetrabydronaphthalen-l-ol,

la
18 ---> 50

Mobile phase B
(per cent VIl)

a2
82 ---> 50

Mobile phase A
(per cent VIJI)

Time
(min)

0-2

2 - 24

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 220 run.

Injection 10,...Lof test solution (a) and reference
solutions (b) and (c).

Identification of impun",ies Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities B, C, G and H.

Relative retention With reference to rotigotine (retention
time = about 10 min): impurity B =about 0.2;
impurity C = about 0.6; impurity G = about J.6;
impurity H = about 1.7.

System suitability Reference solution (b):
- resolution: minimum ·1.5 between the peaks due to

impurities G and H.

Calculation of percentage amtetlts:
- for each impurity, use the concentration of rotigotine in

reference solution (c).
Limits:
- impurities C, G: for each impurity, maximum 0.2 per cent;
- impun"cy B: maximum 0.15 per cent;
- unspecified impurities: for each impuriry, maximwn

0.10 per cent;
- total: maximum 0.6 per cent;
- reponing threshold: 0.05 per cent,

Waler (2.5.12)
Maximum 0.20 per cent, determined on 1.00 g.

Sulfaled ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances with the following modifications.

Injection Test solution (b) and reference solution (a).

System suitability Reference solution (a):
- symmetry factor. maximum 2.2 for the principal peak.

Calculate the percentage content of C I9H2SNOS taking into
account the assigned content of rotigotine hydrochlcride CRS
and a conversion factor of 0.8964.

A. (6R)-6-(propyl[2-(thiopben-2-yl)ethyl]amino]-5,6,7,8­
tetrabydronaphthalen-l-ol «R)-rotigotine),
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(dimethylamino)+D-xylohexopyranosyl]oxy]
oxacyclotetradecan-Z-one(erythromycin9-(E)-[O-[(Z­
methoxyethoxy)methyl]oxime]).
Semi-synthetic product derived from a fermentation product.

Content
96.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightly soluble in water, freely soluble in acetone, in
alcohol and in methylene chloride. It is slightly soluble in
dilute hydrochloric acid.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).
Comparison roxithromyct'n CRS.
If the spectra obtained showsdifferences, prepare further
spectra using90 gIL solutions in methylene chloride R.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Methad11).
Dissolve O.Z g in methanol R and dilute to ZO mL with the
samesolvent.

Specific optical rotation (2.2.7)
-93 to -96 (arthydrous substance).

Dissolve 0.500 g in aalone R and dilute to 50.0 mL with the
samesolvent.

Related substances
Liquid chromatography (2.2.29).
Solution A Mix 30 volumes of aatonirn1e R and70 volumes
of a 48.6 gIL solution of ammonium dihydrogen phosphat< R,
adjusted to pH 5.3 with d,7ut< sodium hydroxide solu.on R.
Test solution Dissolve 50.0 mg of the substance to be
examined in solution A and dilute to 25.0 mL with
solution A.
Reference solulwn (a) Dissolve 50.0 mg of roxithromycin CRS
in solution A and dilute to 25.0 mL with solution A.

Reference solulion (0) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with solution A.
Reference solution (c) Dissolve Z.O mg of roxithromycin for
sy<t<m suiw.bilily CRS in solution A and dilute to ,1.0 mL with
solution A. J

Reference solution (d) Dilute 1.0 mL of toluene R to
100.0 mL with aceumitrile R. Dilute O.Z mL of this solution
to Zoo.O mL with solution A.
Column:
- size: 1= 0.15 m, 0 =4.6 nun,
- stationary phase: spherical end-capped ocladecylsi/yl silica gel

for chromatography R (5 urn) with a 10 nm pore size and a
carbon loading of about 19 per cent,

- temperature: 15 "C.

Mobile phase:
- mobile phase A: mix 26 volumes of acetonitrile Rand

74 volumes of a 59.7 gILsolution of ammonium

80214-83-1837

(ph. Eur. monograph 1146)
H3C...

O
...............O<;»:o...

N
H,C
H-·

H,C
CH3 HO"

H,C~----!.."

N/ OH H~-H-··-H'-/C~H"",0

CH,

I. (6S)-6-[propyl[Z-(thiophen-Z-yl)ethyl]amino]-5,6,7,8­
tetrahydronaphthalen-J-yl 4-methylbenzenesulfonate
(rotigotine toluene sulfonic acidester),

H r CH3

~x:r~
~O

J. (ZS)-N-propyl-5-[Z-(thiophen-Z-yl)ethoxy]-N-[Z­
(thiophen -Z-yt)ethyl)-I ,Z,3,4-tetrahydronaphthalen-Z­
amine (rotigotine thienylethyl ether),

H rCH,

WN~
OCH,

H. (ZS)-5-methoxy-N-propyl-N-[Z-(thiophen-Z-yl)ethyl]­
l,2,3,4-tetrahydronaphthalen-2-amine (methoxy
rotigotine),

Q:)
OH

K. 7,8-dihydronaphthalen-I-ol.

Roxithromycin

____________~ PhE'"

PhE'" ~ _

Action and use
Antibacterial.

DEFINITION
(3R,4S,5S,6R,7R,9R, 11S, IZR,13S,14R)-4-[(Z,6Dideoxy-3-G­
methyl-3-o-methyl-<l-L-rib<>-hexopyranosyl)oxy]-14-ethyl-
7,1Z,13-trihydroxy-10- [(E) [(Z-methoxyethoxy)methoxy]
imino]-3,5,7,9, II,13hexamethyl-6-[[3,4,6-trideoxy-3-
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.CH3
; H

pH
CH,

····H
CH,

H,C
H···

H,C

CH, HO'"

J----c..oo ,
H,CqN.... CH3 H'

HO~O'CH3 HO\O
OH oc~ H CH3

CH,

o

HO'N
H,C

H··
H,C

CH3 HO····

H'CQ)CH?O !

·'N/ HO~"o
CH3 HI ... °

OH OCH3 H CH,

CH,

H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
roxithromycin.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A J BJ CJ DJ EJ FJ G, u, I, J.
Otherdetectable impurities (thejollawing sub,tances would, if
present at a sufficient level) bedetected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for olher!unspecrjied impurities and/or by the general
monograph Substances for phormaceudcd use (2034). 1, is
there/ore not necessary to identify these impurities for
demonstration 0/compliance. See also 5.10. Control of impunues
in substances for phannaceutical use) K

A. (3R,4S,5S,6R,7R,9R, lIR,12R,13S,14R)-4-[(2,6-dideoxy­
3-C-methyl-3-D-methyl-(H-ribo-hexopyranosyl)oXY]-14­
ethyl-7 ,12,13-trihydroxy-3,5,7,9,11,13-hexamethyl-6­
[[3,4,6-trideoxy-3-(dimethylamino)+o-xy/o­
hexopyranosyl] oxy]oxacyclotenadecane-2)1O-dione
(erythromycin A),

B. 3-D-de(2,6-dideoxy-3-C-methyl-3-D-methyl-a.-L-ribo­
hexopyranosyl)erythromycin 9-(E)-[O-[(2-methoxyethoxy)
methyl]oxime],

C. erythromycin 9-(E)-oxime,

Tho. Mobile phase A Mobile phase B
(min) (per cent V/l? (per cent VIJI)

0-50 100 0

50 - 51 100 -> 90 0 ...... 10

51 - 80 90 10

80 - 81 90 --> 100 10 --> 0

81·100 100 0

dihydrogen phosphate R, adjusted to pH 4.3 with dilute
sodium hydroxide solution R,

- mobile phaseB: waterR, acetonitrile R (30:70 VIV),

Flow rate 1.1 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 20 111., using an injector maintained at 8°C, of the
test solution and reference solutions (b), (c) and (d).

Relative retention With reference to roxithromycin (retention
time e about 22 min): impurity A = about 0.28;
impurity B =about 0.31j impuriry C =about 0.33;
impurity D =about 0.62; impurity E = about 0.67,
impurity F = about 0.83; impurity G = about 1.15;
impurity K =about 1.7; impurity H =about 1.85;
impurity J = about 2.65; impurity 1= about 3.1.

System suitability Reference solution (c):
- peak.:.w-vaUey rauo: minimum 2.0, where Hp =height

above the baseline of the peak due [0 impurity G and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to
roxithromycin.

Limits:
- impun·cy G: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(1.0 per cent),

- impurities AJ BJ CJ DJ EJ F, HJ IJ J: for each impurity, not
more than 0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.5 per cent),

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(3.0 per cent),

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent). Disregard any peak due to toluene (use
reference solution (d) to identify it).

Water (2.5.12)
Maximum 3.0 per cent) determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances) with the following modifications.

Column:
- size: 1= 0.25 m.

Mobl7e phase .Mix 307 volumes of acetonitrile Rand
693 volumes of a 49.1 gIL solution of ammonium dihydrogen
phosphate R adjusted to pH 5.3 with dilute sodium hydroxide
solution R.

Flowrate 1.5 mIlrnin.

Injection Test solution and reference solutions (a) and (c).

Retention time Roxithromycin = about 12 min.

System suitability Reference solution (c):
- peak-co-vaDey ratio: minimum 1.5) where Hp =height

above the baseline of the peak due to impurity G and

www.webofpharma.com



11-856 Roxithromycin
2022

N....O<;»O...............OCH
J

CH,
,/ H

OH
CH,

····H

CH,

CH,

o 0
H3CO............... '-/ "N

H,C
H···

H,C
CH3 HQ····

I 00 .
H,cqr::cHJ i

N H~OHo
CH3 t{ 0

OH OCH3 H C~

CH,

H. 12-deoxyerythromycin 9-(E)-[O-[(2­
methoxyethoxy)methyljoxime],

.CH,
! H

OH
/ CH3

"'H

CH,

a~o<;»O"'N
H,C
H····

H,C
CH3 HO'"

H,cq)N/C~0 tf
H~OOCH3 l 0

OH OCH3 H c~

CH,

]. erythromycin 9_(E)_[O_[(2_cWoroethoxy)methyl)oxime],

I. 2'_O_[(2_methoxyethoxy)methyljerythromycin 9-(E)-[O­
[(2_methoxyethoxy)methyl]oxime],

CH,
! H

OH
I CH3

····H

CH,

~ ,0 0
~CO' .........,. <:»: '"N

H,C
H'"

H,C
CHJ HO'"

H,cq)CH?O "

N' Ho~Ho.
CH3 H' 0

OH OH HC~

CH,

~ .0 0
H3CQ' <;» ............... 'N

H,C
H"

H,C
CH3 HO····

H'C~)---O0 !

NH Ho~Ho.
CH3 H/"'O

OH OCH3 H CH3

CH,

E. 3"-O-demethylerythromycin 9-(E)-[o-[(2-methoxyethoxy)
methyl]oxime],

D. erythromycin 9_(Z)_[o-[(2_methoxyethoxy)methyl]oxime],

F. 3'-N-demethylerythromycin 9_(E)_[o-[(2_methoxyethoxy)

methyl]oxime],

H3CO~O<;»O",,-/O"'N
H,C
H'··

H,C
CIi, HO'"

H,cq)CH?O i

N' Ho~Ho.
CH3 Hi

OH OCH3

CH,

HO»<:O/'....../O............"O ..... N
H,C
H'"

H,C
CH3 HO'"

H,C~/CH?;---,.~c: H~01H!
OH P

CH,

K. erythromycin 9-(E)-[o-[[2-(hydroxymethoxy)
ethoxy]methyl]oximej.

G. erythromycin 9-(E)-[O-[[(2-methoxyethoxy)
methoxyjmethyljoximej,

--------------------"",'"
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CI

CI

Identification of impurities Use the chromatogram supplied
wil.h rupatadine for system suitability CRS and the
chromatogram obtained with reference solution (b) (Q

identify me peaks due to impurities A and B.
Relativeretention Withreference [0 rupatadine (retention
time = about 17 min): fumaric acid = about 0.1;
impurity A = about 0.6; impurity B = about 0.1.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurities A and B.
Calculation of percentage contents:
- correction factor. multiply the peak area of impurity A by

1.3;
-·[or each impurity, use the concentration ofrupatadine

fumarate in reference solution (a).

Limits:
- impun"ly B: maximum 0.5 per cent;
- impurity A: maximum 0.15 per cent;
- unspecified ;mpun"ties: for each impurity, maximwn

0.10 per cent;
-'- total: maximum 0.7 per cent;
- reponing threshold: 0.05 per cent; disregard the peak due to

fwnaric acid.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo in an oven at 80 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 50 mL ofglacial acetic acidR. Titrate
with 0.1 M perchlon"c acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchkJric acid is equivalent to 11.13 mg of
C,oH,oCIN,O•.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.
Otherdetectable impurisies (the following substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are limited by thegeneral aaepUltlce
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). I, is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Cuntrol of impurities
in substances for phannaceutical use) C.

182349-12-8532.0C#30CIN,O.
PhE" _

DEFINmON
8-Chloro-II-[1-[(5-methylpyridin-3-yl)methyl]piperidin-4­
ylidene ]-6, ll-dihydro-5H-benzo[5,6] cyclohepta[I ,2-b]
pyridine (2E)-but-2-enedioate.

Content
98.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or slightly pinkish powder.

Solubility
Vety slightly soluble in water, sllghtly soluble in anhydrous
ethanol,veryslightly soluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison mpatadine'jumarate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the so/utwns
immediately be/ore use.
So/ventmixture aceumirrile R, mobile phase A (20:80 VIV)o
Test solution Dissolve 32.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solventmixture.
Reference so/utwn (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 3 mg of rupasadine for system
suitability CRS (containing impurities A and B) in the solvent
mixture and dilute to 5 mL with the solventmixture.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-eapped oetaduylsi/yl silica gelfor

chromarcgraphy R (5 pm);
- zemj>erature: 30 "C.

Mobile phase:
- malnle phase A: 1.0 gIL solution of sodium dihydrogen

phosphate munohydrare R in water for chromarcgraphy R;
- mobile phase B: acetonitrile Rt,

(Ph. Eur. monograph 2888)

Rupatadine Fumarate

Tim. Mobile phase A MobUe phase B
(min) (per cent YIP) (per cent Vm
0-2 SO 20

2 - 27 80 ..... 50 20 --> 50

A. 3-[[4-(8-chloro-5,6-<iihydro-llH-benzo[5,6]cyclohepta
[l,2-b]pyridin-II-ylidene)piperidin-l-yl]methyl]-I-(1,2­
dicarboxyethyl)-5-methylpyridin-I-ium,

Flow rare 1.2 mUmin.

Detection Spectrophotometer at 210 nm.
Injection 50 ~L.
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II-8S8 Rutoside Trihydrate 2022

Spectral rang' 210-450 om.

Absorption maxima At 257 om and 358 om.

Specific absorbance at theabsorption maximum at 358 nm
305 to 330 (anhydrous substance).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison rutoside trihydrate CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in methanol R and dilute to 10.0 mL with me same
solvent.
Referena solution Dissolve 25 mg of rutoside lrihydrate CRS
in methanol R and dilute to 10.0 mL with the same solvent.
Plate TLC silkagel G plateR.
Mobile phase butanol R, anhydrous acetic acidR, water R,
merhyl,thy/luton, R, ethyla«late R
(5: 10:10:30:50 VIVIVIVIV).

Applicowm 10 ~L.

Development Over a path of 10 em.

Dryi~g In air.

Detection Spray with a mixture of 2.5 mL offerrie chloride
solution R I and 7.5 mL of a 10 gIL solution of potassium
ferricyanide R and examine for 10 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colourand size to
the principal spot in the chromatogram obtained with the
reference solution.
D. Dissolve 10 mg in 5 mL of ethand (96 percent) R, add
I g of zinc R and 2 mL of hydrochloric acid R1. A red colour
develops.

TESTS
Light-absorbing impurities
The absorbance (2.2.25) is not greater than 0.10 at
wavelengths between 450 om and 800 om.

Dissolve 0.200 g in 40 mL of 2-propanol R. Stir for 15 min,
dilute to 50.0 mL with 2-propanol R and filter.

Substances Insoluble In methanol
Maximum3 per cent.
Shake 2.5 g of the substance to he examined for 15 min in
50 mL of methanol R at 20-25 "C. Filter under reduced
pressure through a sintered-glass filter (1.6) (2.1.2) previously
dried for 15 min at 100-105 "C, allowed to cool in a
desiccator and tared. Wash the filter 3 times with 20 mL of
merhanol R. Dry the filter for 30 min at 100-105 "C. Allow to
cool and weigh. The residue weighs a maximwnof 75 mg.

Related substances
Liquid chromatography (2.2.29).

Test solutWn Dissolve 0.10 g of the substance to be
examined in 20 mL of methanol R and dilute to 100.0 mL
with mobile phase B.

Reference solution (a) Dissolve 10.0 mg of rutoside
lrihydrate CRS in 2.0 mL of merhanol R and dilute to
10.0 mL with mobile phase B.

Referen« solution (b) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with mobile phase B.

Column:
- size: / = 0.25 m, '" = 4.0 mm;
- stationary phase: aay/silyl silica g,1for chromarography R

(5 pm);
- temperature: 30 "C.

250249-75-3
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HO p" OH

H~J:;"o: I
OH OH

HO

OH OH

OH

(ph. Eur. monogroph 1795)

Action and use
Bioflavinoid.

CIQ?~NH
"" N
ee-,

PII&I _

Rutoside Trihydrate

C. 11,11'-[pyridine-3,5-diylbis(methylenepiperidin-I-yl-4­
ylidene)]bis(8-cWoro-6,ll-dihydro-5H-benzo[5,6]cyclohepta
[l,2-b]pyridine).

B.8-eWoro-II-(piperidin-4-ylidene)-6,II-dihydro-5H-benzo
[5,6]cyclohepta [I ,2-b]pyridine,

DEFINITION
3-[[6-D-(6-Deoxy-«-L-mannopyranosyl)-/l-o-glucopyranosyl]
oxy]-2-(3,4-<lihydroxyphenyl)-5,7-dihydroxy-4H-I­
benzopyran-4-one trihydrate.

Content
95.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Yellow or greenish-yellow, crystalline powder.

Solubility
Practically insoluble in water, soluble in methanol, sparingly
soluble in ethanol (96 per cent), pracrica1ly insoluble in
methylene chloride. It dissolves in solutions of alkali
hydroxides.

IDENTIFICATION
First identification: B.
Second identification: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg in methanol R, dilute to
250.0 mL with the same solvent and filter if necessary.
Dilute 5.0 mL of the solution to 50.0 mL with methanolR.

__________________ PII8I
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Mobilephase:
- mobile phaseA: mix 5 volumes of rerrahydrofuran R and

95 volumes of a 15.6 gIL solution of sodium dihydrogen
phosphore R adjusted to pH 3.0 with phosphori< acid R;

- mobile phaseB: mix 40 volumes of retrahydrojuran R and
60 volumes of a 15.6 gIL solution of sodium dihydrogen
phosphore R adjusted 10 pH 3.0 with phosphori< acid R;

o

H°f(°bCH3 0 0

OH
OH OH

HO
OH

OH

OH

OH

81-07-2

OH

183.2

(Ph. Eur. monograph 0947)

G,H,N03S

Action and use
Sweetening agent.

PIlE" _-----------~------

DEFINITION
1,2-Benzisothiazol-3(2H)-<>ne I,I-dioxide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powderor colourless
crystals.

Solubility
Sparingly soluble in boiling water and in ethanol
(96 per cent), slightly soluble in cold water, It dissolves in
dilutesolutions of alkali hydroxides and carbonates.

IDENTIFICATION
First identification: C.

Second idemification: A, BJ DJ E.
A. A saturated solution, prepared without heating, turns blue
litmus paperR red.

B. Melting point (2.2.14): 226"C to 230 "C.

C. Infrared absorption spectrophotometry (2.2.24).

C. 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-I­
benzopyran-e-one (quercetin).

Saccharin

B. 3-[[6-0-(6-deoxy-a-L-mannopyranosyl)-P-o­
g1ucopyranosyl]oxy]-5,7-dihydroxy-2-(4-hydroxyphenyl)­
4H-1-bell2Opyran-4-one (kaempferol 3-rutinoside),

______~ PIIE<r

OH

Time Moblle phase A MobDephueB
(mIn) (per cent VIP) (per cent I'll')

0-10 50 ..... 0 50 ..... 100

10 - 15 0 '00
15 • 16 0 ..... 50 100 ..... 50

16 ~ 20 50 50

o

H~OH
H'. 0 0

OH

OH

Flow rare I mVrnin.
Detection Spectrophotometer at 280 DDl.

Ittjmion 20 IJL.
Relative retention Withreference to rutoside (retention
time » about 7 min): impurityB = about 1.1;
impurity A =about 1.2; impurity C =about 2.5.

Systemsuitability Reference solution (a):
- resolution: minimum 2.5 between the peaksdue to

rutoside and impurityB.
Limits Locate the impurities bycomparison with the
chromatogram provided with rutoside trihydrare CRS:
- correction faaon: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 0.8;
impurity C =0.5; .

- impurities A... B... C: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (2.0 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(4.0 per cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.1 per cent),

Water (2.5.12)
7.5 per cent to 9.5 per cent, determined on 0.100 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 20 mL of dimethylformamide R. Titrate
with 0.1 M tetrabutylanunonium hydroxide, determining the
end-point potentiometrically (2.2.2(J).
1 mL of 0.1 M letrabutylanunonium bydroxide is equivalent
to 3053 mg of C27H300 ,6'

STORAGE
Protected from light.

IMPURITIES

OH

A. 2-(3,4-dihydroxypbenyl)-3-(P-o-g1ucofuranosyloxy)-5,7­
dihydroxy-4H-I-bell2Opyran-4-one (isoquetcirroside),
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Pllftl' ~ _

____________________ PhE/I

Saccharin Sodium

128-44-9

, )(~o

205.2 (arthydrous substance)

Injecuon 1 ~L.

Orderof elution e-tcluenesulfonamide, p-toluenesulfonamide,
caffeine.
Systemsuitability:
- resolution: minimum 1.5 between the peaksdue [Q

o-toluenesulfonamide andp-toluenesulfonamide in the
chromatogram obtained with the reference solution;

- the chromatogram obtained withthe blank solutiondoes
not show any peakwith the same retention times as the
internal standard, o-toluenesulfonamide and
p-toluenesutfonamide.

Limits:
- o-loluenesulfonamide: the ratio of its area to that of the

internal standard is not greater than the corresponding
ratio in the chromatogram obtained with the reference
solution (10 ppm);

- p-wluenesulfonamide: the ratio of its area to thatof the
internal standard is not greater than the corresponding
ratio in the chromatogram obtained with the reference
solution (10 ppm).

Readily carbonlsable substances
Dissolve 0.20 g in 5 mL of sulfuric acidR and keep at
48-50 °C for 10 min. Whenviewed against a white
background, the solutionis not more intensely coloured than
a solution prepared by mixing 0.1 mL of red primary
solution,0.1 mL of blue primary solutionand 0.4 mL of
yellow primary solution (2.2.2) with 4.4 mL of water R.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined 00.1.0 g.

ASSAY
Dissolve 0.500 g in 40 mL of ethanol (96 per cen,) R.
Add 40 mL of waterR. Titrate with 0.1 M sodium hydroxide,
using a 10 gIL solution of phenolphthalein R in ethanol
(96 per cent) R as indicator. Cany out a blank titration.
1 mL of 0.1 M sodium h:;droxide is equivalent to 18.32 mg of
C,H,NOJS.

Soluble Saccharin

(Ph. Eur. monograph 0787)

Anhydrous saccharin sodium

DEFINITION
2-Sodio-I,2-benzisothiazol-3(2H)-<>ne I,I-dioxide.

C,H,NNaOJS,xH20

Action and use
Sweetening agent.

Preparation Discs.

Comparison saccharin CRS.
D. Mix about 10 mg with about 10 mg of resorcinol R, add
0.25 mL of sulfuric acidR and. carefully heat the mixture OYer

a naked flame until a dark green colour is produced. Allow to
cool, add 10 mL of waterR and dilu", sodium hydroxide
solution R until an alkaline reaction is produced. An intense
greenfluorescence develops.
E. To 0.2 g add 1.5 mL of dilute sodium hydroxide solution R,
evaporate to dryness and heat the residue carefully until it
melts, avoiding carbonisation. AUow to cool, dissolve the
mass in about5 mL of water R, add dilute hydrochloric acid R
until a weak acidreaction is produced and filter, if necessary.
To the filtrate add 0.2 mL ofjerrie chloride solution R2.
A violetcolourdevelops.

TESTS
Solution S
Dissolve 5.0 g in 20 mL of a 200 gIL solution of sodium
acetateR and diluteto 25 mL with the same solution.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

0- and p-Toluenesulfonamide
Gas chromatography (2.2.28).

Internal Skim/ani solution Dissolve 25 mg of caffeine R in
methylene chloride R and dilute to 100 mL with the same
solvent.

Tes'solution Suspend 10.0 g of the substance to be
examined in 20 mL of water R and dissolve using 5-6 mL of
strong sodium hydroxide solution R. If necessary adjust the
solution to pH 7-8 with 1 if sodium hydroxide or 1 M
hydrochloric a<id and dilute to 50 mL with waterR. Shake the
solution with4 quantities, each of 50 ml., of methylene
chloride R. Combinethe lowerlayers, dryoveranhydrous
sodium sulfau R and filter. Wash the filter and thesodium
sulfate with 10 mL of methylene chloride R. Combine the
solution and thewashings and evaporate almost to dryness in
a water-bath at a temperature not exceeding 40°C. Using a
small quantity of methylene chlon"de R, quantitatively transfer
the residue into a suitable 10 mL tube, evaporate to dryness
in a current of nitrogen and dissolve the residue in 1.0 mL of
the internal standard solution.
Blank solution Evaporate 200 mL of methylene chloride R to
dryness in a water-bath at a temperature not exceeding
40 'C. Dissolve the residue in I mL of methylene chloride R.
Reference solution Dissolve 20.0 mg of o-teluenesulfonamide R
and 20.0 mg of tcIuenesulfonamide R in melhylene chloride R
and dilute to 100.0 mL with the same solvent. Dilute 5.0 mL
of the solution to 50.0 mL with methylene chloride R.
Evaporate 5.0 mL of the final solution to dryness in a current
of nitrogen. Dissolve the residue in 1.0 mL of the internal
standard solution.
Column:
- material: fused silica;
- size: 1== 10 m, 0 == 0.53 mm;
- stationary phase: phenyl(50)methyl(50)poIysiloxane R (film

thickness 2 urn).

Carner gas nilrogen for chromatography R.

Flow rate 10 mUmin.
Spli, ratio 1:2.

Temperature:
- column: 180°C;
- injection port and detector: 250°C.
Detection Flame ionisation.
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Content
99.0 per cent to 101.0 per cent (anhydrous substance).

It maybe anhydrous or contain a variable quantity of water.

CHARACTERS
Appearance
White or almost white, crystalline powderor colourless
crystals, efflorescent in dry air.
Solubility
Freely solublein water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: B, E.
Secondidentification: A, C, V, E.
A. Melting point (2.2.14): 226°C to 230 °C.

To 5 mL of solution S (see Tests) add 3 mL of dilute
hydrochloIU acidR. A white precipitate is formed, Filterand
washwith water R. Drythe precipitate at 100-105 QC.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs; dry the substances to constant mass at
105°C before use.
Comparison saccharin sodium CRS.
C. Mix about 10 mg with about to mg of resorcinol R, add
0.25 mL of suifuri< add R and carefully heat the mixture over
a naked flame until a dark green colour is produced. Allow to
cool, add 10 mL of water R and dilute sodium hydroxide
solution R until an alkaline reaction is produced. An intense
greenfluorescence develops.
D. To 0.2 g add 1.5 mL of dilute sodium hydroxide solu.ion R,
evaporate to dryness ana heat the residue carefully until it
melts, avoiding carbonisation. Allow to cool, dissolve the
mass in about 5 mL of Wale, R, add dilute hydroch/ori< aeid R
until a weakacid reaction is produced and filter, if necessary.
To the filtrate add 0.2 mL offerric chloride soluMnR2.
A violetcolour develops.
E. Solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method If).

Dissolve 2.0 g in 10 mL of water R.

Acidity or alkalinity
To to mL of solution S add about 0.05 mL of a to WL
solution of phenolph.halein R in ethanol (96 percen!! R.
The solution is neither pink nor red. Add 0.05 mL of 0.1 M
sodium hydroxitk. The solution becomes pink or red.

0- and p-Toluenesulfonamide
Gas chromatography (2.2.28).

Internal standard solution Dissolve 25 mg of caffeine R in
methylene chloride R and dilute to 100 mL with the same
solvent.
Test solution Dissolve 10.0 g of the substance to be
examined in 50 mL of waterR. If necessary adjust the
solution to pH 7-8 by addition of 1 M sodium hydroxide or
1 M hydrochlori< acid. Shake the solution with 4 quantities,
each of 50 mL, of methyiene chloride R. Combine the lower
layers, dryover anhydrous sodium suifate R and filter. Wash
the filter and the sodium sulfate with to mL of methylene
chloride R. Combine the solution and the washings and
evaporate almost to dryness in a water-bath at a temperature

Saccharin Sodium II-861

not exceeding 40°C. Using a small quantity of methylene
chloride R, quantitatively transfer the residue into a
suitable 10 mL tube, evaporate to dryness in a current of
nitrogen R and add 1.0 mL of the internal standard solution.
Blank soluMn Evaporate 200 mL of methylene chloride R to
dryness in a water-bath at a temperature not exceeding
40°C. Dissolve the residue in 1 mL of methylene chloride R.
Reference sdution Dissolve 20.0 mg of o-ro/uenesulfonamide R
and 20.0 mg of ro/uenesulfonamide R in methylene chloride R
and dilute to 100.0 mL with the same solvent. Dilute 5.0 mL
of me solution to 50.0 mL with methylene chlon·de R.
Evaporate 5.0 mL of the final solution to dryness in a current
of tJitrogen R. Take up the residue using 1.0 mL of the
internal standard solution.
Column:
- material: fused silica;
..,- size: ,::::; 10 rn, 0 ::::; 0.53 mmj

- srationary phase: phenyl(50)me.hyl(50)po/ysiloxane R (film
thickness 2 urn),

Carrier gas nitrogen for chromatography R.
Flow rate 10 mlJmin.
SplirraM 1:2.
Temperature:
- column: 180°C;
- inj«u"<m port and detector: 250°C.
Detection Flame ionisation.
Injection 1 ~L.

Iilution order o-toluenesulfonamide, p-toluenesulfonamide,
caffeine.
System suirabiliry:
- resolution: minimum 1.5 between the peaks due to

o-toluenesulfonamide andp-toluenesulfonarnide in the
chromatogram obtained with the reference solution;

- the chromatogram obtained with the blank solution does
not show any peakwith the same retention times as me
internal standard, o-toluenesulfonamide and
p-toluenesulfonamide.

Limits:
- o-toluenesulfonamide: the ratioof its area to mat of the

internal standard is not greater than the corresponding
ratioin the chromatogram obtained with the reference
solution (10 ppm);

- p-toluenesulfonamide: the ratio of its area to thatof the
internal standard is not greater thanthe corresponding
ratio in the chromatogram obtained with the reference
solution (10 ppm).

Readlly carbonisable substances
Dissolve 0.200 g in 5 mL of sulfuri< acidR and keep at
48-50 °C for 10 min. When viewed against a white
background, the solution is not more intensely colouredman

;- a solution prepared by mixing 0.1 mL of red primary
solution, 0.1 mL of blue primary solutionand 0.4 mL of
yellow primary solution (2.2.2) with'4.4 mL of water R.
Water (2.5.12)
Maximum 15.0 per cent, determined on 0.200 g.

ASSAY
Dissolve 0.150 g in 50 mL of anhydrous acetic acidR, with
slightheatingif necessary. Titratewith 0.1 M perchlon·c acid,
determining the end-point potentiometrically (2.2.20). Carry
out a blanktitration.
I mL of 0.1 M perch/ori< acid is equivalent to 20.52 mg
of C,H,.NNaO,S.

STORAGE
In an airtight container.
_____________________ ""E<I
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Refined Safflower Oil
(Ph. Bur. monograph 2088)
PhE" ~ _

DEFINITION
Fatty oil obtained from seeds of Carthamus tinaotius L.
(rype I) or from seeds of hybrids of Carthamus ,;nctorius L.
(type Il), by expression and/orextraction followed by
relining. Type II relined safilower oil is rich in oleic «9Z)­
octadec-9-enoic) acid. A suitable antioxidant may be added.

PRODUCTION
The oil is prepared using materials and methods designed to
ensure mat the content of brassicasterol (2.4.23) in the sterol
fraction of the oil is not greater than 0.3 per cent.

CHARACTERS
Appearance
Clear, viscous) yellow or pale yellowliquid.

Solubility
Practically insoluble in ethanol (96 per cent), miscible with
light petroleum (bp: 40-60 "C).

Composition of mefatty-acid fraction of type11refined safftcwer
oil:
- saturatedfanyacidsof chain length less than C14: maximum

0.2 per cent;
- myristic acid: maximum0.2 per cent;
- palmitic acid: 3.6 per cent to 6.0 per cent;
- stearic acid: 1.0 per cent to 5.0 per cent;
- oleic acid: 70.0 per cent to 84.0 per cent;
- linoleic mid: 7.0 per cent to 23.0 per cent;
- linolenic acid: maximum 0.5 per cent;
- arachidit acid: maximum 1.0 per cent;
- ekosenok acid: maximum 1.0 per cent;
- behenic acid: maximum 1.2 per cent.

Water (2.5.12)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In a well-filled, airtight container, protected from light.

LABELLING
The labelstates:
- where applicable, that the substance is suitablefor use in

the manufacture of parenteral preparations;
- the type of oil (tj'pe I or type 11).

Type I refined
safilower oU

Type II refined
safflower oU -------------------'''''"

IDENTIFICATION
First idemijication: B.
Second itkmijirolwn: A.
A. Identification of fatty oils by thin-layer chromatography
(2.1.2).
Results The chromatogram obtained is similar to the
corresponding chromatogram for type I or type II shown in
Figure 2.3.2.-1.
B. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 0.5.

Peroxide value (2.5.5, Method A)
Maximum 10.0, or maximum 5.0 if intended for use in the
manufacture of parenteral preparations.
Uosapon!fiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.
Alkaline impurities (2.4.19)
It complies with the test.
Composition of fatty acids (2.4.22, Metlwd A)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefatly-add fraction of <ype 1 refined safftower
o~ \
- saturated fatry adds of chain length less than C14: maximum

0.2 per cent;
- myristicadd: maximum 0.2 per cent;
- palmitic. acid: 4.0 per cent to 10.0 per cent;
- stearic acid: 1.0 per cent to 5.0 per cent;
- olei: add: 8.0 per cent to 21.0 per cent;
- linoleic acid: 68.0 per cent to 83.0 per cent;
- linolenic acid: maximum 0.5 per cent,
- arachidic acid: maximum 0.5 per cent;
- eicosenoic acid: maximum 0.5 per cent;
- behenic acid: maximum 1.0 per cent.

PhE" _

DEFINITION
(IRS)-2-[(1,1-Dimethylethyl)amino]-1-[4-hydroxy-3­
(hydroxymethyl)phenyl]ethanol.

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS .
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water, soluble in ethanol (96 per cent),

mp
About 155°C, with decomposition.

IDENTIFICATION
First identification: B.
Second identification: A, C, D.
A. Ultravioletand visibleabsorption spectrophotometry
(2.2.25).

**** ** *
*****

18559-94-9239.3

~
H.. OH~XCH'

~ H3C CH3 andenanliomer.
HO

OH

(ph. Bur. monograph 0529)

Salbutamol

Acdon and use
Beta2-ad.renoceptor agonist; bronchodilator.

Preparations
Salbutamol Pressurised Inhalation

Salbutamol Prolonged-release Capsules

about0.914

about 1.472

about0.922

about 1.476

Relative density

Refractive index
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Testsolution Dissolve 80.0 mg in a 10 gIL solution of
hydrochloric acidR and dilute to 100.0 mL with the same
acid. Dilute 10.0 mL of the solution to 100.0 mL with a
10 gIL solution of hydrochlOlic acidR.
Speard range 230-350 om.
Absorption maximum At 276 run.
Specific absorbance at the absorption maximum 66 to 75.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison salbutamol CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 rngof the substance to be
examined in methanol R and dilute to 50 mL with the same
solvent.

Reference solution Dissolve 10 mg of salbutamol CRS in
methanol R and dilute to 50 rnL with the same solvent.
Plate TLC silica gelplateR.

Mobile phase concentrated ammonia R, water R, ethyl
acetate R, 2-propanol RJ methylisobutyl ketone R
(3: 18:35:45:50 VIVIVIVIY).

Application 5 ~L.

Development Over 3/4 of the plate.
Drying In air.
Det«tioir- Spray with a I gIL solution of
methylbenzothiazolone hydrazone hydrochloride R in a
90 per cent VIV solution of methanol R, followed by a 20 gIL
solution of potassium fenicyanide R in a mixture of 1 volume
of concentrated ammonia Rl and 3 volumes of waterR,
followed by a further spraying with a I gIL solution of
methylbenzothiazolone hydrazone hydrochloride R in a
90 per cent V/V solution of methanol R.
Results The principal spot in the chromatogram obtained
with the test solutionis similar in position, colourand size to
the principal spot in the chromatogram obtainedwith the
reference solution.
D. Dissolve about 10 mg in 50 mL of a 20 gIL solution of
disodium tetraborate R. Add I mL of a 30 gIL solution of
aminopyrazolone R, 10 mL of methylene chlorilk R and 10 mL
of a 20 gIL solution of potassium ferri<yanide R. Shake and
allow to separate. An orange-red colourdevelopsin the
methylene chloride layer.

TESTS
Solution S
Dissolve 0.50 g in methanol R and dilute to 25.0 mL with the
same solvent. .

Appearance of solution
Solution S is clear(2.2.1) and not moreintenselycoloured
than reference solution BY5 (2.2.2, Method II).

Optical rotation (2.2.7)
-0.100 to + 0.100

, determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examinedin the mobilephase and dilute to 50.0 mL with
the mobilephase.
Reference solution (a) Dissolve 2.0 mg of salbutamol CRS,
2 mg of salbutamol impanty B CRS, 3.0 mg of salbutamol
impurity D CRS, 3.0 mg of salbutomol impurity F CRS and
3.0 mg of salbutamot impurity G CRS in the mobile phase and
dilute to 10.0 mL with the mobile phase. Dilute 2.0 mL of
this solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve the contentsof a vialof
salbutomol impurity 1 CRS in 1.0 mL of the mobile phase.

Salbutamol 11-863

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with me mobilephase.
Column:
- size: 1= 0.15 m, 0 = 3.9 mm;
- stationary phase: spherical end-capped octy/si/yl sili<a gelfor

chromawgraphy R (5 urn) with a specific surface area of
335 m2/g, a pore size of 10 nm and a carbon loadingof
11.7 per cent.

Mobile phase Mix 22 volumes of aceumitriJe Rl and
78 volumes of a solution containing 2.87 gIL of sodium
heptonesulfonate Rand 2.5 gIL of potassium dihydrogen
phosphate R previously ajusted to pH 3.65 with dilute
phosphoric acidR.

Flow rate I mUmin.
Detection Spectrophotometer at 220 run.
Iniection 20 ~L.

Run time 25 times me retention timeof salbutamol.
Identification of impuruies Use the chromatogram obtained
with reference solution (a) to identify the peaksdue to
impurities B, D, F and G; use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity I.
Relau·fJe retention Wim reference ro salbutamol (retention
rime > about 2 min): impurity B = about 1.3;
impurity A ;;;; about 1.7; impurity C = about 2.0;
impurity D ;;;; about 2.7j impurity H ;;;; about 3.0j
impurity E =about 3.1; impurity G =about 4.1;
impurity F = about 6.2; impurity I = about 23.2.

Syslem suitability Reference solution (a):
- resolution: minimum 3.0 between the peaksdue to

salbutamol and impurity B.
Limits:
- impurity D: not more than the area of the corresponding

peak in the chromatogram obtained withreference
solution (a) (0.3 per cent);

- impun'ty F: not more than the area of the correspondin.g
peakin the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impurily G: not more than the area of the corresponding
peakin the chromatogram obtained with reference
solution (a) (0.3 per cent);

- impurities A, B, G, E, H, I: for each impurity) not more
than 1.5 rimes the area of me peakdue to saibutamol in
the chromatogram obtainedwith reference solution (a)
(0.3 per cent);

- unspecified impun·ties: for each impurity, not more than
0.5 times the area of the peakdue to salbutamol in me
chromatogram obtained withreference solution (a)
(0.10 per cent);

- total: maximum 1.0 per cent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (c)
(0.05 per cent).

Impurity]
Maximum 0.2 per cent.

Dissolve 50.0 mg in a I gIL solution of hydrochloric acidR
and dilute to 25.0 mL with the same solvent.
The absorbance (2.2.25) of the solutionmeasured at 310 nm
is not greater than 0.10.

Boron
Maximum 50 ppm.

Testsolution To 50 mg of the substance to be examined add
5 mL of a solution containing 13 gIL of anhydrous sodium
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carbonate Rand 17 gIL of potassium carbonate R. Evaporate to
dryness on a water-bath and dry at 120 °C. Ignite the residue
rapidly until the organic matterhas been desttoyed, allow to
cool and add 0.5 mL of waterR and 3.0 mL of a freshly
prepared 1.25 gIL solution of curcumin R in glacial acetic
acidR. Wann gently to effect solution, allow [0 cool and add
3.0 mL of a mixture prepared by adding 5 mL of suifuri<
acid R, slowlyand with stirring, to 5 mL of glacial acerk
add R. Mix and allow to stand for 30 min. Dilute to

100.0 mL with ethanol(96 pertent) R, filter and use the
filtrate.

Reference solution Dissolve 0.572 g of boric add R in
1000.0 mL of waterR. Dilute 1.0 mL of the solution to
100.0 mL with waterR. To 2.5 mL of this solution add
5 mL of a solution containing 13 gIL of anhydrous sodium
carbonate Rand 17 gIL ofpotassium carbonate R, and treat
thismixture in the same manneras the test solution.
Measure the absorbance (2.2.25) of the test solution and of
the reference solution at the absorption maximum at about
555 run. The absorbance of the test solutionis not greater
than thatof the reference solution.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 30 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchWric add, determining the end-point
potentiometrically (2.2.20)..

I mL of 0.1 M perchloric add is equivalent to 23.93 mg
ofC13H21NO, .

STORAGE
Protected from light.

IMPURITIES
SpeaJied impun"tits A, B, C, D, E, F, G, H, I,J.

CH,,

~
H', o ~XCH,

"" I H,C CH,
HO

OH

andenanliomer

T
H'. OH ~XCH,

~ I H3C CH3 andenanliomer
HO

H 0

D. 5- [( IRS)-2-[(I, l-d imethylethyl)amino]-I-hydroxyethyl]-2­
hydroxybenzaldehyde,

H.OHP

~
NXCH'

~ I HsC CHs andenanllomer
HO

OH

E. (IRS)-2-[benzyl(I,I-dimethylethyl)amino]-I-[4-hydroxy­
3-(hydroxymethyl)phenyl]ethanol,

F. 1,1'-joxybisjmethylenef4-hydroxy-I,3-phenylene)])bis[2­
[(I,I-dimethylethyl)amino]ethanol],

G.2-[benzyl(I,I-dimethylethyl)amino]-I-[4-hydroxy-3­
(hydroxymethyl)phenyl]ethanone,

H.4-[2-[(I,I-dimethylethyl)amino]ethyl]-2-methylphenol,

A. 5-[(I RS)-2-1(I, l-dimethylethyl)amino]-I-methoxyethyl]-2­
hydroxyphenyl]methanol,

andenan60mer

B. (IRS)-2-[(I,I-dimethylethyl)amino]-I-(4-hydroxyphenyl)
ethanol,

C. (IRS)-2-[(1,I-dimethylethyl)amino]-I-(4-hydroxy-3­
methylphenyl)ethanol,

I. (IRS)-2-[(I,I-dimethylethyl)amino]-I-[4-(benzyloxy)-3­
(hydroxymethyl)phenyl]ethanol,

~
o ~XCH,

"" H,C CH,HO

OH

J. 2-[(I,I-dimethylethyl)amino]-I-[4-hydroxy-3­
(hydroxymethyl)phenyl]ethanone (salbutamone).

____________________ ""E"
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Phw _

Actlon and use
Betaj-adrenoceptcr agonist; bronchodilator.

Preparations
Salbutamol Inhalation Powder

SalbutamollnhalationPowder, pre-metered
Salbutamol Injeetion

Salbutamol Nebuliser Solution

Salbutamcl Oral Solution

Salbutamol Pressurised Inhalation
Salbutamol Tablets

Salbutamol Prolonged-release Capsules

DEFINlTION
Bis[( IRS)-2- [(I, I-<limethylethyl)amino)-1-[4-hydroxy-3­
(hydroxymethyl)phenyl)'ethanol) sulfate.

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solub111ty
Freely soluble in water, praetically insoluble or very slightly
soluble in ethanol (96 per cent) and in methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
First idendficauon: B, E.
Secondidenujicarwn: A, C, D, E.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 80.0 mg in a 10 gIL solution of
hydrochloric add R and dilute to 100.0 mL with the same
acid. Dilute 10.0 mL of the solution to 100.0 mL with a
10 gIL solution of hydrochlonc add R.
Spectral range 230-350 urn.

Absorption maximum At 276 urn.

Specific absorbance at the absorption maximum 55 to 64.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison salbutamol sulfat< CRS.
If the spectra obtained show differences) dissolve the
substanceto be examined and the reference substance
separately in anhydrous e/hanol R. Dry the residues and
recordnew spectra using the residues.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 12 mg of the substance to be
examined in waterR and dilute to 10 mLwiththe same
solvent.

Reference solution Dissolve 12 mg of salbutamol sulfate CRS
in water R and diluteto 10 mL with the sam.e solvent
Plate TLC silica gelplate R.
Mobilephase concemroud ammonia R, water R, ethyl
acetat< R, 2-propanol R, me/hylisobuly! ketone R
(3:18:35:45:50 VIVIVIVIY).
Application I ~L.

Development Over 2/3 of the plate.

Drying In air.
Deucdon Spray with a I gIL solution of
methylbenzo/hiazokme hydrazone hydrochloride R in a
90 per cent VIV solution of methanol R, followed by a 20 gIL
solution of potassium fenicyanide R in a mixture of I volume
of concenmued ammonia RI and 3 volumes of water R,
followed by a further spraying with a I gIL solution of
methylbenzo/hiazokme hydrazone hydrochloride R in a
90 per cent VIV solutionof medranol R.
Resulcs The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtainedwith me
reference solution.
D. Dissolve abour 10 mg in 50 mL of a 20 gIL solution of
disodium te""borat< R. Add I mL of a 30 gIL solution of
aminopyrazolone R, 10 mL of methylene chloride R and 10 mL
of a 20 gIL solution of potassium ferrieyanide R. Shake and
allow to separate. An orange-red colour develops in the
methylenechloride layer.
E. It gives reaction (a) of sulfates (2.3.1).

TESTS
Solution S
Dissolve 0.250 g in carbon dioxide-free wow R and dilute to
25.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, MethodII).

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Acidity or alkalinity
To 10 mL of solution S add 0.15 mL of methylred solurion R
and 0.2 mL of 0.01 M sodium hydroxide. The solution is
yellow. Not more than 0.4 mL of 0.01 M hydrochloric acidis
required to change the colour of the indicator to red.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in mobile pbase A and dilute to 50.0 mL with
mobile phase A.

Reference solution (a) Dissolve 3.0 mg of salbutamol
impurityD CRS and 3.0 mg of salbutamol impuniy F CRS in
mobile phase A and dilute to 50.0 mL with mobile phase A.
Dilute 2.0 mL of the solution to 100.0 mL with mobile
phase A.
Reference solutWn (b) Dilute 1.0 mL of the test solution 10

100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.
Reference solutWn (c) With the aid of ultrasound, dissolve
the contents of a vial of salburamol impurity J CRS in 1.0 mL
of the test solution.
Reference solutWn (d) Dissolve I mg of salbutamol
impuniy D CRS in mobile pbase A and dilute to 100.0 mL
with mobile phase A.
Reference solution (e) Dissolve 4 mg of salbutamol sulfate far
system suitability CRS (containing impurities C, F, N and 0)

**** ** ** ****

51022-70-9

H~04 andenanliomer

576.7

Salbutamol Sulfate
Salbutamol Sulphate

(Ph. Eur. monograph 0687)

c,,J4.N,O,oS
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1I-866 Salbutamol Sulfate

in mobile phase A, add 0.4 mL of reference solution (d) and
dilute to 10.0 mL with mobile phase A.
Golumn:
- size: / = 0.15 m, 0 = 4.6 mm;
- stationary phase: spherical end-capped O<lylsilyl silica gelfor

chromatography R (3 pm);
- temperature: 30°C.

Mobile phase:
- mobile phase A: dissolve 3.45 g of sodium dihydrogen

phospha" monohydr"" R in 900 mL of a
0.05 per cent VIV solution of niethylamine R, adjust to
pH 3.0 with di/u" phosphoric acidR and dilute to
1000 mL with a 0.05 per cent VIV solution of
triethylamine R;

- mobile phaseB: methanol R, acetoninile R (35:65 VIII);

Tho, Mobile phase A MobUe phase B
(min) (per cent VIP) (percent Vm
0-5 95 5

5 - 30 95 .....-10 5 ---> 90

Flowrate 1.0 mUmin.
Detection Spectrophotometer at 273 nm.

Inj«.tion 20 III of the test solution and reference
solutions (a), (b),'(c) and (e).

Relative retention With reference to salbutamol (retention
time = about 7 min): impurity J = about 0.9;
impurity C = about 1.6; impurity N = about 1.67j
impurity D =about 1.68; impurity F = about 1.77;
impurity 0 =ahout 1.82.

Identification of impurities Use the chromatogram supplied
with salbutamol sulfa" for SYSIem suitabili/Y CRS and the
chromatogram obtained with reference solution (e) to identify
the peaks due to impurities C, D, F, N and 0; use the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity J.
Sy,,,m suiUlbilily:
- peak-to-valley racio: minimum 1.2, where HI'=height

above the baseline of the peak due to impurity Nand
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity D in the chromatogram obtained with reference
solution (e); minimum 2.0, where HI' =height above the
baseline of the peak due to impurity J and H. =height
above the baseline of the lowest point of the curve
separating this peak from the peak. due to salbutamol in
the chromatogram obtained with reference solution (c).

Limits:
- impuruies D) F: for each impurity, not more than the area

of the corresponding peak in the chromatogram obtained
with reference solution (a) (0.3 per cent);

- impurities C) N, 0: for each impurity, not more than twice
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: maximum 0.9 per cent;
- disregard limit. 0.5 times the area of the principal peak in

the chromatogram obtained with reference solution (b)
(0.05 per cent).

Boron
Maximum 50 ppm.

Testsolution To 50 mg of the substance to be examined ad.l
5 mL of a solution containing 13 gIL of anhydrous sodium

2022

carbonare Rand J7 gIL of potassium carlxmate R. Evaporate to
dryness on a water-bath and dry at J20°C. Ignite the residue
rapidly until the organic matter has been destroyed, allow to
cool and add 0.5 mL of wa", R and 3.0 mL of a freshly
prepared 1.25 gIL solution of curcumin R in gkuial acetic
acidR. \'qann gently to effect solution, allow to cool and add
3.0 mL of a mixture prepared hy adding 5 mL of su!fUrie
acid R, slowly and with stirring, [0 5 mL of glacial acetic
add R. Mix and allow to stand for 30 min. Dilute to
100.0 mL with etnand (96 percenO R, filter and use the
filtrate.

Reference solution Dissolve 0.572 g of boric acidR in
1000.0 mL of water R. Dilute 1.0 mL of the solution to
100.0 mL with waterR. To 2.5 mL of this solution add
5 mL of a solution containing 13 gIL of anhydrous sodium
carbonate Rand 17 gIL of potassium carbonate R, and treat
this mixture in me same manner as me test solution.

Measure the absorbance (2.2.25) of the test solution and of
the reference solution at the absorption maximum at about
555 nm. The absorbance of the test solution is not greater
than that of the reference solution.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 gin 5 mL of anhydrous fonnie acidR and add
35 mL of anhydrous acetic acid R. Titrate with 0.1 M
perchloric acid) determining the end-point potentiometrically
(2.2.2{}J.

1 mL of 0.1 M perch/oric acid is equivalent to 57.67 mg
of C,oH•.N,O,oS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities C, D, F, N, O.

Other deteaoble impurities (me following substances would, if
present at a sufficient level) bedetected by oneor other of the tests

in the monograph. They are limited by thegeneral acceptanu
criterion for otherlunspedfied impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). II is
therefore not neussary to idemify these impun·ties for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B) E, G, I, J, K,
L,M.

CH,,

~
H-, o ~XCH,

~ H3C CH3 and enantiomer
HO

OH

A. [5-[( IRS)-2- [( I, l-dimethylethyl)amino]-I-methoxyethyl]­
2-hydroxyphenyl]methanol,

and enaoucmer

B. (IRS)-2-[(I,I-<limethylethyl)amino]-1-(4­
hydroxyphenyl)ethanol,
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C. (IRSJ-2-[(I, l-dimethylethyl)amino]-1-(4-hydroxy-3­
methylphenyl)ethanol,

T
H-, OH~XCH'

~ H3C· CH3 andenanliomer
HO

H 0

D. S-[(IRSJ-2-[(1,I-dimethylethyl)amino]-I-hydroxyethyl]-2­
hydroxybenzaldehyde,

o

C'~~XCH'
'" I H,C CH,

HO

OH

K. 2-[(1,I-dimethylethyl)amino]-I-[3-chloro-4-hydroxy-S­
(hydroxymethyl)phenyl]ethanone,

H~ OH H

C'X(0N
XCH'

, H3C CH3 andenanliomer
HO

OH

OH

__________________ PhE"

N. 2-[(1 ,1-dimethylethyl)amino]-I-[3-[[S-[2-[(I,1­
dimethylethyl)amino]-I-hydroxyethyl]-2-hydroxyphenyl]
methyl]-4-hydroxy-S-(hydroxymethyl)phenyl]ethanol,

o.unknown structure.

M.(IRSJ-2-[(I,I-dimethylethyl)amino]-I-[4-hydroxy-3­
(methoxymethyl)phenyl]ethanol,

HO

L. (IRSJ-2-[(I, I-dimethylethyl)amino]-I-[3-chloro-4­
hydroxy-S-(hydroxymethyl)phenyl]ethanol,

E. (IRSJ-2-[benxyl(I,I-dimethylethyl)amino]-I-[4-hydroxy­
3-(hydroxymethyl)phenyl]ethanol,

F. 1,1'-[oxybis[methylene(4-hydroxy-I,3-phenylene)])bis[2­
[(I, l-dimethylethyl)amino]ethanol],

of)
~

NXCH'
'" I H,C CH,

HO

OH

G. 2-[benxyl(l, l-dimethylethyl)amino]-I-[4-hydroxy-3­
(hydroxymethyl)phenyl]ethanone, Salicylic Acid

(ph. Bur. monograph 0366)

(XI Co,H

'" OH

Action and use
Keratolytic.
Preparations
Coal Tar and Salicylic Acid Ointment

Dithranol and Salicylic Acid Ointment
Salicylic Acid Collodion

Salicylic Acid Cream

Salicylic Acid Ointment

Zinc and Salicylic Acid Paste

1. (I RSJ-2-[(I,l-dimethylethyl)amino]-1-[4-(henxyloxy)-3­
(hydroxymethyl)phenyl]ethanol,

o

~
~XCH'

'" I H,C CH,
HO

OH

J. 2-[(1, l-dimethylethyl)amino]-I-[4-hydroxy-3­
(hydroxymethyl)phenyl)ethanone (salbutamone),

C,H,O, 138.1 69-72-7
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DEFINITION
z-Hydroxsbenzenecarboxybc acid.

Content
99.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powderor white or
colourless, acicular crystals.

SolublIlty
Slightly soluble in water, freely soluble in ethanol
(96 per cent), sparingly soluble in methylene chloride.

IDENTIFICATION
First identification: A, B.
Second identification: A, C.
A. Melting point (2.2.14): 158"C to 161 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison salicylic add CRS.
C. Dissolve about 30 mg in 5 mL of 0.05 M sodium
hydroxide, neutralise if necessary and dilute to 20 mL with
water R. 1 mL of the solution gives reaction (a) of salicylates
(2.3.1).

TESTS
Solution S
Dissolve 2.5 g in 50 mL of boiling distilled waterR, cool and
filter.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

Dissolve I g in 10 mL of ethanol (96 percen!> R.

Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 0.50 g of the substance to be
examined in the mobile phase and dilute to 100.0 mLwith
the mobile phase.
Reference solution (a) Dissolve 10 mg of phenol R
(impurity C) in the mobile phase and dilute to 100.0 mL
with the mobilephase.
Reference sdution (b) Dissolve 5 mg of salicylic acid
impuriry B CRS in the mobile phase and dilute to 20.0 mL
with the mobile phase.
Reference solution (c) Dissolve 50 mg of 4-hydroxybenzqic
acidR (impurity A) in the mobile phase and dilute to
100.0 mL with the mobile phase.

Reference solution (d) Dilute 1.0.mL of reference solution (a)
to 10.0 mL with the mobile phase.

Reference sduuon (e) Dilute a mixture of 1.0 mL of each of
reference solutions (a), (h) and (c) to 10.0 mL with the
mobile phase.

Reference solution (f) Dilute a mixture of 0.1 mL of each of
reference solutions (a), (h) and (c) to 10.0 mL with the
mobile phase.

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- stationary phase: end-copped oaad«yisi/yl silica gelfor

chromatography R (5 urn).

MobrJe phase glacial acetic add R, methanol R, warer R
(1:40:60 VIVIV).

F/qu, rate 0.5 mllrnin.

Detection Spectrophotometer at 270 nm.

2022

Injection J0 ul., of the test solution and reference
solutions (d), (e) and (I).

Identification of impurities Use the chromatogram obtained
with reference solution (e) to identify the peaks due to
impurities A, Band C.
Relative retention With reference to impurity C (retention
time = about 9.5 min): impurity A:::: about 0.6;
impurity B =about 0.8.

System ruiUlbl1ity Reference solution (e):
- the 3rd peak in the chromatogram corresponds to the peak

due to impurity C in me chromatogram obtainedwith
reference solution (d);

- resolution: minimum 1.0 between the peaks due to
impurities Band C; if necessary, adjust the quantity of
acetic acid in the mobile phase.

Limits:
- impuniy A: not more man me area of the corresponding

peakin the chromatogram obtained with reference
solution (I) (0.1 per cent);

- impurity B: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (I) (0.05 per cent);

- impun'ty C: not more than the area of the corresponding
peakin the chromatogram obtained withreference
solution (I) (0.02 per cenr);

- unspecified impurities: for each impurity, not more than the
area of the peakdue to Impurity B in the chromatogram
obtained wirh reference solution (f) (0.05 per cent);

- wkl1: not more thantwice the area of the peakdue to
impurity A in the chromatogram obtained with reference
solution (I) (0.2 per cent);

- disregard limit: 0.3 times the area of the peakdue to
impurity A in the chromatogram obtainedwith reference
solution (I) (0.03 per cent). Do not disregard the peak
due to impurity C.

CWorldes (2.4.4)
Maximum 100 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Sulfates
Maximum 200 ppm.

Dissolve 1.0 g in 5 mL of dimethylfowamide R and add 4 mL
of waterR. Mix thoroughly. Add 0.2 mL of dilute hydrochloric
add Rand 0.5 rnL of a 25 per cent mlm solution of barium
chloride R. After 15 min any opalescence in the solution is
not more intense than thatin a standard prepared as follows:
to 2 mL of sulfate standardsolmion (100 ppm SO.! R add
0.2 mL of dl7ute hydrochloric add R, 0.5 mL of a
25 per cent mlm solution of barium chloride R, 3 rnL of
waterRand 5 mL of dimethylformamide R.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
a desiccator.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 2.0 g.

ASSAY
Dissolve 0.120 g in 30 mL of ethanol (96 percent) R and add
20 mL of waterR. Titrate with 0.1 M sodium hydroxide, using
0.1 mL of phenol redsolution R as indicator.
1 mL of 0.1 M sodium hydroxide is equivalent to 13.81 mg of
C7H.O,.

STORAGE
Protected from light.
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Time MobUe phase A Mobile phase B
(min) (per cent V/J? (per cent V/l?
0-16 100 0

16 - 36 100 --> 30 0-->70

36 - 45 30 70

Flowrate 2 mllrnin.
Detection Spectrophotometer at 278 run.
Injection 20 j.tL of test solution (a) and reference
solutions (a), (h) and (c).

Identification of impurities Use the chromatogram supplied
with salmeterol xinafoate for system suitability CRS and the
chromatogram obtainedwith reference solution (a) to
identify the peaksdue to impurities E and G; use the
chromatogram supplied with salmetero/ xinofoate forpeak
identification CRS and me chromatogram obtainedwith
reference solution (c) to identify the peakdue to impurity D.
Relative retention With reference to salmeterol (retention
time ;;;; about 13 min): xinafoic acid > about 0.2,;
impurity D ;;;; about 0.8; impurity E ;;;; about 0.9,;
impurity G = about 2.7.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 10, where Hp = height

above the baselineof me peakdue to impurity E and
H; ;;;; height above the baseline of the lowest point of the

TESTS
Related substances
Liquid chromatography (2.2.29). Protect the solutions from
light.
Solvent mixture acetonitrile R, waterR (50:50 VIV).

Test solution (aJ Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.
Testsolution (b) Dissolve 25.0 mg of me substance to be
examined in mobile phase A and dilute to 100.0 mL with
mobile phase A.
Reference solution (aJ Dissolve 11 mg of saimeteroi xinafoau
for system suitability CRS (containing impurities E and G) in
the solvent mixture and dilute to 2.0 mL with the solvent
mixture.
Reference solution (b) Dilute 1.0 mL oftest solution (a) 10

100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (cJ Dissolve 5 mg of salmeterol xinafoare for
peak identification CRS (containing impurity D) in the solvent
mixture and dilute to 1.0 mL with the solvent mixture.
Reference solution (d) Dissolve 25.0 mg of salmeterol
xinofoate CRS in mobile phase A and dilute to 100.0 mL
with mobile phase A.
Reference solution (e) Dilute 1.0 mL of reference solution (a)
to 20.0 mL with mobile phase A.

Column:
- size: 1= 0.15 m, 0 = 4.6 rnm;
- stationary phase: end-eapped octade<y/si(yl silica gelfor

chromawgraphy R (5 pm).

Mobile phase:
- mobile phase A: mix 24 volumes of a 7.71 gIL solution of

ammonium aatate Rand 24 volumes of a 28.84 gIL
solution of sodium dodecyl sulfate Rand adjust to pH 2.7
withglOOal acetic acidR,; mix with 52 volumes of
acetonitrile R,;

- mobile phase B: acetonitrile R;

94749-08-3604

(ph. Eur. monograph 1765)

H-, OH ~

Ho~j
l::H~

and enanUomer

Action and use
Beraj-adrenoceptor agonist; bronchodilator.

Preparations
F1uticasone and Salmeterol Inhalation Powder, pre-metered
Fluticasone and Salmeterol Pressurised Inhalation,
Suspension
Fluticasone and Salmeterol Inhalation Powder, Metered­
Dose

Salmeterollnhalation Powder, pre-metered
Salmeterol Pressurised Inhalation, Suspension

L'<IPURlTIES
Specified impurities A, B, C.

____~ ~ PIlE..

C. phenol.

i""'Y0 H

V

B. 4-hydroxyisophthalic acid,

HOoCYyco,H

~OH

Salmeterol Xinafoate

A. 4-hydroxybenzoic acid,

HOoCY')

~OH

DEFINITION
(IRS)-I-[4-Hydroxy-3-(hydroxymethyl)phenyl]-2-[[6-(4­
phenylbutoxy)hexyl)amino]ethanol l-hydroxynaphthalene-2­
carboxylate.t '

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whhe or almost whitepowder.

Solubility
Practically insoluble in water, soluble inmethanol, slightly
solublein anhydrous ethanol,practically insoluble in
methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
Comparison salmeuroJ xinofoate CRS.
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curve separating this peak from the peak due to
salmeterol.

Calculation of percentage contents:
- for each impurity, use the concentration of salmeterol

xinafoate in referencesolution (b).
Limits:
- impurities D, G: foreach impurity, maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reponing threshold: 0.05 per cent; disregard the peak due to

xinafoic acid.
Water (2.5.12)
Maximum 0.5 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with me following modifications.
Mobile phase Mobile phase A.
Injettion 20 JlL of test solution (b) and reference
solutions (d) and (e).
Run time Until complete elution of the peak due to
salmeterol (abnut 16 min).
System sur"lability Reference solution (e):
- peak-toJfJaJley ratio: minimum 10, where Hp = height

above the baseline of the peak due to impurityE and
HfI= height above the baseline of the lowest point of the
cwve separating this peak from the peak due to
saJrneterol.

Calculate the percentagecontent of C3Jlt5N07 using the
chromatogram obtained with reference solution (d) and
taking into account the assignedcontent of salmeterol
xinafoate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impuniies D, G.
Otherdetectable impurities (the following substances would, if
present at a sufficientlevd, be deucted by one orother of the tests
in the monograph. Theyare limited by thegeneral aceeptanu
ctitetion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). I. is
therefore notnecessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impuritks
in substances for phannaceutkaJ use) A, B, C, B.J F.

~~~
HO~H andenaoOOmer ""-

A. (IRS)-I-[4-hydroxy-3-(bydroxymethyl)phenyl]-2-[(4­
phenylbutyl)amino]ethanol,

HOcrz:~OJ~
~H #

andenanoomer

B. (I RS)-I- [4-hydroxy-3- (bydroxymethyl)phenyl]-2-[[6-(2­
phenylethoxy)hexyl]amino]ethanol,

2022

oo~'j
OH~

U and enanliomer

C. (IRS)-I-[4-hydroxy-3-(bydrnxymethyl)phenyl]-2-[[6-(3­
phenylpropoxy)hexyl)amino] ethanol,

~
~H ~~

~
"'" ",,-I~_)I 0 I 0

HO • OH ":::::,..

OH

D. 1-[4-[2-hydroxy-2-[4-hydroxy-3-(bydroxymethyl)phenyl)
ethoxy]-3-(bydroxymethyl)phenyl)-2-[[6-(4-phenylbutoxy)
hexyl]amino)ethanol,

E. 1-[4-hydroxy-3-(bydroxymethyl)phenyl]-2-[[6-(I-methyl­
3-phenylpropoxy)hexyl)amino)ethanol,

andenanliomer

F. (IRS)-I-(4-hydroxy-3-methylphenyl)-2-[[6-(4­
phenylbutoxy)hexyl]amino]ethanol,

G.I-[4-hydroxy-3-[[[2-hydroxy-2-[4-hydroxy-3­
(bydroxymethyl)phenyl]ethyl] [6-(4-phenylbuloxy)hexyl)
amino)methyl)phenyl]-2-[[6-(4-phenylbutoxy)hexyl)
amino)ethano!.

__~ PflEIl
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PhE<I _

DEFINITION
Purified fatty oil obtained from fresh fanned Sa/me salor:
The positional distribution (p(2)-acyl) is 60-70 per cent for
cervonic (docosahexaenoic) acid (C22:6 n-3; DHA),
25-35 per cent for timnodonic (eicosapentaenoic) acid
(C20:5 n-3; EPA) and 40-55 per cent for moroctic acid
(C18:4 n-3).

Content
- sum of the contents of EPA and DBA (expressed as

trigIYcerides): 10.0 per cent to 28.0 per cent.

A suitable antioxidant may be added.

PRODUCTION
The fish shall only be given feed with a composition that is
in accordance with me relevant European Union or other
applicable regulations.

2022

Farmed Salmon Oil
(ph. Eur. monograph 1910)

**** ** ** ****

Salmon Oil 11-871

The content of dioxins and dioxin-like PCBs
(polychlorinated biphenyls) is controlled using methods and
limits in accordance with the requirements set in the
European Union or other applicable regulations.

The oil is produced by mechanical expression of fresh raw
materials, either from the whole fish, or fish where the"fillets
have been removed, at a temperature not exceeding 100 °CJ

and without using solvents. After centrifugation, solid
substances may be removed from the oil by cooling and
filtering (winterisation).

CHARACTERS
Appearance
Pale pink liquid.

Solubility
Practically insoluble in water, very soluble in acetone and in
heptane, slightly soluble in anhydrous ethanol.

IDENTIFICATION
Examine the Be NMR spectra obtained in the assay for
positional distribution (p(2)-acyl) of fatty acids. The spectra
contain peaks between 172 ppm and 173 ppm with shifts

2

1

6
3

4 5 7 10

14

19

18

lmfIlllJl1llfll1lljlT1IJIT'IjTIllJITllllffillllllJlmpmpmjTllIllIllllIlIllIlIlllIIllIlIllIlIllIlI/IIIIII1 I1JIIIIJlIIIIIIIIIIIII11I1I1'IIIIIIIIIIIIIIIIIIIIIIIJlIlIIIlIIfITITIITlTI'IIIII1I1/III1II1I1J1I11II1I1II11III1I1II1I1
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 min

1. C14:0
2. C16:0
3. C16:I 0-7
4. CJ6:4 0-1

5. C18:0
6. CIS:l 0-9
7. CIS:l 0-7
8. CIS:2 0-6

9. CIS:3 0-3
10. C18:4 0-3
1J. C20:1 0-9
12. C20:4 0·6

13. C20:4 0-3
14. EPA
15. C22:1 0-11
16. C21:5 0-3

17. C22:5 0-6
18. C22:5 0-3
19. DHA

Figure 1910.-1. - Chromatogram for thecomposition offarty acids infanned salmon oil

www.webofpharma.com



II-872 Salmon Oil

2

6

2022

3

4
5

1. ct C18:4

I
173.0

2. a: EPA 3. pC18:4

172.5

4. PEPA

172.0

5.a:DHA 6.pDHA

ppm

System suitability:
- signal-to-noise ratio: minimum 5 for the smallest relevant

peak corresponding to a. C18:4 signal (in the range
B 172.95-172.99 ppm);

- peak width at halfheight maximum 0.02 ppm for the
central CDCI, sigual (at Ii 11.16 ppm).

- irradiation frequency offset. 95 ppm;
- time domain: 64 K;
- pulse delay: 2 s;
- pulse program: zgig 30 (inverse gated, 30° excitation pulse);
- dummysrons: 4j
- number of scans: 4096.
Processing and plolling The following parameters may be
used:
- size: 64 K (zero-filling);
- window muln'plitation: exponential;
- Lorenteian broadening foetor: 0.2 Hz.
Use the CDCI, signal for shift referencing. The shift of the
central peak of the 1:1:1 triplet is set to 77.16 ppm.

Plot the spectral region B 111.5-113.5 ppm. Compare the
spectrum with the reference spectrum in Figure 1910.-2.
The shift values lie within the ranges given in Table 1910.-1.

Table 1910.-1. - Shift values

Figure 1910.-2. - Be NMR spectrum: carbonyl region offarmed salmon oil

similar to those in the type spectrum (Figure 1910.-2).
The oil to be examined complies with me limits of thisassay.

TESTS
Absorbance (2.2.25)
Minimum 0.10, measured at the absorption maximum
between 410 run and 480 run.

Dissolve 5.0 mL in 5.0 mL of rrimelhylpentane R.

Acid value (2.5.1)
Maximum 2.0.

Anisidioe value (2.5.36)
Maximum 10.0.

Peroxide value (2.5.5, Method A)
Maximum 5.0.

Unsaponifiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.

Linoleic acid (2.4.29)
Maximum 11.0 per cent.

Identify the peakdue [0 linoleic acid using the chromatogram
in Figure 1910.-1. Determine the percentage contentby
nonnalisation.

ASSAY
Positional distribution (p(2)-acyl) offatty acids
Nuclear magnetic resonance spectrometry (2.2.33).
Apparatus High resolution Ff-NMR spectrometer
operating at minimum 300 lvlHz.
Test sohuion Dissolve 190-210 mg of fresh salmon oll in
500 ~L of deuterated chloroform R. Prepare at least 3 samples
and examine within 3 days.
Acquisition of 13c NiWR spectra The following parameters
may be used:
- sweep width: 200 ppm (-5 to 195 ppm);

Signal

pOHA

aDHA

PEPA

a. EPA

~ C18:4

a: C18:4

Shift range
(ppm)

172.05 - 172.09

172.43·172.4.7

172.52 - 172.56
172.90 -172.94

172.56·172.60

172.95·172.99
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2022 Saquinavir Mesilate II-873

Calculation of positional distribution (P(2)-acyl) Use the
following expression:

lHethanesulfonyl chloride in methanesulfomc add are available to
assist manufacrurers.

PhE" _

___________~ PhE"

IX peakarea of the corresponding a-carbonyl peak;
fJ peakareaof fl-carbonyl peakfrom C22:6 n-3, C20:5 n-a or

elSA n-j, respecrfvely.

Time MobUe phase A Mobile phase B
(min) (per cent) (per cent)

0- I 50 50

I - 31 ; 50 -> 0 50 -> 100

CHARACTERS
Appearance
White or almost white, slightly hygroscopic powder.

Solubility
Practically insoluble in water, sparingly solublein methanol,
slightly soluble in ethanol (96 per cent).

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison saquinavir mesilate CRS.

TESTS
Specific optical rotation (2.2.7)
-42.0 to -35.0 (arthydrous substance).

Dissolve0.25 g in anhydrous methanol R anddilute to
50.0 mL with the samesolvent.
Related substances
Liquid chromatography (2.2.29).

Solvent mixture waterfor chromatography R, acetonitrile RJ
(47:53 VIV).

Testsolution Dissolve 30.0 mg of the substance to be
examined in the solvent mixture) usingsonication) and dilute
to 100.0 mL with the same solvent.
Reference soluuon (aJ Dilute 1.0 mL of the testsolution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve the contents of a vial of
saqu;na"jr for system suitabl1ity CRS (containing
impurities A, B, C and D) in 1.0 mLof me solvent mixture
and sonicate for 2 min.
Rsference solution (c) Dissolve 30.0 mg of saquinooir
mesilate CRS in the solvent mixture, usingsonication, and
dilute to 100.0 mL with the same solvent.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: spherical end-capped fKtadecylsilyl silica gel

for chromatography R (3.5 urn).

Mobile phase:
- mobile phaseA: 10 2.5 mL of strong sodium hydroxide

solution R add 900 mL of waterfor chromatography R,
adjust 10 pH 1.8 with perchloric acid R and dilute 10

1000 mL with waterfor chromatography R;
- mobile phaseB: mobilephaseA, aatonitrile RJ

(38:62 VIV);

FIwJ rat< 1.0 mUntin.
Detection Spectrophotometer at 2J0 nm.

Injection 10 ilL of me test solution and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with soqumooir for sysrem suitab11ity CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities AJ B) C and D.
Relative retention With reference to saquinavir (retention
time =about 17 min): impurity A =about 0.2;

**** ** ** ****

149845-06-7767

o ~o H H OH H H

H2N .H3~03H

(ph. Bur. monograph 2267)

Saquinavir Mesi.late

Action and use
Protease inhibitor; antiviral (HIV).

~p xlOO.+

DEFINITION
(2S)-N1

- [ ( IS,2R)-I-Benzyl-3-[(3S,4aS,8aS)- 3-[(1,1­
dimethylethyI)carbamoyl]oetabydroisoquinolin-2(1H)-yI]-2­
hydroxypropyl]-2-[(quinolin-2-ylcarbonyl)
amino]butanediamide methanesulfonate.

Content
97.5 per cent to 102.0 per cent (arthydrous substance).

PRODUCTION
It is considered that alkyl methanesulfonate esters are
genotcxic and arepotential impurities in saquinavir mesilate.
The manufacturing process should be developed taking into
consideration the principles of quality riskmanagement,
together with considerations of the quality of starting
materials, processcapability and validation. The general
methods 2.5.37. Methyl, ethyl and ~opropy/ methanesulfonate in
methanesulfonic acid, 2.5.38. Methyl, ethyl and ~opropy/

merhanesulfonau in activesubstances and 2.5.39.

Limits:
- cervonic (docosahexaenoic) acid (C22:6 n-3; DHA):

60 per cent to 70 per cent;
- timnodonic (eicosapentaenoic) acid (C20:5 n-3; EPA):

25 per cent to 35 per cent;
- moroaic acid (Cl8:4 n-3): 40 per cent to S5 per cent.

EPA and DHA (2.4.19)
See Figure 1910.-1.

STORAGE
In an airtight, wen-filled container, protected from light,
under inert gas.

LABELLING
The label states:
- me concentration of EPA and DHA, expressed as

triglycerides.
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II-874 Saquinavir Mesilate

impurity B := about 0.3; impurity C = about 0.5;
impurity D =about 0.9.

System suitability Reference solution (b):
- peak-to-va/ley ratio: minimum3, where Hp = height above

the baseline of the peakdue to impurity D and
H; = height above the baselineof the lowest point of the
curveseparating this peak from the peak due (0

saquinavir.
Limits:
- correction factors: for the calculation of content, multiply

the peakareas of the following impurities by me
corresponding correction factor: impurity A = O.5j
impurity B =0.5; impurity C =2.5;

- impJmiies A) B, C: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtainedwithreference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times me area of the principal peak in the
chromatogram obtainedwith reference solution (a)
(0.05 per cent);

- toeal: not more than 5 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(0.5 per cent);

- dirregard limit: not more than 0.3 times the area of the
principal peak in the chromatogram obtainedwith
reference solution (a) (0.03 per cent).

Water (2.5.1Z)
Maximum 1.0 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
lnj«.tion 10 ilL of the test solution and reference
solution (c).

Calculate the percentage content of saquinavir mesllate from
the assigned content of saquinavir mesilate CRS.

STORAGE
In an airtight container, protectedfrom light.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impurides (the following substances would, if
present at a sufficient leuel) be detected by one or other of the tests

in the monograph. They are limired by the general acceptance
aitenon for other/unspecified impuri,ies and/or by the general
monograph Subseances for pharmaceutical use (2034). I, is
therefore no' neussary to iden,ify these impuri,ies for
demonstration of compliance: See also 5.10. Conrral of impuriri£s
in substances forpharmoceusical use) D) EJ F) GJ H.

;

A. (2S}-4-amino-4-oxo-2-[(quinolin-2-ylcarbonyl)
amino]butanoic acid,

2022

B. ethyl (2S)-4-amino-4-oxo-2-[(quinolin-2­
ylcarbonyljaminojbutanoate,

~
H,C CH

- 0)< a

H,N
H... 7~:H CH,

HOH~

C. (3S,4aS,8aS}-2-[(2R,3S}-3-amino-2-hydroxy-4­
phenylbutyl)-N- (I, l-dimethylethyl)decabydroisoquinoline­
j-cerboxamide,

D. (2R)-N'-[( lS,2R)-I-benzyl-3-[(3S,4aS,8aS}-3-[(I,I­
dimethylethyl)carbamoyl]ocrabydroisoquinolin-2(11J}-yl)­
2-hydroxypropyl)-2-[(quinolin-2-ylcarbonyl)
amino]butanediamide (2-epi-saquinarir)J

E. (3S}-4-[((IS,2R)-I-benzyl-3-[(3S,4aS,8aS}-3-[(1 ,1­
dimethylethyl)carbamoyl)ocrabydroisoquinolin-2(11J}-yl]­
2-hydroxypropyl]amino]-4-oxo-3-[(quinolin-2-ylcarbonyl)
amino]butanoic acid,

F. N-[(1S}-2-[( IS,2R)-I-benzyl-3-[(3S,4aS,8aS}-3-[(I,I­
dimethylethyl)carbamoyl)octabydroisoquinolin-2(11J}-yl]­
2-hydroxypropyl)amino]-I-(cyanomethyl)-2-oxoethyl]
qulnoline-z-carboxamide,
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2022 Selegiline Hydrochloride II-875

____________________ PhE<I

A. Specific optical rotation (2.2.7): -12.0 to -10.0 (dried
substance).

Dissolve 2.00 g in carbon dioxide-free Water R and dilute to
20.0 mL with the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison selegiline hydrochloride CRS.
C. Enantiomeric purity (see Tests).

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
pH (2.2.3)
3.5 to 4.5.

Dissolve 0.20 g in carbon dioxide-free water R and dilute to
10 mL with the samesolvent.

Enantiomeric purity
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of me substance to be
examined in a mixture of 10 ~L of butylamine R and I mL of
2-propanol Rand dilute to 10.0 mL with the mobile phase.

Reference solucion (a) Dissolve 8.0 mg of (RS)-selegi/ine
hydrochloride CRS in a mixture of 10 ~L of butylamine Rand
I mL of 2-propanol R and dilute to 10.0 mL with the mobile
phase.
Reference solution (b) Dilute 0.5 mL of reference solution (a)
to 20.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: ullulose derivative of Sl1ica gelfor chiral

separation R.

Mobile phase 2-propano/ R, cydohexane R (0.2:99.8 VIV).

Flow rare I mlJmin.

Detection Spectrophotometer at 220 run.

Injeaion 20 ~L.

Relative retention With reference to (R}-selegiline (retention
time =about 6 min): impurity B =about 0.9.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity Band (R)-selegiline; if necessary, adjust the
concentration of 2-propanol in the mobile phase.

Limit:
- impwlty E: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (0.5 per cent),

Related substances
Liquid chromatography (2.2.29).

Butylammonium acetate buffer solution Dilute 4 mLof
butylamine R in 900 mL of water R, adjust to pH 6.5 with
acetic acid R and dilute to 1000.0 mLwithwaterR.
Test solutUm Dissolve 20 mg of the substance to be
examined in the mobile phaseand dilute to 10.0 mLwith
the mobile phase.
Reference solution (a) Dissolve 50 mg of the substance to be
examined and 10 mg of butylparahydroxybenzoat< R in the
mobile phase and dilute to 50.0 mL with the mobile phase.
Dilute 1.0 mL of the solution to 20.0 mL with the mobile
phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;

**** ** ** **.*

14611-52-0

Hel

223.7

(ph. Eur. monograph 1260)

Selegiline Hydrochloride

Action and use
Monoamine oxidase type B inhibitor; treatment of
Parkinson's disease.

Preparations
Selegiline Oral Solution

Selegiline Tablets

DEFINITION
N-Methyl-N-[(IR)-I-methyl-2-phenylethyl)prop-2-yn-l­
aminehydrochloride.
Content
99.0 per cent (Q 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in methanol, slightly soluble in
acetone and in ethyl acetate.

mp
About 143 "C.

IDENTIFlCATION
Carryout either tests A, B, D or tests B, C, D.

H. N-[(3S)-I-[(l S,2R)-I-benzyl-3-[(3S,4aS,8aS)-3-[(1,1-
d imethylethyl)carbamoyl)oClahydroisoquinolin-2(l H)-yl) ­
2-hydroxypropyl]-2,5-dioxopyrrolidin-3-yl)quinoline-2­
carboxamide.

PhE<I _

G. methyl (3S)-4-[[(IS,2R)-I-benzyl-3-[(3S,4aS,8aS)-3­
[( I ,I-dimethylethyl)carbamoyl]octahydroisoquinolin-2
( I H)-yl]-2-hydroxypropyl)aminoJ-4-oxo-3-[(quinolin-2­
ylcarbonyl)amino]butanoate,
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II-876 Selenium Sulfide 2022

PhEIr _

__________________~PhEIr

**** ** ** ****

7488-56-4

Selenium Sulfide
Selenium Disulphide

(Seknium Disulfide, Ph. Eur. monograph 1147)

ses, 143.1

Acdon and use
Used in treatment of dandruff andseborrhoeic dermatitis of
the scalp.

Preparation
Selenium Sulfide Scalp Application

DEFINITION
Content
52.0 per cent to 55.5 per cent of Se.

CHARACTERS
Appearance
Brightorange or reddish-brown powder.

Solubility
Practically insoluble in water.

IDENfIFICATION
A. Gently boil about 50 mg with 5 mL of nitric acidR for
30 min. Dilute to 50 mL with water R and fil'er. To 5 mL of
the filtrate add 10 mL of water Rand 5 g of urea R. Heat '0
boiling, cool and add 1.5 mL of potassium iodide solutWn R.
A yellow or orange colouris produced which darkens rapidly
on standing. 'Ibis solutionis used in identification test B.
B. Allow me coloured solution obtained under
identification A to standfor 10 min andfilter through
kieselguhr for chromatography R. 5 mL of the filtrate gives
reaction (a) of sulfates (2.3.1).

H OH

~NH~ and enanUomerV H:\CH3

E. N-methyl-N-[(IS)-I-methyl-2-phenylethyl]prop-2-yn-l­
amine,

D. N-[( I R)-I-methyl-2-phenylethyl]prop-2-yn-I-amine
(desmethylselegi1ine),

G. (2EZ)-3-chloro-N-methyl-N-[(IRS)-I-methyl-2­
phenylethyl]prop-2-en-l-amine.

CH,,
~I',N~ andeoantiomerV H~ CH3 CI

C. (lRS,2SR)-2-amino-l-phenylpropan-l-ol
(phenylpropanolamine),

- stationary phase: end-capped octylsilyl silica gelfor
chromatography R (5 urn).

"'labile phase ace{(mjtril~ RJ, butylammonium acetate buffer
solution (50:50 VIV).

F/1>aJ rale I mUntin.

Detection Spectrophotometer at 215 nm,

Injection 20 ~L.

Run time 1.7 times the retention time of selegiJine.
Relative retention With reference to selegiline (retention
time = about 14 min): butyl
parahydroxybenzoate = about 0.8.

System suitability Reference solution (a):
- resolution: minimwn 3.0 between the peaks due to butyl

parahydroxybenzoate and selegiline.
Limits:
- unspecified impurities: for each impurity, not more than the

area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than5 times the area of the principal peak
in the chromatogram obtained wilh reference solution (b)
(0.5 per cent);

- disregard limit: 0.5 timesthe area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying at
60°C at a pressure not exceeding0.5 kPa for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.180 g in 50 mL of acetic anhydritk R. Titrate with
0.1 M perchlori< acid, determining the end-point
potentiomelricaUy (2.2.2Cf).

I mL of 0.1 M petchlotic acid is equivalent to 22.37 mg
of C 13H18CIN.

STORAGE
Protected from light.

IMPURITIES
Specified impurities E.

Other detectable impurities (thefollowing substances uxndd, if
present at a sufficient level, be detected by oneor other of the tests

in the monograph. They are limited by thegeneral acceptance
ctitetion for other/unspecified impurities andtor by thegeneral
monograph Substances for phamlaceutical use (2034). It is
therefore not necessary to identify these impuruies for
demonstration of camp/iana. See also 5.10. Control of impurities
in substances forpharmaceutical uu) A, B, C, D, G.

A. (2RS)-N-methyl-l-phenylpropan-2-amine «RS)­
metamfetamine),

B. (2R)-I-phenylpropan-2-amine (arnfetamine),
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2022 Serine II-877

____________________ PIIE<I

PIlE" _

DEFINITION
(2S)-2-Amino-3-hydroxypropanoic acid.
Productof fermentation or of protein hydrolysis.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACfERS
Appearance
Whiteor almost white, crystalline powder or colourless
crystals.

Solubility
Freelysoluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B.
Second identificatitm: A, C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison serine CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance (0 be
examined in a 1 per cent VIVsolution of hydrochlmU: acidR
and dilute to 50 mL with the same solution.
Reference sdution Dissolve 10 mg of serine CRS in a
I per cent VIV solution of hydrochloric acidR and dilute to
50 mL with the same solution.

Pia" TLC silica gelpia" R.
Mobile phase glacial aurU acidRJ water RJ butanol R
(20:20:60 VlVllI).

Application 5 flL.
Development Over 2/3 of the plate.
Drying In air.

Deuction Spraywith ninhydrin solution R and heat at 105°C
for 15 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size to
the principal Spot in the chromatogram obtained with the
reference solution.
D. To I mL of a 10 gIL solution of the substance to be
examined In a test tube, add 5 mL of a 20 gIL solutionof
sodium periodate R. Heat on a water-bath and collect the
vapour on glass wool moistened with water R and inserted in
the opening of the test tube. After heating for 5 min, transfer
the glass wool to a test tube containing I mL of a 15 gIL
solution of chromotrepic acid, sodium saltRand 3 mL of
sulfun'c acid R. Heat on a water-bath for 10 min. A violet-red
colour is produced.

TESTS
Solution S
Dissolve 2.5 g in distilkdwaur R and dilute to 50 mL with
the samesolvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, MetJwd II).

Specific optical rotadon (2.2.7)
+ 14.0 to + 16.0 (dried substance).

Dissolve 2.50 g in dilu" hydrochloric acid R and dilute to
25.0 mL with the same acid.

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method I.

The concentrations of the test solution and the reference
solutions may be adapted according to the sensitivity of the
equipment used. The concentrations of aU solutions are
adjusted so thatthe system suitability requirements described
in general chapter 2.2.46 arefulfilled, keeping the ratios of
concentrations between all solutions as described.
Solution A diiuu hydrochloric acid R1 or a sample preparation
buffer suitable for the apparatus used.
Test solution Dissolve 30.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solution A.
Referencesolution (a) Dilute 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 2.0 mL of this solution to
10.0 mL with solution A.
Referencesdution (b) Dissolve 30.0 mg of proline R in
solution A and dilute to 100.0 mL with solution A. Dilute
1.0 mL of the solution to 250.0 mL with solution A.

5645-1105.1

H NH,
HO--./(

CO,H

Action and use
Amino acid.

C,H7NO,

Serine

TESTS
Soluble selenium compounds
Maximum 5 ppm, calculated as Se.
To 10 g add 100 mL afwater R, mix well, aUow to stand for
I h with frequent shaking and filter. To 10 mL of the filtrate
add 2 mL of a 115 gIL solution of anhydrous formic acid R,
dilute to 50 mL with waterRand adjust to pH 2.0-3.0 with
an 115 gIL solution of anhydrous formic acid R. Add 2 mL of
a 5 gIL solution of 3,3'-diaminobenzidine tetrabydrochloride R.
Allow to stand for 45 min and then adjust to pH 6.0-7.0
with dilute ammonia Rt. Shake the solution for 1 min with
10 mL of toluene R and allow the phases to separate.
The absorbance (2.2.25) of the upper layer measured at
420 nm is not greater than that of a standard prepared at the
same time and in the samemanner beginning at the words
"add 2 mL of an 115 gIL solution of anhydrous formic acidR"
and using 5 mL of selenium standard sdution (J ppm Se) R
instead of 10 mL of the filtrate.

ASSAY
To 0.100 g add 25 mL ofjuming niuic acid R and heat on a
water-bath for 1 hi a smallinsoluble residue may remain.
Cool and dilute to 100.0 mL with walerR. To 25.0 mL of
this solution add 50 mL of water Rand 5 g of urea Rand
heat to boiling. Cool, add 7 mL ofpotassium iodide solution R
and 3 mL of starch solution R. Titrate immediately with
0.1 M sodium thiosulfate. Carry out a blank titration.
I mL of 0.1 M sodium thiosulfa" is equivalent to 1.974 mg of
Se.

(Ph. Bur. monograph 0788)
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99592-39-9

andenanliomer • HN03

500.8

Action and use.
Antifungal.

PhE" _

Sertaconazole Nitrate

C. (2S)-2-amino-3-(imidazol-4-yl)propanoic acid (histidine).
_____________________ PhE"

(pk. Eur. monograph //48)

ASSAY
Dissolve 0.100 g in 3 mL of anhydrousfonnic acidR.
Add 30 mL of anhydrous ace';'; acid R. Titrate with O. / M
perch/oTic acid, determining the end-pointpotentiometrically
(2.2.20).
I mL of 0./ M perckloric acid is equivalent <0 10.51 mg of
C,H7NO,.

STORAGE
Protected from light.

IMPURITIES
Otherdetectable impurities (tbefollowing subsranmwould, if
present at a sufficient level, bedetected by oneor other of the tests

in the monograph. They arelimited by thegeneral aa:eptanu
cruetion for other/unspecified impun·ties. It is therefore not
necessary to identify these impurities for demonstration of
compliance. Seealso 5.10. Control of impun'ties in substances for
pharmaceutical use) AJ BJ C.

B. 2-aminoacetic acid (glycine),

A. (2S)-2-antinopropanoic acid (alanine),

DEFINlllON
(RS)-I-[2-[(7-Chloro-I-benzothiophen-3-yl)methoxy]-2-(2,4­
dichlorophenyl)ethyll-IH-imidazole nitrate.

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite powder.

Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (100 ppm NH,) R to 50.0 mL with solution A. Dilute
1.0 mL of this solution to ·100.0 mL withsolution A.

Reference solution (d) Dissolve 30 mg of isoleucine Rand
30 mg of leucine R in solution A and dilute to 50.0 mL with
solutionA. Dilute 1.0 mL of the solution to 200.0 mL with
solution A.
Bionk soluoon Solution A.

Inject suitable, equal amountsof the test, blank and reference
solutions into the amino acid analyser. Run a program
suitable for the determination of physiological amino acids.
System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due 10

isoleucine and leucine.
Calculation of perantagecontents:
- for any ninhydrin-positive substance detectedat 570 om)

use the concentration of serine in .reference solution (8);
- for any ninhydrin-positive substance detected at 440 nm,

use the concentration of proline in reference solution (b);
if a peak is above the reporting threshold at both
wavelengths, use the result obtained at 570 nm for
quantification.

Limits:
- any ninhydn'n-positive substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

Chlorides (2.4.4)
Maximum 200 ppm.
Dilute 5 mL of solution S to 15 mL with waterR.

Sulfates (2.4. /3)
Maximum 300 ppm.
Dilute 10 mL of solution S to 15 mL with distl7kd waterR.

Ammonium
Amino acid analysis (2.2.56) as descrihed in the test for
ninhydrin-positive substances with the following
modifications.
Injection Test solution, reference solution (c) and blank
solution.
Limit:
- ammonium at 570 nm: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (c) (0.02 per cent), taking into account
the peakdue to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 g in 10 mL of dilute
hydrocklori< acidR. Shake with 3 quantities, each of 10 ml.,
of methylisobutyl keumeRl, shaking for 3 min each time.
To thecombinedorganic layers add 10 mL of waterRand
shake for 3 min. Use the aqueous layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g.

-,
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A. (I RS)-I-(2A-dichlorophenyl) -2-( 1H -imidazol-I-yl)
ethanol,

Reference solution (b) Dissolve 5.0 mg of sertaconazole
nitrate CRS and 5.0 mg of miconazole nitrate CRS in the
mobile phase and dilute to 20.0 mL with the mobilephase.
Dilute 1.0 mL of this solution to 50.0 mL with the mobile
phase.
Column:
- size: I = 0.25 rn, 0 = 4.0 mm;
- stationary phase: nitrile silica gelfor chromatography R1

(10 urn),

Mobile phase acetonurile RJ, 1.5 gIL solutionof sodium
dihydrogen phosphate R (37:63 VII').

Flow rate 1.6 mUmin.

Deuaion Spectrophotometer at 220 run.
Injmion 20 ~L.

Run time 1.3 times the retention time of sertaconazole.

Retention time Nitrate ion =about 1 min; miconazcle =
about 17 min; sertaconazole = about 19 min.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaksdue to

miconazoJe and sertaconazole,

Lfmits:
- impurities A) BJ C: for each impurity, not more than the

area of the principal peak in the chromatogram obtained
with reference solution (a) (0.25 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.5 per cent);

- disregard li'mit: 0.2 times the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent); disregard the peakdue to the nitrate ion.

Water (2.5.12)
Maximum 1.0 per cent, detennined on 0.50 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 mL of a mixture of equal volumes of
anhydrous acetic acid R and methYl ethylhearne R. Titrate with
0.1 M perchlori< acid, determining the end-point
potentiometrically (2.2.21J). Carry out a blank titration.

I mL of 0.1 M perchlori< acid is equivalent to 50.08 mg
of C,oH J6Cl,N,O.S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C.

Solubility
Practically insoluble in water, soluble in methanol, sparingly
soluble in ethanol (96 per cent) and in methylene chloride.

IDENTIFICATION
First identification: A, C.

Second identification: A, B, D, E.
A. Melting point (2.2.14): 156"C to 161 "C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 0.1 g in methanol R and dilute to
100 mL with the same solvent.Dilute 10 mL of this solution
to 100 mL with methanol R.
Spectral range 240-320 run.

Absorption maxima At 260 run, 293 run and 302 run.

Absarbance ratio A JO/A 293 = 1.16 to 1.28.

C. Infrared absorption spectrophotometry (2.2.24).

Preparation Dry the substances at 100-105 "C for 2 h and
examine as discs of potassium bromide R.
Comparison sertaconazole nitrate CRS.
D. Thin-layer chromatography (2.2.27).

Solventmixture concentrated ammonia R, methanol R
(10:90 VII').
Test solution Dissolve 40 mg of the substance to be
examined in the solventmixture and dilute to 10 mL with
the solventmixture.
Reference solulion (a) Dissolve 40 mg of serracanazole
nitrate CRS in the solvent mixture and dilute to 10 mL with
the solvent mixture.
Reference solution (b) Dissolve 20 mg of miconasole
nitrate CRS in reference solution (a) and dilute to 5 mL with
reference solution (a).
Plate TLC silica gelG plate R.
Mobile phase concentrated ammonia R, toluene R, dioxan R
(I :40:60 VIVII').
Appliration 5 ~L.

Development Overa path of 15 em.
Drying In a current of airfor 15 min.
Detection Expose to iodine vapour for30 min.
System suicabiliiy Reference solution (b):

- the chromatogram shows 2 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position) colour and size to
the principal spot in the chromatogram obtainedwith
reference solution (a).
E. About 1 mg gives the reaction of nitrates (2.3.1).

TESTS
Appearance of solution
The solutionis clear(2.2.1) and not more intensely coloured
than reference solutionYs (2.2.2J lWethod II).
Dissolve 0.1 g in ethanol (96 pereenV R and dilute to 10 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test sohuion Dissolve 10.0 mg of the substance to be
examined in the mobilephase and dilute to 10.0 mL with
the mobilephase.
Reference ,oIution (a) Dilute 5.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution (Q 20.0 mL with the mobilephase.

CI

a~
H •

HO~
N

(J
and enanUomer
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PhE", _

____________________ PhE'"

C. Dissolve 10 mg in 5 mL of anhydrous ethanol R and add
5 mL of water R. The solution gives reaction (a) of chlorides
(2.3.1).

D. Enantiomeric purity (see Tests).

TESTS
Enantiomeric purity
Liquid chromatography (2.2.29). Prepare the testsolution
immediaulybefore use.
Solvent mixture diethy/amine R, hexane R, 2-propano/ R
(1:40:60 VIVIV).

Testsolution Dissolve 60.0 mg of me substance to be
examined in me solventmixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (aJ Dissolve me contentsof a vial of
serrraline for system suitability CRS (containing impurity G) in
1 mLof the solventmixture.
Reference solmion (b) Dilute 0.5 mL of the test solution to
100.0 mL with the solventmixture.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: amylose tkrivative of silka gelfor chiral

separation R (5 urn).

Mobilepltase Mix 30 volumes of hexane R and 70 volumes
of a mixture of 1 volume of diethylamine R, 25 volumesof
2-propanol Rand 975 volumes of hexane R.
Flow rate 0.4 rnUmin.

Deuakm Spectrophotometer at 275 om.
Injection 20 J!L.
Run time Twice me retention time of sertraline.
Identification of impun'ties Use the chromatogram supplied
with sertro1ine for system suitability CRS and the chromatogram
obtainedwith reference solution (a) to identify the peakdue
10 impurity G.
Relative retention Withreference to sertraline (retention
time =about 15 min): impurity G =about 1.3.

System suitability:
- resolution: minimum 1.5 between the peaks due to

sertraline and impurity G in the chromatogram obtained
with reference solution (s);

- signal-to-noise ratio: minimum 10 for the peakdue to
sertraline in the chromatogram obtained with reference
solution (b).

Limit:
- impurity G: not more than 3 times the area of the

principal peakin the chromatogram obtainedwith
reference solution (b) (1.5 per cent).

ImpurityE
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase A, mobile phase B
(50:50 VIV).

Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 5.0 mg of serrraline
impurityB CRS (mandelic acid) in the solvent mixture and
dilute to 25.0 mL with the solvent mixrure. Dilute 1.0 mL of
the solution to 100.0 mL with the solvent mixture.
Reference solution (b) Dissolve 10 mg of benzoic acidRand
20 mg of mandelic acid R (impurity E) in the solvent mixture
and dilute to 50 mL with the solventmixture. Dilute 1 mL
of the solution to 50 mL with the solventmixture.

79559-97-0

, HCI

342.7

CI CI

Action and use
Selective serotoninreuptake inhibitor; antidepressant.

Preparation
Sertraline Tablets

50'"'
-o

B. 3-(bromomethyl)-7-chloro-f-benzothiophen,

(Ph. Bur. monograph 1705)

Sertraline Hydrochloride

C. (7-chloro-I-benzothiophen-3-yl)methanol.

5JOH-o

DEFINITION
(IS,4S)-4-(3,4-Dichlorophenyl)-N-methyl-I,2,3,4­
tetrahydronaphthalen-I-amine hydrochloride.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACfERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Slightly soluble in water, sparingly soluble or slightly soluble
in anhydrous ethanol, slightly soluble in acetone and in
2-propanoI.

It shows polymorphism (5.9).

IDENTIFICATION
Carry out either tests A, B, C or tests B, C, D.

A. Specific optical rotation (2.2.7): + 38.8 to + 43.0
(anhydrous substance), measured at 25 "C,
Solvent mixture Dilute 1 volume of a 103 gIL solution of
hydrochloric acidR to 20 volumes with methanol R.
Dissolve 0.250 g in the solvent mixture and dilute to

25.0 mL with the solvent mixrure.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison serrraline hydrochloride CRS.
If the spectra obtainedin the solid state show differences,
record new spectra using 10 gILsolutions in mtlhylene
chloride R.
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Detection Flame ionisation.
Injection 1 ~L.

Identification of impurities Use me chromatogram supplied
with senraline for peak identification CRS and the
chromatogram obtained withreference solution (a) to
identify the peaks due to impurities A, B, C and F.
Relative retention Withreference to senraline (retention
time :::: about 24 min): impurity B :::: about0.5; impurities C
and D =about 0.7; impurity A =about 1.05;
impurity F = about 1.1.

System suitability Reference solution (a):
- peak-wJVaUey ratio: minimum IS, where HI' = height

above the baseline of thepeakdue to impurity A and
Hu = heightabove the baseline of the lowest point of Ute
cwve separating thispeakfromthe peakdue to sertraline,

Limits:
- sumof impurities C and D: maximum 0.8 per cent;
- impurities A, B.. F: for each impurity, maximum

0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- lOud: maximum 1.5 per cent;
- reporting threshold: 0.05 percent (reference solution (b».

Water (1.5.11)
Maximum 0.5 percent, determined on 2.00 g.

Sulfated ash (1.4./4)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (1.1.19).

Buffer solution To 28.6 mL ofglacialacetic acid R slowly
add, while stirring and cooling, 34.8 mL of triethylamine R,
and dilute to 100 mL with waterfor chromatography R. Dilute
10 mL of this solution to 1000 mL with waur for
chromatography R.
Testsolution Dissolve 55.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase. Dilute 5.0 mL of the solution to 100.0 mL
with the mobile phase.

Reference solution Dissolve 55.0 mg of senraline
hydrochloride CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase.Dilute 5.0 mL of chis solution to
100.0 mL with the'mobile phase.

Column:
- size: 1= 0.15 01, 0 = 3.9 mm;
- stationary phase: end-capped octodecylsi/yl silica gelfor

chromatography R (4 urn);
- temperature: 30 °C.

lvlobile phase methanol R, buffer solution, acetonitrile R
(15:40:45 VIVIV).

Flew rate 1.8 mUmin.

Detection Spectrophotometer at 254 nm.

Injection 20 ~L.

Column:
- size: I;:; 0.25 m, 0 == 4.6 mID;
- stationary phase: end-capped octaduylsilyf silica gelfor

chromatography compatible with lOOpercent aquecus mobile
phases R (3 urn).

Mobile phase:
- mobile phase A: dissolve 1.0 g of sodium lou';lsulf.,. R in

800 mL of waterfor chromatography R and add 200 mL of
acetonilrile for chromatography R; add 1.0 mL of phosphoric
acid R and mix;

- mobile phase B: dissolve 1.0 g of sodium laurilsulfate R in
100 mL of waterfor chromatography R and add 900 mL of
acetonitrile for chromatography Rj add 1.0 mL of phosphonc
acidR and mix;

Time Mobile phase A Mobile phase B
(min) (per cent VJ1I) (per cent VIP)

0-8 60 40
8-9 60 -lo 10 40 -; 90

9 - L6 10 90

Flew rate 1 mUmin.
Detection Spectrophotometer at 220 om.

Injection 10 ~.

Identification 0/peaks Use the chromatogram obtained with
reference solution (a) to identify the peak due to impurity E;
use the chromatogram obtained with reference solution (b) to
identify the peakdue to benzoic acid.
Relativeretention With reference to sertraline (retention
thne e about 18 min): impurity E ;:; about 0.2; benzoic
acid =about 0.3.

Systemruitabihiy Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

impurity E and benzoic acid.
Limit:
- impun·ty E: not more than the area of the principal peakin

the chromatogram obtainedwith reference solution (a)
(0.2 per cent).

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Test solution Introduce 0.250 g of me substance to be
examined into a 15 mL stoppered centrifuge tube, add
2.0 mL of methanol Rand 0.20 mL of a 25 per cent solution
of potassium carbonate R and mix in a vortexmixerfor 30 s.
Add 8.0 mL of melhykne chloride R, stopper the rube and mix
in a vortex mixer for 60 s. Add 1 g of anhydrous sodium
sulfate R, mix well and then centrifuge for about 5 min.
Reference solution (aJ Dissolve the contents of a vial of
senraline for peak identification CRS (containing impurities
A, B, C and F) in 0.2 mL of merhylene chloride R.

Reference solution (b) Dilute 1.0 mL of the test solution '0
100.0 mL with methylene chloride R. Dilute 1.0 mL of this
solution to 20.0 mL with methylene chloride R.
Column:
- material: fused silica;
- size: I :::: 30 01, 0 = 0.53 mm;
- stationary phase: phenyl(50)melhyl(50)po/yn70xane R (film

thickness 1.0 um).

Carrier gas helium for chromawgraphy R.
Flow rate 9 mUmin.
Split ratio I:10.

Temperature:

Column

Injection pon

Detector

Tim'
(min)

o· I

I - 31

31 - 39

Temperature
('C)

200

200 -+ 260

260

250

280
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RU1I time Twice the retention time of sertraline.

Retention time Sertraline = about 1.9 min.

Calculate the percentage content of C17H1SCI3N taking into
account the assigned content of senraline hydrochloride CRS.

STORAGE
Protected from light.

IMPURlTffiS
Specified impun"ties A, B, C, D, E, F, G.

and enantiomer

A. (IRS,4SR}-4-(3,4-dichlorophenyl)-N-methyl-I,2,3,4­
tetrahydronaphthalen-Icamine,

C§'" IH.•H•.N-"'"

andenanliomer

"' H

o

o¢
QH

C1 CI

F. (4R)-4-(3, 4-dichlorophenyl)-3,4-dihydronaphthalen-1
(2H)-one,

G. (IR,4R)-4-(3,4-dichlorophenyl)-N-methyl-I,2,3,4­
tetrahydronaphthalen-I-arnine (sertraline euantiorner).

____________________ PIIE"

Refined Sesame Oil

B. (IRS,4RS)-N-methyl-4-phenyl-I,2,3,4­
tetrahydronaphthalen-l-amine,

Sesame Oil

(ph. Eur. monograph 0411)
PIlE" ~ _

CI

E. (2R)-hydroxyphenylacetic acid «R)-mandelic acid),

CHARACTERS
Appearance
Clear, lightyellowliquid, almost colourless.

SolubiIlty
Practically insoluble in ethanol (96 per cent), miscible with
lighr petroleum.

Relative density
About 0.919.

Refractive index
About 1.473.

It solidifies to a butter-like mass at about -4°C.

DEFINITION
Fattyoil obtained from the ripe seeds of Sesamum mdicum L.
by expression or extraction. It is thenrefined. Improved
colourand odourmaybe obtained by further refining. It may
contain a suitable antioxidant.

IDENTIFICATION
First identification: A.

Second identification: B.

A. Composition of triglycerides (see Tests).

B. Identification of fatty oils by thin-layer chromatography
(2.1.2).

Results The chromatogram obtained is similar to the
corresponding chromatogram shown in Figure 2.3.2-1.

TESTS
Acid value (2.5.1)
Maximum 0.5, determined on 10.0 g; maximum 0.3 if
intended foruse in Ute manufacture of parenteral
preparations.

andenanUomer

andenanliomer

H HN-CH:t
\

H HN-CH3
\

OxC~
H OH

C. (IRS,4RS)-4-(4-cWorophenyl)-N-methyl-I,2,3,4­
tetrahydronaphthalen-I-arnine,

D. (IRS,4RS)-4-(3-chlorophenyl)-N-methyl-I,2,3,4­
tetrahydronaphthalen-Icarnine,
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Figure 0433.- I. - Chromatogram for the composition of triglycerides ill refilled sesame oil

cover concentrations ranging from the disregard limit
(0.5 per cent) to the upper limit fer OIL (30.0 per cent).

Plot the logaritlun of the area of the peak due to triolein
against the logaril:hm of the concentration of triolein in the
reference solution.

Column 2 columns coupled in series:
- size0/each column: I :::; 0.25 m, 0 :::; 4 rnm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(4 pm).

Mobrle phase:
- mobile phaseA: acetone R, methylene chloride R,

IlUtollitrile R (5:15:80 VIVII');
- mobile phase B: acetone R, acetonitrile R, methylene chloride R

(20:20:60 VIVII');

Peroxide value (2.5.5)
Maximum 10.0; maximum 5.0 if intended for use in me
manufacture of parenteral preparations.

Unsaponifiable matter (2.5.7)
Maximum 2.0 per cent, determined on 5.0 g.

Alkaline impurities (2.4.19)
It complies with the test for alkaline impurities in fatty oils.

Cottonseed oil
Mix 5 mL in a test-tube with 5 mL of a mixture of
equal volumes of pentanol R and a 10 gIL solution of
sulfurR in car/Jon disulfide·R. Warm the mixture carefully
until the carbon disulfide is expelled, and immerse the tube
to 1/3 of its depth in boiling saturated sodium chloride
solution R. No reddish colour develops within 15 min.

Composition of triglycerides
Liquid chromatography (2.2.29).

Testsolution Dilute 50.0 mg of the substance to be
examined to 10.0 mL with a mixture of equal volumes of
a"'WIIe R and methylelle chloride R.
Reference solutions Dissolve 80.0 mg of triolein R in a mixture
of equal volumes of autone R and methylene chloride Rand
dilute to 50.0 mL with the same mixture of solvents. Prepare
5 reference solutions by dilution of this solution so as to

Time
(mln)

0-15

15 - 25

25 -70

70·75

75 - 80

Flow rale 1.0 mUmin.

MobUe phase A
(per cent VIJI)

100 ..... 75

75

75 ..... 0

o -> 100

100

Mobile phase B
(per cent Vfl')

o ..... 25

25
25 ..... 100

100 ..... 0

o
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Ph,,, _
DEFINITION
1,1,1,3,3,3-Hexafluoro-2-(ftuoromethoxy)propane.

CHARACTERS
Appearance
Clear, colourless, volatile liquid.

Solubility
Slightly soluble in water, miscible with ethanol (96 per cent).

Relative density
About 1.52.

bp
About 59 'C.
It is non-flammable.

It decomposes in the presence of Lewisacids; this
decomposition is inhibited by water in sufficient quantity.

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Examine the substance in the gaseous state or in
the liquid state.

Comparison seoofturane CRS.

TESTS
Acidity or alkallnlty
Introduce 20.0 mL of the substance to beexamined and
20 mL of carbon dioxide-free waterR into a separating funnel,
shake for 3 min and allow to stand. Collect the aqueous
upper layer and add 0.2 mL of bromocresolpurple sollllion R.
Not more than 0.10 mL of 0.01 M sodium hydroxide or
0.60 mL of 0.01 M hydrochlori< acidis required to change the
colour of the indicator.

Refractive index (2.2.6)
1.2745 to 1.2760.

Related substances
Gas chromatography (2.2.28).

Internal standard methylal R.
Test solution Introduce 20.0 mL of the substance to be
examined into a vial and seal with a cap and septum. Using a
microsyringe, add 5 ~L of the internal standard and mix
thoroughly.

Reference solution (a) Introdnce 2.0 mLof ethylene chloride R
into a screw-cap vial and immediately seal with a cap and
septum. Using a microsyringe, add about 20 IJLof the
substance to be examined. Record the quantity added, in
milligrams, of the substance to be examined (M:0. Then,
using a micrcsyringe, add about 20 IJLof the internal
standard. Record the quantity added) in milligrams, of the
internal standard (M,).

Reference solution (b) seoofiumne for system ,uitability CRS
(containing impurities A and B).

**** ** ** ****

28523-86-6200.1

(Ph. Eur. monograph 2269)

Sevoflurane

Action and use
General anaesthetic.

Detection Evaporative light-scattering detector; the foUowing
settings have been found to be suitable; if the detector has
different setting parameters, adjust the detector settings so as
to comply with the system suitability criterion:
- cattiergas: nitrogen Rj
- flow rate: 0.7 Umin;
- euaporator temperature: 85 "C;
- nebuliser temperature: 45 "C.

Injection 20 ~L.

Identification ofpeaks Use the chromatograms obtained with
the reference solutions to identify me peak due to triolein;
identify the other peaks using the chromatogram shown in
Figure 0433.-1. The fatty acids are designated as
linolenic (In), linoleic (L), oleic (0), palmitic (P) and
stearic (S).

System suitability Test solution:
- resolution: minimum 1.5 between the peaks due to 000

(triolein) and SOL.

Using the calibration curve obtained with the reference
solutions) determine the percentage content of each peak
with an area greater than that of the peak corresponding [Q

the disregard limit (0.5 per cent). Assuming that the sum of
these percentage contents is lOOper cent, normalise the
percentage content of each of the 8 triglycerides specified
below.

Composition of triglycerides:
- LLL: 7.0 per cent to 19.0 per cent;
- OLL: 13.0 per cent to 30.0 per cent;
- PLL: 5.0 per cent [Q 9.0 per cent;
- DOL: 12.0 per cent [Q 23.0 per cent;
- POL: 6.0 per cent to 14.0 per cent;
- 000: 5.0 per cent to 16.0 per cent;
- SOL: 2.0 per cent to 8.0 per cent,
- POD: 2.0 per cent to 10.0 per cent.

Water (2.5.32)
Maximum 0.1 per cent) determined on 1.00 g.

STORAGE
In an airtight, well-filled container, protected from light;
if intended for use in the manufacture of parenteral
preparations store under an inert gas in an airtight container.

When the container has been opened) its contents are to be
used as soon as possible. Any part of the contents not used
at once is protected by an atmosphere of an inert gas.

LABELLING
The label ,tares:
- whether the oil is obtained by expression or extraction;
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations;
- where applicable, the name of the inert gas used.
_____________________ Ph,,,
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0.859 X R, x 250

1.52 xF,

Limits:
- impun'ty A: maximwn 25 ppm;

Calculate the content of each impurity in the substance to be
examined, in parts per million, using the following
expression:

0.859 relative density of the internal standard;
1.52 relativedensity of sevoffuranej
R. ratio of the area of the peak due to the impurity to the area of

the peak due to the internal standard from the chromatogram
obtained with the test solution;

~l relative response factor for referencesolution (a).

- impurity B: maximum 100 ppm;
- unspecified impurities: for each impurity, maximum

100 ppm;
- total: maximum 300 ppm;
- disregard limit: the area of the peak due to sevoflurane in

the chromatogram obtained with reference solution (c)
(5 ppm).

Fluorides
Maximum 2 ~glmL.

Potentiometry (2.2.36, Method I). Use plastic utensils
throughout this test.

Buffer solution Dissolve 0.5 g of sodium citrate Rand 55 g of
sodium chloride R in 350 mL of wale' R. Carefully add 75 g of
sodium hydroxide R and shake to dissolve. Cool to room
temperature and carefully add 225 mL of glacial aceuc acidR
while stirring. Cool and add 300 mL of 2-propanol R. Dilute
With waterR to 1000.0 mL. The apparent pH of this solution
is between 5.0 and 5.5.

Test solurion Introduce 50.0 mL of the substance to be
examined and 50.0 mL of waterR into a separating funnel,
shake vigorously for 3 min and allow the layers to separate
completely. Dilute 25.0 mL of the upper aqueous layer to
50.0 mL with the buffer solution.

Fluoride standard solution (1000 ppm F) Dissolve 221.0 mg
of sodium fiuonde R, previously dried at 150 'C for 4 h, in
waterR. Add 1.0 mL of 0.01 M sodium hydroxide and dilute
to 100.0 mL with waterR.

Reference stock solutions Dilute the fluoride standard solution
(1000 ppm F) with waterR to obtain solutions having known
concentrations of about 5 J.lg, 2 J.lg, 0.5 J.lg, and 0.2 J.lg of
fluoride per millilitre.

Reference solulions Dilute 25.0 mL of each reference stock
solution to 50.0 mL with the buffer solution.

Indicator electrode Fluoride-selective.

Reference electrode Silver-silver chloride.

Apparatus Voltmeter capable of a minimum reproducibility
of ± 0.2 mY.

Carry out the measurements on the reference solutions and
test solution. To take measurements, transfer the solution
under test to a 100 mL beaker containing a
polytetratluoroethylene-coated magnetic stirring bar, and
inunerse the electrodes. Allow to stir on a magnetic stirrer
with an insulated top until equilibrium is attained (about
2-3 min), and record the potential. Rinse the electrodes with
the buffer solution and dry, taking care to avoid damaging
the crystal of the specific-ion electrode.

Calculate the concentration of fluorides using the calibration
curve.

Non-volatile residue
Maximum 100 mg/L.

Transfer lO.O.rnL to a tared evaporating dish, evaporate to
dryness on a water-bath and dry the residue at 105°C for
2 h. The residue weighs a maximum of 1.0 mg.

Water (2.5.1Z)
Maximum 0.050 per cent mlm, determined on 10.0 mL

STORAGE
In an airtight, stainless-steel container, protected from light.

IMPURITIES
Specified impurities A, B.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneorother of the tests
in the monograph. They are limited by thegeneral acceptance

40

40 ---> 200

200

200

225

Temperature
CC)

Tbn.
(min)

0- to
10 - 26

26 - 40
Injection port

Detector

Column

M1 = mass of the internal standard in referencesolution (a), in
milligrams;

M 2 mass of the substance to be examined in referencesolution (a),
in miUigramsj

R ratio of the area of the peak due to sevofluraneto the area of
the peak due to the internal standard from the chromatogram
obtained with reference solution (a).

Reference solution (c) Introduce 20.0 mL of ethylene
chloride R into a vial and seal with a cap and septum. Using a
micrcsyringe, add 20 J.tL of the substance to be examined
and mix thoroughly. Dilute 0.5 mL of this solution to
100.0 mL with ethylene chloride R.
Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 nun;
- slJ1tionary phase: cyanopropyl(3)pheny/(3)methy/(94)

poIysiloxane R (film thickness 3 um),

Carrier gas helium for chromatography R.
Flow rate 1.0 mUmin.
SpI,i ratio 1:20.

Temperature:

Detection Flame ionisation.
Injection 2 J.ll.,j rinse the syringe with a solution containing
ethylene chloride R before injection of the reference solutions;
rinse the syringe with the substance to be examined before
injection of the test solution.

Identification of impurities Use the chromatogram supplied
with seoofiurone for system suilJ1bilily CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A and B.

Relative retention With reference to sevoflurane (retention
time =about 6.6 min): impurity A =about 0.78;
impurity B =about 0.83; internal standard =about 1.35.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurities A and B.

Calculate the relative response factor (FI ) for reference
solution (a), using the following expression:
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IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solulion Heat 0.25 g of the powdered substance (500)
(2.9.12) on a water-bath with 2 mL of dilure sodium hydroxide
solution R for 5 min. Cool) add 5 mL of ethylaalate Rand
slowly) with stirring) 2 mL of dilute acetic acidR. Shake and
filter the upper layer through anhydrous sodium sulfare R.

Reference solution Dissolve 6.0 mg of alewiuc acidR in
1.0 mL of methanol R, heating slightly if necessary.

Plare TLC silica gelFm plare R.
Mobile phase acetic acidR) methanol R) methylene chloride RJ

echy/ amare R (1:8:32:60 VIVIVIJI).

Application 10 ~L, as bands.

Development Twice over a path of 15 ern.

Drying In ale.
Detection Spray with anisaldehyde solution RJ heat at
100-105 "C for 5-10 min and examine in daylight.

Results The chromatogram obtained with the lest solution
shows several coloured zones, one of which is similar in
position and colour to the zone in the chromatogram
obtained with the reference solution. Above this zone the
chromatogram obtained with the test solution shows a pink
zone and below it several violet zones. Below the zone due to
aleuritic acid) there is a light blue zone (shelloJic acid)
accompanied by zones of the same colour but of lower
intensity. Other faint grey and violet zones may bevisible.

B. Examine the chromatograms obtained in the lest for
colophony.

Results For wax-containing shellac, in the chromatogram
obtained with the test solution) a more or less strong bluish­
grey zone is visible) just above the zone due to
thymolphthalein in the chromatogram obtained with the
reference solution; for dewaxed shellac) no such zone is
visible just above the zone due to thymolphthalein in the
chromatogram obtained with the reference solution.

TESTS
Acid value (2.5.1)
65 to 95 (dried substance).

Examine 1.00 g of the coarsely ground substance. Determine
the end-point potentiometrically (2.2.20).

Colophony
Thin-layer chromatography (2.2.27) as descrihed under
identification test A with the following modifications.

Test solution Dissolve 50 mg of the powdered substance
(500) (2.9.12), with heating, in a mixture of 05 mL of
methylene chloride Rand 05 mL of methanol R.
Reference solution Dissolve 2.0 mg of chymolphthalein R in
1.0 mL of methanol R.
Detection Examine In ultraviolet light at 254 nrn; mark. the
quenching zones in the chromatogram obtained with the test
solution that have similar Rp values to that of the quenching
zone due to thymolphthalein in the chromatogram obtained
with the reference solution; spray with anisaldehyde solution R)
heat at 100-105 "C for 5-10 min and examine in daylight.

Results The chromatogram obtained with the reference
solution shows a principal zone with a reddish-violet colour
(thymolphthalein). None of the quenching zones in the
chromatogram obtained with the test solution that have an
Rp value similar to the zone due to thymolphthalein in the
reference solution show a more Or less strong violet or

shellac) in anhydrous ethanol. When warmed it is sparingly
soluble or soluble in alkaline solutions.

C. 1,I, l,3J3,3-hexafluoropropan-2-ol.

A. J11,3,3J3-pentaftuoro-2-(fluoromethoxy)prop-l-ene,

criterion for otherhmspecified impurities and/or by thegeneral
monograph SubSUlnus for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceuu'ca/ use) C.

Shellac

B. l,J,l,3,3,3-hexafluoro-2-melhoxypropane,

(ph. Bur. monograph 1149)

Action and use
Excipient.

DEFINlTION
Purified material obtained from the resinous secretion of the
female insect Kerria lacca (Kerr) Lindinger (1A«ifer Iocca
Kerr). There are 4 types of shellac depending on the nature
of the treatment of crude secretion (seedJac): wax-containing
shellac, bleached shellac, dewaxed shellac and bleached,
dewaxed shellac.

Wax-con taining shellac is obtained from seedlac: it is purified
by filtration of the molten substance and/or by hot extraction
using a suitable solvent.

Bleached shellac is obtained from seedlac by treatment with
sodium hypochlorite after dissolution in a suitable alkaline
solution) precipitation by dilute acid and drying.

Dewaxed shellac is obtained from wax-containing shellac or
seedlac by treatment with a suitable solvent and removal of
the insoluble wax by filtering.

Bleached) dewaxed shellac is obtained from wax-containing
shellac or seedlac by treatment with sodium hypochlorite
after dissolution in a suitable alkaline solution; the insoluble
wax is removed by filtration. It is precipitated by dilute acid
and dried.

CHARACTERS
Appearance
Brownish-orange or yellow) shining, translucent, hard or
brittle) more or less thin flakes (wax-containing shellac and
dewaxed shellac), or a creamy white or brownish-yellow
powder (bleached shellac and bleached, dewaxed shellac).

Solubility
Practically insoluble in water) gives a more or less opalescent
solution (wax containing shellac and bleached shellac) or a
clear solution (dewaxed shellac and bleached) dewaxed
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IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sildenafil citrate CRS.

TESTS
Impurity E
Thin-layer chromatography (2.2.27).

Solventmixture concentrated ammonia R, water RJ methanol R
(5:25:75 VIVIV).

Test solution Dissolve 35.0 mg of the substance to be
examinedin 2.0 mL of the solventmixture, with the aid of
ultrasound if necessary.
Reference solution (0) Dissolve 7.0 mg of imidazole CRS
(impurity E) in the solvent mixture and dilute to 20.0 mL
with the solvent mixture. Dilute 1.0 mL of the solution to
10.0 mL with the solventmixture.

Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 10.0 mL with the solventmixture.
Reference solution (c) Mix I mL of the test solution and
1 mL of reference solution (a).
Plo", TLC silica gelFm plate R (2-10 urn).

lHobile phase concentrated ammonia R, ethanol (96 per cent) R,
ethyl aceta'"R, methylene chloride R (1:20:30:50 VIVIVIV).

Application 10!1L of the test solutionand reference
solutions (b) and (c) as bands of 6 mm.

Development Over 2/3 of the plate.

Drying At 100 'C for about 15 min.
Detection Expose to iodinevapour until the plate is light
brown and examineunderultraviolet light at 254 run.

Retardation factors Citrate = about0;
impurityE =about 0.25; sildenafil =about 0.4.
System suitability Reference solution (e):
- the chromatogram shows 2 clearly separated zones.
Lim;t:
- impurity E: any zone due to impurity E is not more

intense than the principal zone in the chromatogram
obtainedwith reference solution (b) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Buffer solmion Dissolve 2.72 g of potassium dihydrogen
phosphate R in 900 mL of lOoter for chromatography Rand
adjust to pH 6.5 with a 120 gIL solution of potassium
hydroxide R in waterfor chromatography R. Dilute to 1.0 L
with waterfor chromatography R.
Solvent mixture acetonimle for chromatography R, mobile
phase A (10:90 VIV).

Testsolution (0) Dissolve 25.0 mg of the substance to be
examined in the solventmixture and dilute to 50.0 mL with
the solvent mixture.
Teu soluuon (b) Dilute 2.0 mL of test solution (a) to
50.0 mL with the solvent mixture.
Reference solution (a) Dissolve 2 mg of si/iknajil
impurityA CRS in test solution (a) and dilute to 10.0 mL
with test solution (a). Dilute 1.0 mL of me solution to
20.0 mL with the solventmixture.
Reference solutOm (b) Dissolve 5 mg of si/denajil for peak
identification CRS (containing impurity D) in the solvent
mixture and dilute to 10.0 mL with the solvent mixture.

Solubility
Slightly soluble in water and in methanol, practically
insoluble in hexane.

171599-83-0

C~o.H
(OH
Co.H

667

Action and use
Selective Inhibitor of cyclic GMP-specific phosphodiesterase
(Type V) with vasodilator action; treatment of erectile
dysfunction.

Preparations
Sildenafil Tablets

Sildenafil Chewable Tablets

Sildenafil Orodispersible Tablets

Sildenafil Orodispersibie Films

Sildenafil Powder for Oral Suspension
Sildenafil Injection

brownish colour (colophony). Disregard any faint violetzone
at this level that does not show quenching before spraying
and heating.

Arsenic (2.4.2, MerhodA)
Maximum 3 ppm.

Introduce 0.33 g of the substance £0 be examined and 5 mL
of sulfurk acidR into a combustion flask. Carefully add a few
millilitres of strong hydrogen peroxide solution R and heat to
boiling until a clear, colourlesssolution is obtained. Continue
heating to eliminate the water and as much sulfuric acid as
possible and dilute to 25 mL with water R.

Loss on drying (2.2.32)
Maximum 2.0 per cent for unbleached shellacand maximum
6.0 per cent for bleached shellac, determined on 1.000 g of
the powdered substance (500) (2.9.12) by drying in an oven
at 40-45 'C for 24 h.

STORAGE
Protected from light. Store bleachedshellacand bleached,
dewaxed shellac at a temperature not exceeding 15 "C.

LABELLING
The label indicates the type of shellac.

(Ph. Eur. monograph 2270)

Sildenafil Citrate

DEFINITION
5-[2-Ethoxy-5-[(4-methylpiperazin-I-yl)sulfonyl]phenyl]-l­
methyl-3-propyl-I,6-dihydro-7H-pyrazolo[4,3-dJpyrimidin-7­
one dihydrogen 2-hydroxypropane-l,2,3-uicarboxylate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, slightlyhygroscopic, crystalline
powder.
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Reference solution (c) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (d) Dissolve 25.0 mg of sildenafi/
citrateCRS in the solvent mixture and dilute to 50.0 mL with
the solvent mixture. Dilute 2.0 mL of the solution to

50.0 mL with the solvent mixture.

Column:
- size: I;:;; 0.25 m, 0 =. 4.6 mm,
- stationary phase: end-capped oaad.xylsilyl silica gelfor

chromawgraphy R (5 um).

Mobile phase:
- mobile phaseA: acewni,"7e for chromawgraphy R, buffer

solution (20:80 VIII);
- mobr1e phase B: buffer solution, methanol Rt, aceronim"le for

chromawgraphy R (20:20:60 VIVIII);

Tim, MobUe phase A MobUe phase B
(min) (per cent VIJI) (per cent V/V.)

0-3 75 2'
3 - 26 75 ~ 30 25 -0 70

26 - 38 30 70

Flow rale 1.5 mUmin.

Detection Spectrophotometer at 230 nm.
Injection 10 J1L of test solution (a) and reference
solutions (a), (b) and (c).

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurity A; use the chromatogram supplied with sildenafil for
peak identification CRS and the chromatogram obtained with
reference solution (b) to identify the peakdue to impurity D.
RellUifJe retention Withreference to sildenafil (retention
time =abour 16 min): impurity D =about 0.15;
impurity A = about 1.25.

SYStem stlitobility Reference solution (a):
- resoluti<m: minimum 5.0 betweenthe peaksdue to

sildenafil and impurity A.

Calculation of percentage contents:
- correaion [actor: multiply the peak area of impurity D by

0.7;
- for each impurity, use the concentration of sildenafil

citrate in reference solution (c).
Limits:
- imputines A, D: for each impurity, maximum

0.15 per cent;
- unspecified imptmues: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent; disregard the peakdue to

ciliate.
Water (2.5.1Z)
Maximum 2.5 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximwn O.J per cent, determined on J.OO g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substanceswith the following modification.
bijection Test solution (b) and reference solution (d).

Calculate the percentage content of C2sH3SN60llS taking
into account the assigned content of sildenafil citrate CRS"

2022

STORAGE
In airtight container.

IMPURITIES
Specified impurities A, D) E.
Otherdetectable impurities (thefollowing substances would) if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impw-ities and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary UJ idemify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) B, c) F, G.

A. 5,[2,ethoxy,5-[(4-methylpiperazin, j-ytjsulfonyljphenyl]-1­
methyl-3-(2-methylpropyl)-1 ,6-dihydro-7H-pyrazolo[4,3­
djpyrimidin-7-one,

B. l-methyl-4-[[4-ethoxy-3-(I-methyl-7-oxo-3-propyl-6,7­
dihydro-IH-pyrazolo[4,3-d]pyrimidin-5-yl)phenyl]sulfonyl)
piperazine J-oxide,

C. 5- [2-hydroxy-5-[(4-methylpiperazin-I-yl)sulfonyl]phenyl]­
I-methyl-3-propyl-I,6-dihydro-7H-pyrazolo[4,3-d]
pyrimidln-z-one,

D. 4-ethoxy-3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-IH­
pyrazolo[4,3-djpyrimidin-5-yl)benzenesulfonic acid,

E. lH-imidazole,
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DEFINITION
Colloidal hydrated silicaproduced by precipitation or
gelation process.

Content
98.0 per cent to 100.5 per cent of Si02 (M, 60.1) (ignited
substance).

CHARACTERS
Appearance
White or almost white, light, fine, amorphous powder.

Solubility
Practically insoluble in water and in mineral acids, with the
exception of hydrofluoric acid. It dissolves in hot solutions of
alkali hydroxides.

IDENTIFICATION
About 20 mg gives the reaction of silicates (2.3.1).

Ph." _

Action and use
Excipient.

63231-67-4

ASSAY
To the residue obtained in the test for loss on ignition add
0.2 mL of fUlfuri< acidR and sufficient ethanol (96 percenO R
to moisten the residue completely. Add 6 mL of hydroflu01U
acidR and evaporate to dryness on a hot-plateat 95-105 "C,
taking care to avoidloss from sputtering. Washdown the
sides of the dish with 6 mL of hydrofluoric acidRand
evaporate to dryness. Ignite at 900 ± 50 "C, allow to cool in
a desiccator and weigh.
The difference between the mass of the final residueand the
mass of the residueobtained in the test for loss on ignition
gives the amount of Si02 in the quantity of the substance to
be examinedused.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides information on charaaetistia that are
recognised as being relevant control parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Some of the characteristics described in the Functionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they alsorepresent mandatory qualit;y
crnetia. In suth cases, a cross-reference to the tests described in the
mandatorypan is included in the Functionality-related
characteristics section. Guntrol of the characteristics can amn;bUle
to the qualityof a medicinal product by improving the consistency
of the manufacturing process and theperjonnance of the medicinal
productduringuse. Where control methods are dud, they are
recognised as being suitable for the purpose, but other methods can
also be used. Wherever results for a particular characteristic are
reported, thecontrol method must be indicated.
Thefollowing characteristic may be relevant for colloidal
anhydrous sUim usedas glidam in tablets and capsules.

Specific surface area (2.9.26, Method l)
Determine the specificsurface area in the PIPo rangeof
0.05 to 0.30.

Sample outgassing 20 min at 160 "C.

Colloidal Hydrated Silica

___~ Ph."

(ph. Bur. monograph 0738)

7631-86-9

Colloidal Anhydrous Silica
(ph. Bur. monograph 0434)

Si02 60.1

Action and use
Excipient.

F. 5- [2-ethoxy-5-(piperazin-I-yIsulfonyl)phenyl)-I-methyl-3­
propyl-I,6-dihydro-7H-pyrazolo [4,3-d)pyrimidin-7-one,

G. 5,5'-[piperazin-I,4-diylbis[dioxo-1.'-sulfanediyl(2-ethoxy­
5,I-phenylene)))bis( I-methyl-3-propyl-1 ,6-dihydro-7H­
pyrazolo[4,3-djpyrimidin-7-one).

DEFINITION
Content
99.0 per cent to 100.5 per cent of Si02 (ignited substance).

CHARACTERS
Appearance
White or almostwhite, light, fine, amorphous powder, with a
panicle size of about 15 run.

Solubllity
Practically insoluble in water and in mineral acids except
hydrofluoric acid. It dissolves in hot solutions of alkali
hydroxides.

IDENTIFICATION
About 20 mg gives the reaction of silicates (2.3. I).

TESTS
pH (2.2.3)
3.5 to 5.5.

Shake 1.0 g with 30 mL of carbon dioxide-free waterR.

Chlorides (2.4.4)
Maximum 250 ppm.

To 1.0 g add a mixture of 20 mL of dilute n;tn"c acidRand
30 mL of waterR and heat on a water-hath for 15 min,
shaking frequently. Dilute to 50 mL with water R if
necessary, filter and cool. Dilute 10 mL of the filtrate to
15 mL with waterR.

Loss on Ignition
Maximum 5.0 per cent, determined on 0.200 g by ignition in
a platinum crucible at 900 ± 50"C for 2 h. Allow to cool in
a desiccator before weighing.
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DEFINITION
Colloidal silicon dioxide partly a1kylated for bydrophobation.

Content
99.0 per cent to 101.0 per cent Si02 (ignited substance).

CHARACTERS
Appearance
Whiteor almostwhite, light, fine, amorphous powder, not
wettable by water.

SolubllJty
Practically insoluble in water and mineral acids except
hydrofluoric acid. It dissolves slowlyin hot solutions of alkali
hydroxides.

IDENTIFICATION
A. About 25 mg ignited in a platinum crucible at
900 ± 50°C for 2 h gives the reaction of silicates (2.3.1).

B. Water-dispersible fraction (see Tests).

TESTS
CWorides (2.4.4)
Maximum 250 ppm.

To 1.0 g add 30 mL of methanol Rand 20 mL of dilute nitric
add R. Heat on a water-bath for 15 min stirring frequently.
Cool, dilute to 50 mL with waterRand Iilter. Dilute 10 mL
of the Iiltrate to 15 mL with waterR.

Water-cllspersible fraction
Maximum 3.0 per cent.
Place 0.400 g in a 500 mL separating funnel, add 100 mL of
water R and shake for I min. Allow to stand for 1 h. Allow
90 mL of the aqueousphase to run out dropwise without
filtration into a suitable dish dried at 140°C and cooled in a
desiccator. Evaporate to dryness at 140 °C, starting at a low
temperature to avoidsplashing. Cool in a desiccator.
The residue weighs a maximum of 12 mg.

Loss on ignition
Maximum 6.0 per cent, determined on 0.200 g by ignition in
a platinum crucibleat 900 ± 50°C for 2 h. It is advisable to
place the crucible in a cold oven and then to heatup the
oven. Allow to cool in a desiccator before weighing.

ASSAY
To the residue obtained in the test for loss on ignition add
sufficient eihanol (96 per cent) R to moisten the residue
completely and 0.2 rnL of sulfuric acidR. Add 6 mL of
hydrofluoric acid R aod evaporate to dryness on a hot-plate at
about 100 DC, taking care to avoid loss from sputtering.
Washdown the sides of the platinum crucible with 6 mL of
hydrofluoric acidR aod evaporate to dryness. Ignite at
900 ± 50°C, allow to cool in a desiccator andweigh.
The difference between the mass of the residue obtained in
the test for loss on ignition and the massof the final residue
gives the amount of Si02 in the quantity of the substance to
be examined.

II-890 Silica

TESTS
Solution S
To 2.5 g add 50 mL of hydrochloric acidR and mix. Heat on
a water-bath for 30 min, stirring from time to time. Maintain
the original volume by adding dl7ute hydrochloric acid R.
Evaporate to dryness. Add to the residue a mixture of 8 mL
of dilute hydrochloric acid R aod 24 mL of waterR. Heat to
boiling and filter underreduced pressure through a sintered­
glass Iilter (16) (2.1.2). Wash the residue on the Iilter with a
hot mixture of 3 mL of dl7ute hydrochloric acidR aod 9 mL of
walerR. Washwithsmall quantities of waterR, combine the
filtrate and washings and dilute to 50 mL with waler R.
pH (2.2.3)
4.0 to 7.0.

Suspend 1.0 g in 30 mL of a 75 gIL solution of potassium
chloride R.

Water-absorption capacity
In a mortar, triturate 5 g with 5 mL of water R, added drop
by drop. The mixture remains powdery.

Substances soluble in hydrochloric acid .
Maximum 2.0 per cent

In a platinum dish, evaporate to dryness 10.0 mL of
solution S and dry to constant mass at lOa-105°C.
The mass of the residue is not more than 10 mg.

Chlorides (2.4.4)
Maxlmum 0.1 per cent.
Heat 0.5 g with 50 mL of waterR on a water-hath for
15 min. Dilute to 100 mL with water R aod centrifuge at
1500 g for 5 min. Dilute 10 mL of the supernatant to 15 mL
withwater R. .

Sulfates (2.4.13)
Maximum 1 per cent.
Dilute 2 mL of solution S to 100 mL with distilled waterR.

Iron (2.4.9)
Maximum 300 ppm.

To 2 mL of solution S add 28 mL of waterR.

Loss on ignition
Maximum 20.0 per cent, determined on 0.200 g in a
platinum crucible by heating at 100-105 °C for I h aod then
at 900 ± 50°C for 2 h.

ASSAY
To the residue obtainedin the test for loss on ignition add
0.2 mL of sulfuric acidR and a quantity of ethanol
(96 per cent) R sufficient to moisten the residue completely.
Add 6 mL of hydrofluoric acidR and evaporate to dryness at
95-105 °C, taking care to avoid loss from sputtering. Wash
the inside of the dish with 6 mL of hydrofluoric acid R aod
evaporate to dryness again. Ignite at 900 ± 50°C, allow to
cool in a desiccator and weigh. The difference between the
mass of the final residue and that of the ~ass obtainedin the
test for loss on ignition corresponds lO the mass of Si02 in
the test sample.
___~ PhE"

Hydrophobic Colloidal Anhydrous
Silica
(ph. Eur. monograph 2208)

2022

**** ** ** ****

FUNCTIONALITY·RELATED CHARACTERISTICS
This section provides in/onnat/on on charactenstics thatare
recognised as being relevant control parameters for one ormore
functions of the substance when used as an excipient (su chapter
5.15). Some of the characteristics described in theFunctionality­
related charaaeristia section may also bepresent in the mondatoty
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part of the monograph since they a150 represent mandatory quality
criteria. In such cases.. a cross-reference to the tests described in the
mandatory pari is included in the Functionalicy-related
characteristics section. Control of thecharaaetiuics can contribute
to the qualicy of a medicinal produa l>y impl"O'lJing the consistency
of the manufaclUring process and theperformance of the medicinal
product during use. Where control methods arecited.. they are
recognised as being suitable for the purpose, but othermethods can
alsobe used. Wherever results for a particular characteristic are
reported.. the control methodmust he indicaud.
Thelo/kJwing characteristic may berelevant lor hydrophobi<
colloidal silica usedas glidant in roblets and capsules.

Specific surface area (2.9.26, Method1)
Determine me specific surface area in the PIPo range of
0.05 to 0.30.

Sampleoutgassing 20 min at 160°C.
____________________ PhE"

Dental-type Silica
(Ph. Eur. monograph 1562)

Action and use
Excipient.

PhE" _

DEFINITION
Amorphous silica (precipitated, gel or obtained byflame
hydrolysis).

Content
94.0 per cent to 100.5 per cent of SiO, (ignited substance).

CHARACTERS
Appearance
Whiteor almostwhite, light, fine, amorphous powder.

Solubility
Practically insoluble in. water and in mineral acids.
It dissolves inhydrofluoric acid andhot solutions of alkali
hydroxides.

IDENTIFICATION
About 20 mg gives the reaction of silicates (2.3.1).

TESTS
Solution S
To 2.5 g add 50 mL of Irydroehlotk acid R and mix. Heat on
a water-bath for 30 min, stirring from time to time.
Evaporate to dryness. Add to the residue a mixture of 8 mL
of dill", hydroehlori< add Rand 24 mL of waterR. Heat to
boiling and filter underreduced pressure through a sintered­
glass filter (16) (2.1.7). Wash the residue on the filter with a
hot mixture of 3 mL of dilute hydroehlori< add R and 9 mL of
water R. Wash withsmall quantities of waterR, combine the
washings and the filtrate, and dilute to 50 mL with waterR.

pH (2.2.3)
3.2 to 8.9.

Suspend 5 g in a mixture of 5 mL of a 7.46 gIL solution of
potassium chloride Rand 90 mL of carbon dioxide-free waterR.

Chlorides
Liquid chromatography (2.2.29) as described in the test for
sulfates.
Retention time Chlorides = about4 min.

Silica II-891

Limit:
- chlorides: not more than the area of the corresponding

peak in me chromatogram obtained with the reference
solution (0.3 per cent).

Sulfates
Liquid chromatography (2.2.29).

Test solution To 0.625 g of the substance to be examined
add 30 mL of waterR and boil for 2 h. Allow to cool and
quantitatively transfer to a 50 mL graduated flask. Dilute to
50.0 mL with waterR. Dilute 5.0 mL of the supernatant to

50.0 mL with waterR and filter through a membrane filter
(nominal pore size 0.45 um).

Reference so/urion Dissolve 0.50 g of anhydrous sodium
sulfate R and 0.062 g of sodium chloride R in WOler Rand
dilute to 1000.0 mL with waterR. Dilute 5.0 mL of the
solution to 50.0 mL with water R.
Column:
- material: non-metallic;
- size: I =0.25 m, 0 =4.6 mm;
- stationary phase: suitable anion-exchange resin (30-50 11m).
Mobile phase Dissolve 0.508 g of sodium carbonate R and
0.05 g of sodium hydrogen carbonate R in water R and dilute to
1000 mL with the same solvent.

FkJw rate 1.2 mUmin.

Detection Conductivity detector.
Injection 25 ~L.

Retention time Sulfates = about 8 min.
Limit:
- sulfaca: not more than the area of the corresponding peak

in the chromatogram obtained with the reference solution
(4.0 per cent, expressed as sodium sulfate).

Iron (2.4.9)
Maximum 400 ppm.

Dilute 2 mL of solution S to 40 mL with waterR.

Loss on ignition
Maximum 25.0 per cent, determined on 0.200 g by heating
in a platinum crucible at 100-105 'C for 1 h and then at
1000 ± 50 'C for 2 h.

ASSAY
To the residue obtained in the test for loss on ignition add
0.2 mL of sulfun'c add R and a quantity of ethanol
(96 per cent) R sufficient to moisten the residue completely.
Add 6 mL of hydrofluori< acidR and evaporate to dryness at
95-105 "C, taking careto avoid loss from sputtering. Wash
the insideof the crucible with 6 mL of hydroftuork add R
and evaporate to dryness again. Igniteat 900 ± 50 °C, allow
to cool in a desiccator and weigh. The difference betweenthe
massof the final residue and thatof the massobtained in the
test for loss on ignition corresponds to the mass of Si02 in
the test sample.

FUNCTIONALITY-RELATED CHARACTERISTICS
Thisseaionprovides infomration on characteristics that are
recognised as being rdeoam control parameters for oneor more
junctions 01 the substance whenusedas an excipient (see chapter
5.15). Someof the characteristics described in the Functionality­
related characteristics seaionmay also bepresent in the mandatory
part of the monograph since they also represent mandatory quality
ctitetia. In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functionality-related
characteristics section. Control of the charaaetistics can contribute
to the qualicy 01 a medicinal product by impl"O'lJing the consistency
of the manufiUzuring process and the perfonnance of the medicinal
produa dun·ng use. lt7here control methods arecited, they are
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recognised as being suitable for the purpose, but other methods can
alsobe used. Wherever results for a particular characteristic are
reported, the concrol method must be indicated.
Thefollowing charaaeriuic may be relevant for dental typesilica
usedas abrasive.

Specific surface area (2.9.26, Method I)
Determine the specificsurface area in thePIPo range of
0.05 10 0.30.

Sampleoutgasing 60 min at 160 "C.
____________________ Ph,,,

Colloidal Silver
Colloidal Silver for External Use
(ph. Bur. monograph 2281)

Action and use
Antibacterial.

Ph,,, ~

Silver ions
To 0.50 g of the substance to be examined add 5 mL of
anhydrous ethanol R. Shake for 1 min, filter and add 2 mL of
hydrochloric acid R to the filtrate. No precipitate is formed.

Sensitivity to electrolytes
Dissolve 0.1 g of the substance (0 be examined in 100 mL of
water R. Transfer a partof the solution into a test tube.
When viewed horizontally the solution appears clearand
reddish-brown. Whenviewed vertically, the solutionappears
turbid with a greenish-brown fluorescence. To 5 mL of me
solution add 5 mL of a 0.50 gIL solution of sodium chloride R
and mix by shaking for 1 min. Whenviewed horizontally the
solution remains clearand reddish-brown.

Water-insoluble substances
Maximum 1.0 per cent.
Wash me residue obtained on the filter during preparation of
solution S 5 times with 10 mL of water R. Dry the filter to
constant mass at 100-105 QC. The residue weighs a
maximum of 12.5 mg.

Loss on drying (2.2.32)
Maximum 8.0 per cent, determined on 0.500 g by drying in
an oven at 80°C.

____________________ Ph,,,

Action and use
Antiseptic.

Preparations
Silver Nitrate Eye Drops

SilverNitrateSolution
SilverNitrate Sterile Solution

.~Ph,,, ~~ ~

DEFINlTION
Content
99.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
White or almostwhite, crystalline powder or transparent,
colourless crystals.

Solubility
Verysoluble in water, soluble in ethanol (96 per cent).

IDENfIFICATION
A. 10 mg gives the reaction of nitrates (2.3.1).

7761-88-8

Silver Nitrate
(ph. Bur. monograph 0009)

AgNo, 169.9

ASSAY
Ignite 0.200 g of the substance to be examined at
650 ± 50°C until the residue is white. Allow [Q cool, add
10 mL of a mixture of equalvolumes ofmiric acid R and
water R and boil for 1 min. Transfer the contentsof the
crucible to a flask and titrate with 0.1 M ammonium
thiocyanate using 50 mg of/em·c sulfate R as indicator, until a
reddish-brown colour appears.
1 mL of O. J M ammonium thiocyanate is equivalent to

10.79 mg of Ag.

STORAGE
In an airtight container.

DEFINITION
Colloidal metallic silver containing protein.

Content
70.0 per cent to 80.0 per cent of Ag (dried substance).

CHARACTERS
Appearance
Greenor bluish-black. metallic shinyflakes or powder,
hygroscopic.

Solubility
Freelysoluble or soluble in water, practically insoluble in
ethanol (96 percent) and in methylene chloride.

JDENfIFICATION
A. To 5 mL of the fiitrate obtained in the lest for alkalinity
(see Tests) add 0.05 mL of copper sulfate solutWn R and 1 mL
of dilute sodium hydroxide sdution R. Shake. A violet colous
appears within 15 min.

B. To I mL of solution S (see Tests), add 2 mL of sodium
chloride solution R. A precipitate is formed whichdissolves in
an excess of water.

C. Ignite0.05 g of tile substance (0 be examined. Dissolve
the residue in 10 mL of nitn'c acidR. The filtrate gives the
reaction of silver (2.3.1).

TESTS
Solution S
Dissolve 1.25 g of the substance to be examined in carbon
dioxide-free waterR and dilute to 50.0 mL with the same
solvent. Allow to standfor 5 min then shake vigorously.
Filter through a tared sintered-glass filter (16) (2.1.2) after
30 min. Keep the residue for the test forwater-insoluble
substances.

Alkalinity
To 40.0 mL of solution S add 10.0 mL of 0.05 M sulfuric
acidand 2.0 g of anhydrous sodium sulfare R. Shake and filler
several times if necessary. To 25.0 mL of tile clear and
colourless solution add 0.1 mL of phenolphthalein solution R.
Not less than 1.5 mL of 0.1 M sodium hydroxide is required
to change the colourof the indicator to pink.

www.webofpharma.com



2022 Simeticone II-893

20<n<400

805Q..8I-5

_____________________ Phf"

chlorotrimethylsilane and the silica is modified at the surface
by incorporation of methylsilyl groups.

CHARACTERS
Appearance
Viscous, greyish-white, opalescent liquid.

Solubility
Practically insoluble in water, very slightly soluble or
practically insoluble in anhydrous ethanol, practically
insoluble in methanol, partly miscible with ethyl acetate, with
methylene chloride, with methyl ethyl ketone and with
toluene.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Thin films between plates of sodium chlan·de R.
Absorption maxima At 2964 crn', 2905 em", 1412 cm',
1260 ern"! and 1020 em-I.

B. Heat 0.5 g in a test-tube over a small flame until white
fumes begin to appear. Invert the rube over a 2nd tube
containing 1 mL of a 1 gIL solution of chromooopic acid,
sodium sail R in suljun"c acid R so that the fumes reach the
solution. Shake the 2nd rube for about 10 s and heat on a
water-bath for 5 min. The solution is violet.

C. The residue obtained in the test for silica under Assay
gives the reaction of silicates (2.3.1).

TESTS
Acidity
To 2.0 g add 25 mL of a mixture of equal volwnes of
anhydrous ethanolR and etherR, previously neutralised to
0.2 mL of bromothymol bluesolution Rt, and shake. Not more
than 3.0 mL of 0.01 M sodium hydroxide is required to
change the colour of the solution to blue.

Defoamlng activity
Foamingsolution Dissolve 5.0 g of docusate sodium R in 1 L
of water R, warm to 50°C if necessary.

Defoamingsolution To 50 mL of methylethyl kewne R add
0.250 g of the substance to be examined, wann to not more
than 50°C with shaking,

Into a 250 mL cylindrical tube about 5 ern in diameter
introduce 100 mL of foaming solution and 1 mL of
defoaming solution. Close tightly and fix the tube on a
suitable oscillating shaker that complies with the following
conditions:
- 250-300 oscillations per minute;
- angle of oscillation of about 10°;
- oscillation radius of about 10 em.

Shake for lOs and record the time between the end of the
shaking and the instant the I" portion of foam-free liquid
surface appears.

This duration is not longer than 15 s.

Mineral oils
Place 2.0 g in a test-tube and examine in ultraviolet light at
365 om. The fluorescence is not more intense than that of a
solution containing 0.1 ppm of quinine sulfate R in 0.005 j\1
suifwiG add examined in the same conditions.

Phenylated compounds
The corrected absorbance (2.2.25) is not greater than 0.2.

Test solution Dissolve 5.0 g with shaking in 10.0 mL of
cyclohexane R.
Spectral range 200-350 om.

Calcu.late the corrected absorbance using the following
expression:

(Ph. Bur. monograph 1470)

Phf" ~ _

Simeticone

DEFINITION
Mixture of c-trimethylsilyl-ec-methylpolyjoxy
(dimethylsilanediyl)] and silicon dioxide.

Simeticone is prepared by incorporation of 4 per cent to
7 per cent silica into poly(dimerhylsiloxane) with a degree of
polymerisation between 20 and 400.

Content
90.5 per cent to 99.0 per cent of poly(dimethylsiloxane).

PRODUCTION
Poly(dimethylsiloxane) is obtained by hydrolysis and
polycondensation of dichlcrodimethylsilane and

B. 10 mg gives the reaction ofsiIver (2.3.1).

TESTS
Solution S
Dissolve 2.0 g in waterR and dilute to 50 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Acidity or alkalinity
To 2 mL of solution S add 0.1 mL of bromocresol green
so/urien R. The solution is blue. To 2 mL of solution S add
0.1 mL of phenolred solution R. '!!Ie solution is yeUow.

Foreign salts
Maximum 0.3 per cent.

To 30 mL of solution S, add 7.5 mL of dilute hydroehloric
acid R, shake vigorously, heat for 5 min on a water-hath and
filter. Evaporate 20 mL of the filtrate to dryness on a water­
bath and dry at 100-105 °C. The residue weighs a maximum
of2 mg.

Aluminium, lead, copper and bismuth
Dissolve 1.0 g in a mixture of 4 mL of concentrated
ammoniaRand 6 mL of waterR. The solution is clear
(2.2.1) and colourless (2.2.2, Method II).

ASSAY
Dissolve 0.300 g in 50 mL of warerR, add 2 mL of dilute
nitric acid Rand 2 mL ofle."u ammonium sulfate solution R2.
Titrate with 0.1 M ammonium thiocyanate until a reddish­
yellow colour is obtained.

1 mL of 0.1 M ammonium thiocyanate is equivalent to
16.99 mg of AgNO,.

STORAGE
In a non-metallic container, protected from light.

Action and use
Silicon dioxide analogue; defoarning agent.
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B

c

B-C

absorbance at me absorption maximum between 250 run and
270 nm;
absorbance at 300 nm.

The followillg characteristic may be relevant for simeticone usedas
defoaming agent.

Defoamlng activlty
(see Tests).

Volatile matter
Maximum 1.0 per cent, determined on 1.00 g by heating in
an oven at 150°C for 2 h. Cany out the test using a dish
60 mm in diameter and 10 mm deep.

ASSAY
Silica
Heat not less than 20.0 mg to 800 °C increasing the
temperature by 20 °C/min under a current of nitrogen R at a
flow rate of 200 mUrnin and weigh the residue (silica).

Poly(dlmethylslloxane)
Infrared absorption spectrophotometry (2.2.24).

Test solution Place about 50 mg (E) in a screw-capped
125 mL cylindrical tube, add 25.0 mL of tduene R, swirl
manu aUy to disperse and add 50 mL of dilute hydlYXh/oric
acidR, close the tube and place on a vortex mixer; shake for
5 min. Transfer the contents of the tube to a separating
funnel, allow to settle and transfer 5 mL of the upper layer to
a screw-capped test-tube containing 0.5 g of anhydrous
sodium sulfate R. Cap and shake vigorously manually.
Centrifuge to obtain a clear solution.

Reference solution Introduce about 0.20 g of dimeticone CRS
(poly(diroethylsiloxane» into 100.0 mL of tduene R. Prepare
the reference solution in the same way as for the test
solution) using 25.0 mL of the dimeticone solution obtained
above.

Blank solution Shake 10 mL of tdueneR with I g of
anhydrous sodiumsulfateR. Centrifuge the resulting
suspension.

Record the infrared absorption spectra for the test solution
and the reference solution in 0.5 mm cells, from 1330 em"
to 1180 ern-1. Determine the absorbance of the band at
1260 cm-l

•

Calculate the percentage content of poly(dimethylsiloxane)
using the following expression:

25xCxA,\/x100

AEXE

A.\f absorbance of me test solution;
AE absorbance of the reference solution;
C concentration of the reference solution, in milligrams per

mlllilnre;
E mass of the substance to be examined, in miHigrnms.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides injonnation on characteristics thai are
recognised as beingrelevant control parameters for one or more
functions of the substance when usedas an excipient (see chapter
5.15). Some of the characteristics described in the Funaionalily­
related characteristics section may also bepresent in the mandarory
part of the monograph sincethey also represent mandatary quality
crueria. In such cases, a cross-reference to the testsdescribed in the
mandawry part is mduded in tm Frmctwnah'ty-rtlated
characteristics section. Control of the characteristics can Cot,trilJute
to the quality of a medicinal product by improving the consistency
of the manujactun·ng process and me per/onnance of the medicinal
product during use. Where control methods arecited, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used. Wherever results for a particular characteristic are
reported, the control method must be indicated.

_____________________ PhE/I

Simeticone for Oral Use
Action and use
Silicon dioxide analogue; defoaming agent.

Preparations
Simetlcone Suspension for Infants

When activated dimethicone is prescribed or demanded,
Simeticone for Oral Use shall be dispensed or supplied.

DEFINITION
Simeticone for Oral Use contains not less than 4.5% and not
more than 8.0% wlwof silica) Si02 , and not less than 91.0%
and not more than 97.0% w/w of Dimeticone 1000. It is
prepared by the addition of finely powdered silica to
Dimeticone 1000.

CHARACTERISTICS
A viscous, grey) translucent liquid.

Immiscible with waterand with ethanol (96%)j almost
completely soluble in toluene, leaving a residue of silica.

IDENTIFICATION
A. The infrared absorption spectrum of me supernatant liquid
obtained by centrifugation, Appendix n A J is concordant
with the reference SjJe<trnm of dimeticone (RS 381).

B. Ignite; dense white fumes are evolved leaving a white
residue which is insoluble in hydrochlom acid.

TESTS
Acidlty
Dissolve 15.0 g in a mixture of 15 mL of toluene and 15 mL
of butan-t-d, previously neutralised to a 0.5% wlvsolution of
bromophenol blue in ethanol (96%), and titrate with O.lM
ethanoli< patassium hydroxide VS using the bromophenol blue
solution as indicator. Not more than 0.15 mL is required to
change the colour of the solution.

Refractive Index
Of the supernatant liquid obtained in Identification test A,
1.4050 to 1.4080, Appendix V E.

Viscosity
Of the supernatant liquid obtained in Identification test A,
950 to 1050 mm" S-1, Appendix V H, Method I, using a
U-tube viscometer (size G).

Weight per mL
Of the supernatant liquid obtained in Identification test A,
0.965 to 0.980 g, Appendix V G.

ASSAY
For silica
To I g add 50 mL of toluene, mix weUand filter through an
ignited silica crucible. Wash the residue thoroughly with
toluene, dry at 1050 and ignite to constant weight at 500~.

For dimetkone
Place 40 mg in a stoppered centrifuge tube, add 20 mL of
toluene and shake for 20 minutes. Filter and record the
infraredabsorption spectrum) Appendix II A, of a 0.5-mm layer
of the filtrate over the range 1330 to 1180 em" (7.52 to
8.47 urn). Measure the absorbance of the CH3Si stretching
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band at tbe maximum at 1261 cm' (7.93 urn). Repeat tbe
operation using dimeticone EPGRS in place of the preparation
being examined.

Action and use
HMG Co-A reductase inhibitor; lipid-regulating drug.

Preparations
Simvastatin Tablets
Simvastatin Oral Suspension

Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with me solvent mixture.
Reference solution (a) Dilute 1.0 mL of test solution (a) co
100.0 mL with the solventmixture. Dilute 1.0 mL of this
solution to J0.0 mL with the solvent mixture.
Reference solution (b) Dissolve 10.0 mg of simuastaun e1/S
in the solvent mixture and dilute to 5.0 mL with the solvent
mixture. Dilute 1.0 mL oftbe solution to 10.0 mL witb tbe
solvent mixture.
Reference solution (c) Dissolve 2 mg of simeauatin for system
suitability CRS (containing impurities A, B, C, D, E, F, G, I
andnin J mL of the solvent mixture.
Reference solution (d) Dissolve 4.0 mg of simvastatin
impun"ty K CRS in me solventmixture and dilute to
100.0 mL witb tbe solvent mixture. Dilute 1.0 mL of tbe
solution to 5.0 mL with the solventmixture.
Column:
~ size: 1= 0.15 m, 0 = 2.1 mrn;
- stationary phose: end-eapped extra-dense bonded oaadecylsi/y/

silica gelfor chromatography 1/ (3.5 urn};
- temperature: 35 "C.

Mobile phose:
- mobile phase A: aceumitrile RI, 0.1 per cent VIVsolution of

phosphoric acid1/ (40:60 VII');
- mobile phoseB: 0.1 per cent VIV solution of phosphoric

acid1/, acetomtrile 1/1 (5:95 VII');

79902-63-9418.6

(ph. Bur. monograph 1563)

Cz,H"O,

Simvastatin

PhE" ~ _

DEFINITION
(IS,31/,7S,8S,8aR)-8-[2,[(21/,4lI)-4-Hydroxy-6-oxooxan-2­
yl]etbyl]-3,7-dimetbyl-1 ,2,3,7 ,8,8a-hexahydronaphtbalen-l-yl
2,2-dimerhylbutanoate.

Content
97.0 per cent to 102.0 per cent (dried substance).
A suitable antioxidant may be added.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solublllty
Practically insoluble in water, very soluble in methylene
chloride, freely soluble in etbanol (96 per cent).

IDENTIFICATION
A. Specificopticalrotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison simuostatin CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
thanreference solution BY7 (2.2.2, MethodII).
Dissolve 0.2 g in methanol R and dilute to 20 rnLwith the
same solvent.

Specific optical rotation (2.2.7)
+ 285 to + 300 (dried substance).

Dissolve 0.125 g in acetonitrile R and dilute to 25.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29) Prepare the solutions
immediately be/ore use.
Solventmixture acetomtrile 1/, lOoter 1/ (50:50 VII').
Test solution (a) Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solventmixture.

Time Moblle phose A Mobile phose B
(min) (per cent V/JIl (per cent V/l?

0-" 100 0

" - 5 100 ..... 80 0-+20

5 - 33 80 ..... 60 20 -> 40

33 - 34 60 ~ 0 40 ..... 100

34 - 45 0 100

Flow ratt 0.4 mllmin.

Delation Spectrophotometer at 238 om and, for
impurity K, at 200 om.
Auunampler Set at 8 °C.

Injection 5 J.tL of test solution (a) and reference
solutions (a), (c) and (d).

Identification of impumies Use the chromatogram supplied
with simuastatin for system suitalnlity CRS and the
chromatogram obtainedwithreference solution (c) to identify
the peaksdue to impurities A, B, CJ D, E) F, GJ I and I; use
the chromatogram obtained with reference solution (d) to
identify tbe peak due to impurity K.
Relative retention With reference to simvastatin (retention
time =about 19 min): impurity I =about 0.67;
impurity A = about 0.69; impurity E = about 0.81;
impurity F =about 0.83; impurity G;;;; about 0.9;
impurity K = 'about 1.2; impurity B = about 1.69;
impurity J = about 1.74; impurity C = about 1.76;
impurity D = about 2.3.

System suitability Reference solution (c):
- peak-to-valley ratio: minimum 1.5) where Hp ;;;; height

above the baselineof the peakdue to impurity F and
H v = height above the baseline of the lowest point of the
curve separating thispeakfrom the peakdue to
impurity E; minimum 1.5, where Hp ;;;; height above the
baselineof the peakdue to impurity C and H; ;;;; height
above the baselineof the lowest point of the curve
separating this peak from tbe peak due to impurity J.
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11-896 Simvastatin

Calculation ofpercentage contents:
- for impurity K, use the concentration of impurityK in

reference solution (d) and the peakareas recorded at
200 om;

- for impurities other than K, use the concentration of
simvastatin in reference solution (a) and the peak areas
recorded at 238 nm.

Limits:
- impurities E, F: for each impurity, maximum 0.5 per cent;
- sum of impun'ties A and I: maximum 0.4 per cent;
- impun"IY D: maximum 0.4 per cent;
- impurity Kat 200 nm: maximum0.4 per cent;
- impurities BJ C: for each Impurity, maximum 0.3 per cent;
- impurities GJ J: for each impurity, maximum 0.2 per cent;
- unspecified impuruies: for each impurity, maximum

0.10 per cent;
- unal: maximum 3.0 per cent;
- repqrring threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
a desiccator underhigh vacuumat 60°C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Mobile phase:

Time Mobile phase A Mobile phase B
(min) (per cent YIP) (per cent Vfl')

0-14 7. 3.
14·15 70 --> 0 30 ...... 100

15 - 20 e 100

Injection Test solution (b) and reference solution (b).

Calculate the percentage content of ~~3805 taking into
account me assigned content of sim'VaStatin CRS.

STORAGE
Protected from light. If no antioxidant is present,store under
nitrogen, in an airtight container.

IMPURITIES
Specified impun"ties A, B, C, D, E.. F, GJ I, J, K
Otherdetectable impurities (the fol/bWing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in ,he monograph. They are limiled by thegeneral aaeptance
cruerion for other/unspecified impun"ties ondlor by thegeneral
monograph Substances for pharmaceutical "'" (2034). 1, is
therefore not nece.ssary CQ identify these impurilies for
demonstration of romp/lance. Sa also 5.10. Control of impurities
in subsranet.s for phannaceutical use) R, Atl, N.

A. (3R,5R)-7-[(IS,2S,6R,8S,8aR)-8-[(2,2­
dimethylbutanoyl)oxy)-2,6-dimethyl-I,2,6,7,8 ,8a­
hexahydronaphthalen-I-yl)-3,5-dihydroxyheptanoic acid
(tenivastatin),

2022

B. (IS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-(acetyloxy)-6­
oxooxan-2-yl)ethyl]-3,7-dimethyl-I ,2,3,7,8,8a­
hexahydronaphthalen-I-yl 2,2-dimethylbutanoate,

C. (IS,3R,7S,8S,8aR)-3,7-dimethyl-8-[2-[(2R)-6-oxo-3,6­
dihydro-2H-pyran-2-yl]ethyl)-I,2,3,7,8,8a­
hexahydronaphthalen-I-yl 2,2-dimethylbutanoate,

H,C~H'CH3 CHli
a HO._ H 0 H\ ...-

o ~ 0 .

H H H .

..-- ....~yO H3ri'" H

~CH3
. H3C

HI CH3 CH3

D. (2R,4R)-2-[2-[(IS,2S,6R,8S,8aR)-8-[(2,2­
dimethylbutanoyl)oxy)-2,6-dimethyl-1,2,6,7,8,8a­
hexahydronaphthalen-I-yl)ethyl)-6-oxooxan-4-yl (3R,5R)­
7-[(IS,2S,6R,8S,8aR)-8-[(2,2-dimethylbutanoyl)oxy]-2,6­
dimethyl-I,2,6,7,8,8a-hexahydronaphthalen-l-yl]-3,5­
dihydroxybeptanoate,

E. (IS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2­
yl]ethyl],3,7-dimethyl-I ,2,3,7,8,8a- hexahydronaphthalen­
I-yl (2S)-2-methylbutanoate (lovastatin),

I',
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F. (lS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2­
yl)ethyl)-3,7-dimethyl-l ,2,3,7,8,8a-hexahydronaphthalen­
l-yl (2R)-2-methylbutanoate (epilovastatin),

G. (lS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2­
yl]ethyl)-3,7-dimethyl-l,2,3,7,8,8a-hexahydronaphthalen­
I-y) 2,2-dimethylbut-3-enoate,

o

CH3~
Hl¢'H. H... ·····OH
I" HOH

/ ~ H and epimerat C·

H CH3

H. (4RS,6R)-4-hydroxy-6-[2-[(lS,2S,6R,8S,8aR)-8-hydroxy­
2,6-dimethyl-1,2,6,7,8,8a-hexahydronaphthalen-l-yl]ethyl]
oxan-2-one,

Siragliptin Phosphate Monohydrate II-897

K. (IS,3S,4aR,7S,8S,8aS)-8-[2-[(2R,4R)-4-hydroxy-6­
oxooxan-2-yl]ethyl] -3,7-dimethyl-l,2,3,4,43,7,8,8a­
oetahydronaphthalen-l-yI2,2-dimethylbutanoate,

M.ethyl (3R,5R)-7-[(IS,2S,6R,8S,8aR)-8-[(2,2­
dimethylbutanoyl)oxy]-2,6-dimethyl-l,2,6,7,8,8a­
hexahydronaphthalen-l-yl]-3,5-dihydroxyheptanoate,

and eplmer at C'

N. (lS,3R,7S,8S.8aR)-8-[2-[(2R,4R,5RS)-4-hydroxy-5­
methyl-6-oxooxan-2-yl)ethyl]-3,7-dimethyl-l ,2,3,7,8,8a­
hexahydronaphthalen-l-yl 2,2-dimethylbutanoate.

___________________ l'llEur

I. (lS,3R,7S,8S,8aR)-8-[2-[(2R,4R)-4-hydroxy-6-oxooxan-2­
yl]ethyl]-3,7-dimethyl-I ,2,3,7,8,8a-hexahydronaphthalen­
I-yl 2-methylpropanoate,

Sitagliptin Phosphate
Monohydrate
(Ph. Bur. monograph 2778)

**** ** ** ****

PIoElI _

Action and use
DipeptidyJpeptidase--4 inhibitor; treatment of diabetes
mellitus.
Preparation
Sitagliptin Tablets

523.3 654671-77-9

1- (1S,3R, 7S,8S,8aR)-8-[2-[(2R,4RJ-4-methoxy-6-oxooxan­
2-yl]ethyl]-3,7-dimethyl-l,2,3,7,8,8a­
hexahydronaphthalen-l-yI2,2-dimethylbutanoate,

DEFINITION
(3R)-3-Amino-l-[3-(trilluoromethyl)-5,6-dihydro[1,2,4J
triazolo[4,3-a)pyrazin-7(8H)-yl)-4-(2,4,5­
trifluorophenyl)butan-l-one phosphate monohydrate.
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II-898 Sitagliptin Phosphate Monohydrate

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite powder.

Solubility
Soluble in water) veryslightly soluble in anhydrous ethanol,
practically insoluble in heptane.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sitagfiptin phosphate monohydrate CRS.
If the spectra obtainedin the solid stale show differences)
dissolve the substance to be examined and the reference
substance separately in methanol RJ evaporate to dryness and
record new spectra using the residues.
B. Enantiomeric purity (see Tests).
C. Dissolve 0.200 g in waterR and dilute to 5.0 mL with the
same solvent. The solutiongives reaction (a) of phosphates
(2.3.1).

TESTS
Enantlomeric purity
Liquid chromatography (2.2.29): use the normalisation
procedure.

Solventmixture waterR, methanol R (10:90 VIV).
Test solution Dissolve 80 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 8 mg of sieagliptin containing
impurity A CRS in I mL of the solvent mixture.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: amylose derivative of silii:a gelfor chiral

separation R (5 urn);
- temperatu..: 35 "C.

MobHe phase water for chromawgraphy R) diethylamine R)
heptane R, anhydrous ethanol R (1:1:400:600 VIVIVIV).
Flow rate 0.8 mUmin.

Detection Spectrophotometer at 268 nrn.
Injection 10 ~L.

Run time 1.6 times the retention time of sitagliptin.
Identification of impurities Use the chromatogram supplied
with sitaglipcin containing impun·ty A CRS and the
chromatogram obtainedwith reference solution (b) to

identify the peak due to impurity A.

Relative retention With reference to sitaglipnn (retention
time = about 15 min): impurity A = about 0.9.

System suitabIlity Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity A and sitagliptin.

Limit:
- impurity A: maximum 0.5 per cent;
- reporting threshold: 0.1 per cent (reference solution (a».

Related substances
Liquid chromatography (2.2.29).

Solvent mixture aaumitriJe R) 0.1 per cent VIVsolution of
phosphoric acidR (5:95 VIV).

2022

Test solution Dissolve 25.0 mg of the substance to be
examined in me solvent mixture and dilute to 250.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 25.0 mg of sitagliptin
phosphate monohydrate CRS in the solventmixture and dilute
to 250.0 mL with me solvent mixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (c) In order to prepare the fumarate
adduct in situ) heat 1 mLof waterR) 1 mg of sodium stearyl
fumarate Rand 10 mg of the substance to be examined in a
tightly closed vial at 80 °C for about 30 h. Dilute to 100 mL
with the solvent mixture and stir for 1 h. Centrifuge a
portion of the solution and use the clearsupernatant.
Column:
- size: 1= 0.15 m, 0 =4.6 Dlffij

- stationary phase: end-capped cyanosilyl silica gelfor
chromatography R (5 urn);

- temperature: 30 "C.

Mobile phase Mix 15 volumes of acetonitriie RI and
85 volumes of a 1.36 gILsolution of potassium dihydrogen
phosphote R previously adjusted to pH 2.0 with phosphoric
acid R.

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.
Injution 20 t-tL of the test solution and reference
solutions (b) and (c).

Run time 5.5 times the retention time of sitagliptin.
Relative retention With reference to aitagliptin (retention
time = about 5.5 min): fumarate adduct = about 1.2.

System suitability Reference solution (c):
- resoludon: minimum 1.5 between the peaks due to

sitagliptin and the fumarate adduct.
Cakulation of percentage contents:
- for each impurity) use the concentration of aitagliptin

phosphate monohydrate in reference solution (b).

Limits:
- unspecified impuniies: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5./2)
3.3 per cent to 3.7 per cent) determined on 0.300 g.

Sulfated ash (2.4.14)
Maximum 0.2 per cent) determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injection Test solution and reference solution (a).
Run time Twice the retention time of sitagliptin.
Calculate the percentage content of CIJ'IISFttN50jP taking
into account the assigned content of sitagliptin phosphate
monohydrate CRS.

IMPURITIES
Specified impurities A.

Otherde/mabie impurities (thefollowing substances would, if
present at a sufficient leuel, be detected by one or other of the test:
in the monograph. They are limited by the general acceptance
aitoion for other/unspecified impuruies and/or by the general
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monograph Substances/or pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration 0/compliance. See also 5.10. Control of impurities
in substances for pharmaceuticaluse} B, C.

F

F~H'N-, ,H '2

~N~N.
F . ~N __(

CF,

A. (3S)-3-amino-I-[3-(triIluoromethyl)-5,6-<1ihydro[I,2,4]
triazolo [4,3-a]pyrazin- 7(8H)-yl]-4-(2,4,5-triJluorophenyl)
buran-j-one,

F

~ H', ,NH,'2

~N~N,
F ~N __(

CF,

B. (3R) -3-amino-4-(2,5-diftuorophenyl)-I-[3­
(triJluoromethyl)-5,6-dihydro[1,2,4] triazolo [4,3-a]pyrazin­
7(8H)-yl]hulan-I-one,

F'('J H',,NH,~
~N~N,

F ~N __(

CF,

C. (3R)-3-amino-4-(2,4-diftuorophenyl)-I-[3­
(triJluoromethyl)-5,6-dihydro[I,2,4]triarolo[4,3-a]pyrazin­
7(8H)-yl]bulan-I-one.

____________________ PhE"

Soft Soap
Preparation
Soap Spirit

DEFINITION
Soft Soap is soap made by the interaction of potassium
hydroxide or sodium hydroxide with a suitable vegetable oil
or oils or with fatty acids derived there from. It yields not less
than 44.0% of fatty acids. It may be coloured with
chlorophyll or not more than 0.015% of a suitable green
soap dye.

CHARACTERISTICS
A yellowish white to green or brown, unctuous substance.

Soluble in wa,.,. and in ethanol (96%) .
•

TESTS
Chlorides and other ethanol-insoluble substances
Dissolve 5 g in 100 mL of hot ethanol (96%) previously
neutralised to pherwlphthalein roluti<m Rl, filter through a
dried and tared filter, wash the residue thoroughly with hot
neutralised ethanol (96%) and dry to constant weight at 105'.
The residue weighs not more than 0.15 g.

Free fatty acid or alkali hydroxide
Boil 250 mL of ethanol (96%) to remove carbon dioxide, add
0.5 mL of phenalphthalein solurion Rl, aUow to cool to 70'
and neutralise, if necessary, with O.lM sodium hydroxide VS or
O.05M sulfuric acid Vs. To 100 mL of the neutral ethanol add
109 of the substance being examined and dissolve it as
quickly as possible by heating under a reflux condenser. Cool

Soft Soap II-899

to 70° and, if the solution is not pink, titrate at 70° with D.lM
sodium hydroxide VS; not more than 0.2 mL is required.
If the solution is pink add, in a thin stream, 5 mL of hot
ban"urn chloride solution previously neutralised to
phenolphthalein solution Rl, mix thoroughly and titrate with
O.IM hydrochloric acid VS until the pink colour disappears;
not more than 1.0 mL is required.

Total free alkall
To 100 mL of the neurral ethanol prepared as described in
the test for Free fatty acid or alkali hydroxide add 109 of the
substance being examined and dissolve it as quickly as
possible by heating under a reflux condenser.
Add inunediately 3 mL of O,5M sulfuric acid VS and boil
under a reflux condenser on a water hath for at least
10 minutes. If the solution is not pink, cool to 70° and titrate
with 1Msodium hydroxide VS until a pink colour is produced.
The volume of O.5M sulfuric acid VS neutralised by the
substance being examined is not more than 1.0 mL.

Unsaponifiable matter and unsaponified neutral fat
Dissolve 5 g in 80 mL of a mixture of 50 mL of ethanol
(96%) and 100 mL of wa,.,., without heating more than is
necessary, and transfer to a separating funnel, washing the
vessel with the remaining 70 mL of the mixture. Extract with
100 mL of ether while still slightly warm, run off the
ethanolic soap layer into a second separating funnel and
extract with 50 mL of ether. Repeat' the extraction with
50 mL of ether and pour the wee ether extracts into a
separating funnel containing 20 mL of water. Rotate the
separating funnel without violent shaking and, after allowing
the liquids to separate, run off me water. Repeat the washing
with water in the same manner until the separated washings
are not more than faintly turbid when acidified. Wash the
ether solution twice by shaking vigorously with 20 mL of
O.5M potassium hydroxide, each washing with alkali being
immediately followed by washing with 20 mL of wa,.,.,
shaking vigorously each time. Acidify the last alkali washing
after separation and, if the liquid becomes turbid, repeat the
washing with O.5M potassium hydroxide and wa"" until the
alkali washing remains clear on acidification. Finally wash
with successive 20 mL quantities of wateruntil the washings
do not give a pink colour with phenolphthalein solution RI.
Transfer the ether solution to a tared flask and remove the
ether. When nearly all the ether has evaporated, add 3 mL of
tUecone. With the aid of a gentle current of air remove the
solvent completely from the flask, which is preferably almost
entirely immersed in boiling water, held obliquely and
rotated. Repeat the last operation until the weight of the
residue is constant. The residue weighs not more than
40 mg.

CHARACTERISTICS OF TIlE FATTY ACIDS
OBTAINED IN TIlE ASSAY
Acid value
Not more than 205, Appendix X BJ when derermined on
2 to 3 g of the fatty acids, using O.5M potassium hydroxide VS
and substituting 2.805 for 5.610 in the formula.

Iodine value
Not less than 83 (iodine m<mochloride method), Appendix X E.

Solidifying point
Not above 31', Appendix V B, with the following
modifications. Where the determination is made at 15° to
20° the 1000 mL beaker and cooling liquid need not be
used. Where the room temperature falls outside this range
the 1000 mL beaker should contain water maintained at 15°
to 20° and the level of this water should not be below the
level of the sample in the inner tube.
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II-900 Soda Lime

Transfer about 15 mL of the melted fatty acids to the inner
test tube. Before the temperature of the fatty acids drops to a
point 10° above their expected solidifying point, begin
agitation in a vertical manner at a rate of 100 complete up
and down motions per minute, the stirrer moving through a
vertical distance of about 38 mm. Continue stirring in this
manner until the temperature has remained constant for
30 seconds or has begun to rise within 30 seconds of ceasing
to fall. Discontinue stirring immediately and lift the stirrer
out of the sample. Observe the rise in temperature; the
highest temperature reached after cessation of stirring is me
solidifying point of the fatty acids. When reading the
thermometer avoid all undue vibration as this will cause the
temperature to drop before reaching the maximum.

Resin
Mix 0.5 mL of the melted fatty acids in a test tube with
2 mL of aceuc anhydn'de, warm, shake until clear and cool to
15.5°. Transfer one drop of this solution to a white porcelain
tile, place one drop of a cold mixture of equal volumes of
sulfuric add and wateradjacent to it and gently bring the
drops together with a glass rod. No transient violet colour is
produced.

ASSAY
Dissolve 30 g in 100 mL of water, transfer to a separating
funnel, acidify with 1M sulfun·c acid and extract with
successive quantities of 50, 40 and 30 mL of ether. Mix the
ether solutions in a separating funnel and wash with water
until the washings are free from mineral acid. Transfer the
ether solution to a tared flask, remove the ether and dry the
residue of fatty acids to constant weight at 80°.

Soda Lime
8006-28-8

Action and use
Used to absorb carbon dioxide.

DEFINITION
Soda Lime is a mixture of sodium hydroxide, or sodium
hydroxide and potassium hydroxide, with calcium hydroxide.

CHARACTERISTICS
White or greyish white granules, or it may be coloured with
an indicator to show when its absorptive capacity is
exhausted. It absorbs about 20% of its weight of carbon
dioxide.

Partially soluble in water; almost completely soluble in
1M acetic acid.

IDENTIFICATION
A. When moistened with hydrochWric add and introduced on
a platinum wire into a flame, imparts a yeUow colour to the
flame.

B. A solution in 1M acetic add yields reaction C characteristic
of calcium salts, Appendix VI.

C. A suspension in waW is strongly alkaline to litmus paper.

TESTS
Hardness of granules
Shake 200 g on a sieve no. 2000 for 3 minutes using a
mechanical sieve shaker that reproduces in a uniform manner
the circular and tapping motion given to sieves in manual use
and has a frequency of oscillation of 282 to 288 cycles per
minute. Place 50 g of the retained material in a hardness pan

2022

20 ern in diameter having a concave brass bottom, 7.9 mm
thick at the circumference, 3.2 mm thick at the centre and
with an inside spherical radius of curvature of 109 em.
Add 15 steel balls, 7.9 mm in diameter, and shake on the
mechanical sieve shaker for 30 minutes. Remove the steel
balls, transfer me contents of the pan to a sieve no. 2000 and
again shake on the mechanical sieve shaker for 3 minutes.
The material retained by the sieve weighs not less than
37.5 g.

Size of granules
Shake 500 g on a perforated plate of nominal pore size
6.70 mm; not more than 5 g is retained. Then shake on a
sieve no. 4750; not more than 50 g is retained. Shake the
unretained material on a sieve no. 1400; not more than 20 g
passes through. Shake the unretained material on a sieve no.
600; not more than 7.5 g passes through.

Loss on drying
When dried to constant weight at 105°, loses 14.0 to 21.0%
of its weight. Use 1 g.

Moisture absorption
Place 109 in an open glass dish about 50 rom in diameter
and 30 mm high in a desiccator over sulfuric add (14%) and
allow it to remain for 24 hours. The increase in weight is not
more than 7.5%.

Carbon dioxide absorption
The activity is not less than 120 minutes when determined
by the following method.

Use a vertically-clamped tube of glass or other suitable
transparent material about 25 em long and 29 to 31 mm
internal diameter with closely fitting rubber bungs at each
end, the bungs are bored to receive polythene or glass tubing
of about 8 mm external diameter, the tubing being flush with
the inner ends of the bungs. With the lower bung in position,
place sufficient nylon mesh support on top of me bung to
produce a bed of mesh about 10 ern deep and press a closely
fitting disc of stainless steel gauze of nominal mesh aperture
about 500 pm on top of the nylon mesh so that its surface is
at righr angles 10 the axis of the tube. Introduce 59.8 10

60.2 g of the substance being examined onto the steel gauze
in three portions, tamping lightly after the addition of each
portion. Place a second disc of steel gauze on top, followed
by a sufficient quantity of nylon mesh such that the soda
lime is kept consolidated by slight pressure when the second
bung has been inserted. The exit tube is connected to a
condenser, consisting of two 50 mL separating funnels,
leading 10 a drying tube packed with anhydrous calcium
chloride and then to a carbon dioxide analyser sufficiently
sensitive to detect 0.2% v/v of carbon dioxide.
A katharometer, calibrated for carbon dioxide and preferably
used in conjunction with a chan recorder, is suitable.

Using the gas analyser in accordance with the manufacturer's
instructions, accurately determine the carbon dioxide
content, p, as a percentage v/v, of a nominal 5% carbon
dioxide mixture, the balance gas being oxygen, air or
nitrogen as appropriate to the type of gas analyser being
used. Suitable compressed gas mixtures ace available
commercially. Assemble the apparatus described above and
pass the gas mixture downwards into the absorption tube at a
rate of 900 cnr' per minute until such time that the gas
analyser shows the content of carbon dioxide in the effluent
gas to have risen to 0.2% vlv. Steps should be taken to vent
the effluent gas if an oxygen-carbon dioxide mixture is being
used. Record the time taken, t J in minutes. The activityof
the soda lime is given, in minutes, by the expression tp/5.
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2022 Sodium Acid Citrate 11-901

PhEII _

DEFINITION
Sodium acetate trihydrate (sodium ethanoate trihydrate).

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
While or almost white, crystalline powder or colourless
crystals.

Solubility
Verysoluble in water, soluble in ethanol (96 per cent).

IDENTIFICATION
A. I mL of solution S (see Tests) gives reaction (b) of
acetates (2.3.1).

B. I mL of solution S gives reaction (a) of sodium (2.3.1).

C. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waUl' R prepared from
dislilkd waterR and dilute to 100 mL with the same solvent

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Me/hodII).

pH (2.2.3)
1.5 to 9.0.

Dilute 5 mL of solution S to 10 mL with carbon dioxide-free
waterR.

Reducing substances
Dissolve 5.0 g in 50 mL of waUl' R, then add 5 mL of dilute
su/furic acidRand 0.5 mL of a 0.32 gIL solution of potassium
permanganate R. The pink colour persists for at least 1 h.
Prepare a blank in the same manner but without the
substanceto be examined.

Chloride. (2.4.4)
Maximum 200 ppm.

Dilute 2.5 mL of solution S to 15 mL with waUl' R.

Sulfate. (2.4.13)
Maximum 200 ppm.

Dilute 1.5 mL of solution S to 15 mL with distilled waUl' R.

Aluminium (2.4.17)
Maximum0.2 ppm, if intended for use in the manufacture of
dialysis solutions.
Prescribed solution Dissolve 20 g in 100 mL of waterRand
adjust to pH 6.0 with a 103 gIL solution of hydrochloric
acidR (about 10 mL).

Sodium Acetate Trihydrate

144-33-2

DisodiumHydrogen Citrate

CoH.Na,O"IV,H,O 263.1

Sodium Acid Citrate

Action and use
Anticoagulant.

___________________ PhEll

Reference solurion lvlix 2 mL of aluminium standard solution
(2 ppm AQ R, 10 mL of acetate buffer solution pH 6.0 Rand
98 mL of waterR.

Blank solution Mix 10 mL of acetate buffer solution pH 6.0 R
and 100 mL of waUl' R.

Calcium and magnesium
Maximum 50 ppm, calculated as Ca.

To 200 mL of waUl' R add 10 mL of ammonium chloride
buffersolution pH 10.0 R, 0.1 g of mordant bk2ck 11 triturate R,
2.0 mL of 0.05 M zinc chloride and, dropwise, 0.02 M sodium
edeuue until the colourchanges from violet to blue. Add to

the solution 10.0 g of the substance to be examinedand
shake to dissolve. Titrate with 0.02 M sodium edetate untilthe
blue colour is restored. Not more than 0.65 mL of 0.02 M
sodium edetate is required.
Iron (2.4.9)
Maximum 10 ppm, determined on solutionS.

Lo•• on drying (2.2.32)
39.0 per cent to 40.5 per cent, determined on 1.000 g by
drying in an oven at 130 °C. Introduce the substance to be
examined into the oven while the larter is cold.

ASSAY
Dissolve 0.250 g in 50 mL of anhydrous acelic acid R, add
5 mL of acetic anhydn"de R, mix and allow to stand for
30 min. Using 0.3 mL of naphrholbenzein sdunon R as
indicator, titrate with 0.1 M perchlonc acid untila green
colour is obtained.
I mL of 0.1 M perchlori< acid is equivalent to 8.20 mg
of C2H,Na02'

STORAGE
In an airtight container.

LABELLING
The label states,where applicable, that the substance is
suitable for use in me manufacture of dialysis solutions.

DEFINITION
SodiumAcid Citrate contains not less than 98.0% and not
more than 104.0% ofC6H~a207,J'h H20.

CHARACTERISTICS
A white powder.
Freely soluble in water; practically insoluble in ethanol (96%).

IDENTIFICATION
Yields me reactions characteristic of sodium salts and of
curates, Appendix VI.

TESTS
Acidity
pH of a 3%w/v solution, 4.9 to 5.2, Appendix V L.

Arsenic
0.50 g dissolved in 25 mLof watercomplies with the limit test
for arsenic, Appendix VII (2 ppm).

**** ** ** ****

6131-9D-4136.1

(Ph. Eur. monograph 0411)

G,H,NaO,,3H,O

Action and use
Used in solutions for dialysis; excipient.

Preparation
Sodium AcetateSterile Concentrate
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11-902 Sodium Alendronate Trihydrate 2022

Time MobUephueA MobUe phase B
(min) (per cem V/V) (per cent VJ1I)

0-3 100 0

3 - 18 100 _ 50 0 ..... 50

18- 28 50 _ 0 50 _ 100

IDEt"lTIFlCATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium olendromue trihydrate CRS.
B. Loss on drying (see Tests).

C. II gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free waterR prepared from
distilled water R and dilute [0 50 mL with the same solvent.

pH (2.2.3)
4.0 to 5.0 for solution S.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.
Souuion A Dissolve 29.4 g of sodium ciutue R in water Rand
dilute to 1.0 L with the same solvent.
Solution B Dissolve 19.1 g of disodium teiraborate R in
water R and dilute to 1.0 L with the same solvent.
Solution C Prepare immediatelY before use. Dissolve 0.200 g of
(9-f1uorenyl)methyl chlorofonnate R in acetonimle R and dilute
to 50.0 mL with the same solvent.
Buffer sdution Dissolve 2.84 g of anlrydrou, disadium
Irydrogen phosphate R and 5.88 g of ,odium cUrate R in 1.9 L
of water R, adjust to pH 8.0 with eitherphosphoric acidR or a
42 gIL solution of sodiumhydroxide R and dilute to 2.0 L
with water R.
Testsolution Dissolve 30 mg of the substance to be
examined in solution A and dilute to 50 mL with solution A.
Transfer 5 mL of the solution to a 50 mL polypropylene
screw-cap centrifuge tube containing 5 mL of solution B.
Add 5 mL of acetonitrile R and 5 mL of solution C. Shake for
45 s and allow to stand at room temperature for 30 min.
Add 20 mL of melhylene chloride R and shake vigorously for
1 min. Cennifuge for 5-10 min and use the clearupper layer.
Reference ,oIution (a) Dissolve 15 mg of 4-aminabutanai<
acidR (impurity A) in solution A and dilute to 100 mL with
solution A. Dilute 10 mL of the solution 10 50 mL with
solution A. Take 5 mL of this solution and proceedas
described for the test solution, starting from 'to a 50 mL
polypropylene screw-cap centrifuge tube'.
Reference ,oIution (b) Dissolve 3 mg of sodium a/endronate for
systemsuitability CRS (containing impurity D) in solution A
and dilute to 5 mL with solution A. Take this solution and
proceedas described for the test solution, starting from 'to a
50 mL polypropylene screw-cap centrifuge tube'.
Blank sol",.,n Take 5 mL of solution A and proceed as
described for the test solution, starting from 'to a 50 mL
polypropylene screw-cap centrifuge tube'.
Column:
- size: / = 0.25 m, III = 4.1 mm;
- stationary phase: styrene-divinylbenzene ropaIymer R

(10 um);
- temperature: 45 'C.

Mobilephase:
- mobile phaseA: acetonitrile R, buffer solution (15:85 VIV);
- mobile phaseB: buffer solution, acetonitrile R (30:70 VII');

Chloride
Dissolve 1.0 g in 100 mL of water. 15 mL of the resulting
solution complies with the limit test for chlorides, Appendix vn
(330 ppm).

Oxalate
Dissolve 1.0 g in 4 mL of water, add 3 mL of Irydnxh/ori<
acidand 1 g of granulated zinc and heat on a waterbath for
1 minute. AUow to stand for 2 minutes, decant the liquid
into a test tube containing 0.25 mL of a 1% wlvsolution of
pheny/lrydrazine hydrochloride and heat to boiling. Cool
rapidly, transfer to a graduated measuring cylinder, add an
equal volume of Irydrochloric acid and 0.25 mL of potassium
hexacyatwfen'ate(IIl) sdiaion, shake and allow to stand for
30 minutes. Any red colour produced is not more intense
than thatproduced by treating in the same manner4 mL of
a 0.005% wlv solution of oxa/i< acid (150 ppm, calculated as
anhydrous oxalic acid).

Sulfute
Dissolve 0.50 g in 57 mL of waterand add 3 mL of
2M Irydnxh/ori< acid. 15 mL of the resulting solution complies
with the lim,; restfor sulfates, Appendix vn (0.12%).

Readily carhonisable substances
Heal 1.0 g, in powder, with 10 mL of sulfuric acid for
30 minutes in a water hath protected from light. Not more
than a pale brown colour is produced.

ASSAY
Heat 2 g until carbonised, cool and boil the residuewith
50 mL each of waterand O.5M hydrochloric acidVS. Filler,
wash the filterwith water and titrate the excess of acid in the
filtrate and washings with O.5M sodium Irydroxide VS using
methylorange solution as indicator. Each mL of O.5M
Irydnxh/oric acid VS is equivalent to 65.78 mg of
CoHoNazO" I 'hHzO.

DEFINITION
Monosodium rrihydrogen (4-amino-I-hydroxybutylidene)
bisphosphonate trihydrate.

Content
98.0 per cent to 102.0 per cent (driedsubstance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solubility
Soluble in water, practically insoluble in methanol and in
methylenechloride.

Sodium Alendronate Trihydrate
Sodium Alendronate
(Ph. Eur. monograph 1564)

C.,H1ZNNaO,Pz,3HzO 325.1 12126IH7-5

Preparation
A1endronic Acid and Colecalciferol Tablets
""81 _
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2022 Sodium Alginate II-903

____________________ PhEIr

PhE" _

A. 4-amlnobutanoic acid (y-aminobutyric acid),
B. phosphate,
C. phosphite,

D. unknown structure.

**** ** *
*****(ph. Eur. monograph 0625)

Action and use
Excipient.

Preparations
Alginate Raft-forming Oral Suspension
Compound Alginate Antacid Oral Suspension

Sodium Alginate

DEFINITION
Sodium alginate consists mainly of the sodium salt of alginic
acid, which is a mixture of polyuronic acids [(C.lIsO.).]
composed of units of o-mannuronic acid and L-guluronic
acid. Sodium alginate is obtained mainly from algae
belonging to the Phaeophyceae.

CHARACfERS
Appearance
White or pale yellowish-brown powder.

Solubility
Slowly soluble in waterforming a viscous, colloidal solution,
practically insoluble in ethanol (96 per cent).

IDENTIFICATION
A. Dissolve 0.2 g with sbaking in 20 mL of water R.
To 5 mL of this solution add I mL of calcium chloride
solution R. A voluminous gelatinous mass is formed.

Limits:
- impurities B, C: for each impurity, not more than the area

of the corresponding peak in the chromatogram obtained
with reference solution (d) (0.5 per cent).

Loss on drying (2.2.32)
16.1 per cent to 17.1 per cent, determined on 1.000 g by
drying in an oven at 140-145 "C.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
impurities Band C with the following modification.

Injection Test solution and reference solution (a).
Calculate the percentage contentofC4HI2NNa01P2 taking
into account the assigned content of sodium alendronate
trihydrate CRS.

IMPURITIES
SjJe<ijiM impurilies A, B, C.

Otherdeuaabte impurities (thefollowing substances would, if
present at a sufficient level, be detuted by oneor other0/thetests
in the monograph. They are limited by thegeneral acceptance
cntenon for other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurilies
in substances for pharmaceutical use) D.

Flow rate 1.8 mllmin.

Detection Spectrophotometer at 266 run.

Injection 20 J.lL of the test solution) reference solutions (a),
(b) and the blank solution.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurityAi use the chromatogram supplied with sodium
aiendronate for system suitability CRS and the chromatogram
obtained with reference solution (b) to identify the peakdue
to impurity D.

Relativeretention With reference to elendronare (retention
time = about 7 min): impurity D = about 1.4;
impurity A =about 1.9.

System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

alendronate and impurity D.
Limits:
- correaion foetor: for the calculation of content,multiply the

peak area of impurity A by 0.4;
- impuniyA: maximum 0.15 per cent;
- unspecified impurities: for each impurity) maximum

0.10 per cent;
- lOcal: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Impurities Band C
Liquid chromatography (2.2.29).

Test solutian Dissolve 50.0 mg of the substance to be
examined in water R and dilute to 25.0 mL with me same
solvent.

Reference solution (a) Dissolve 50.0 mg of sodium alendnmate
trihydrate CRS in waterR and dilute to 25.0 mL with the
same solvent.
Reference solution (b) Dissolve 3.0 g ofphosphoric acidR in
waterR and dilute to 100.0 mL with the same solvent. Dilute
1.0 mL of the solution to 100.0 mL with waterR.

Reference solution (c) Dissolve 2.5 g of phosphorous acidR in
water R and dilute to 100.0 mL with me same solvent. Dilute
1.0 mL of the solution to 100.0 mL with waterR.
Reference solution (d) Mix 2.0 mL of reference solution (b)
with 2.0 mL of reference solution (c) and dilute to 50.0 mL
with waterR.
Column:
- size: 1:::: 0.15 m, «2' :::: 4.6 mm;
- stationary phase: anion-exchange resin Rl (7 J.UD);
- temperature: 35°C.
Mobilephase Mix 0.2 mL of anhydrous formic acidR with
I L of waterR; adjust to pH 3.5 with 2 M sodium
hydroxide R.

Flow rate 1.2 mllmin.

Detection Differential refractometer.
Injection 100 p.L of me test solution and reference
solutions (b), (c) and (d).

Run time Twice the retention time of alendronate.

Identification of I~mpuniies Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurityB; use the chromatogram obtained withreference
solution (c) to identify the peak due to impurity C.

Relative retention With reference to alendronate (retention
time =about 16 min): impurity B =about 1.3;
impurity C =about 1.6.
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II-904 Sodium Amidotrizoate 2022

____________________ PhE"

PhE" _

**** ** ** ****

737-31-5636

(Ph. Eur. monograph II50)

Sodium Amidotrizoate

Action and use
Iodinated contrast medium.

DEFINITION
Sodium amidotrizoate contains not less than 98.0 per cent
and not more than the equivalent of 101.0 per cent of
sodium 3,5-bis(acetylamino)-2,4,6-tri~iodobenzoate,

calculated with reference to the anhydrous substance.

CHARACTERS
A white or almost white powder) freely soluble in water,
slightly soluble in ethanol (96 per cent), practically insoluble
in acetone.

It melts at about 261°C with decomposition.

IDENTIFICATION
First identification: A" D.

Secondidentification: B, C, D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with 'odium
amidotrizoare CRS. Dry both the substance to be examined
and the reference substance at 100 °C to 105°C for 3 h.

B. Examine the chromatograms obtained in the test for
related substances. The principal spot in the chromatogram
obtained with test solution (b) is similar in position and size
to me principal spot in the chromatogram obtained with
reference solution (b).

C. Heat 50 mg gendy in a small porcelain dish over a naked
flame" Violet vapour is evolved.

D. It gives reaction (a) of sodium (2.3.1).

functions of the substance when used as an excipient (see chapter
5015). Some of the characteristics described in the Functionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatoryquality
criteria. In such cases, a cross-reference W the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics cancontribtue
to the qualityof a medicinal product by improving the consistency
of the mamUtUcunOng process and theperfomlanct of the medicinal
product durmguse. Where control methods arecited, they are
recognised as being suitable for thepurpose, but othermethods can
alsobe used. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.

Thefollowing characteristic may be relevant for sodium alginate
usedas viscosity-increasing agene or binder.

Apparent viscosIty (2.2. /0)
Carry out the test on a 10 WL solution (dried substance)"
Determine the dynamic viscosity at 20°C using a rotating
viscometer at 20 r/mlo.

B. To 10 mL of the solution prepared in identification test A
add 1 mL of dilutesulfurK acid R. A gelatinous mass is
formed.

C. To 5 mg add 5 mL of waterR, I mL of a freshly
prepared 10 gIL solution of 1,3-dihydroxynaphthalene R in
ethanol (96 per cenV Rand 5 mL of hydrochloric acid R. Boil
for 3 min, cool, add 5 mL of waterR, and shake with 15 mL
of di-isopcopyl etherR. Carry out a blank test. The upper layer
obtained with the substance to be examined exhibits a deeper
bluish-red colour than that obtained with the blank.

D. Sulfated ash (see Tests). The residue obtained, dissolved
in 2 mL of water R, gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.10 g in water R with constant stirring, dilute to
30 mL with the same solvent and allow to stand for I h.

Appearance of solution
The solution is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
intensity 6 of the range of reference solutions of the most
appropriate colour (2.2.2, Method II).

Dilute I mL of solution S to 10 mL with water R.
Chlorides
Maximum 1.0 per cent.

To 2.50 g add 50 mL of dilutenitric acidR, shake for I h
and dilute to 100.0 mL with dilute nitricacidR. Filter.
To 50.0 mL of the filtrate add 10.0 mL of 0.1 M silver nitrate
and 5 mL of toluene R. Titrate with 0.1 M ammonium
thiocyanate, using 2 mL ofjmic ammonium sulfate solution R2
as indicator and shaking vigorously towards the end point.

I mL of O. I M silvernitrate is equivalent to 3.545 mg of Cl.

Calcium
Maximum 1.5 per cent.

Atomic absorption spectrometry (2.2.23, Method II).

Test ,oIution Dissolve 0.10 g in 50 mL of diluteammonia R2,
heating on a water-bam. Allow to cool and dilute to
100.0 mL with distilled water R (solution (a)). Dilute 3.0 mL
of solution (a) to 100.0 mL with distilkd waterR.
Reference solutions Prepare 3 reference solutions in the same
manner as the test solution but add 0.75 mL, 1.0 mL and
1.5 mL respectively of calcium standard solution
(/00 ppm CaY R to the 3.0 mL of solution (a).

Set the zero of the instrument using a mixture of 1.5 volumes
of diluteammoniaR2 and 98.5 volumes of distilled waterR.

Source Calcium hollow-cathode lamp.

Wavelength 422.7 urn.
Atomisation device Air-acetylene flame.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 0.1000 g by drying
iIi an oven at 105°C for 4 h.

Sulfated ash (2.4.14)
30.0 per cent to 36.0 per cent (dried substance), determined
on 0.1000 g.

Microbial contamination
TAMC: acceptance criterion 10' CFUlg (2.6.12).

TYMC: acceptance criterion 102 CFUlg (2.6.12).

Absence of Escherichia coli(2.6.13).

Absence of Salmonella (2.6.13).

FUNCTIONALITY-RELATED CHARACTERISTICS
Thisseaion provides infonnation on charactetiuiathat are
recognised as being relevant control parameters for oneor more

www.webofpharma.com



2022 Sodium Aminosalicylate Dihydrate II-90S

PhE" '---- _

____________________ PhE"

B. 3)5-bis(acetylamino)-2,4-di-iodobenzoic acid.

**** ** ** ****

6018-19-5211.1

(ph. Eur. monograph 1993)

r"'yCo,N' 21<,0

H,N~OH

Sodium Aminosalicylate Dihydrate

C,H.,NNaO,,2H,O

Action and use
Antituberculosis drug.

A. 3-acetylamino-5-amino-Z,4,6-ui-iodobenzoic acid,

ASSAY
To 0.150 g in a 250 mL round-bottomed flask add 5 mL of
strong sodium hydroxide solution R) 20 mL of water R, I g of
zincpowder R and a fewglassbeads. Boil under a reflux
condenser for 30 min. Allow to cool and rinse the condenser
with 20 mL of waterR, adding the rinsings to the flask. Filter
through a sintered-glass filter (2.1.2) and wash the filter with
several quantities of waterR. Collect the filtrate and
washings. Add 40 mL of dilute sn/furic acid R and titrate
immediately with 0.1 M sl7ver nitrate. Determine the
end-point potentiometrically (2.2.20).

1 mL of 0.1 M sl7ver nitrate is equivalent to 21.20 mg of
CIlHal,N,Na04 .

STORAGE
Store protected from light.

IMPURITIES

Water (2.5.12)
Not more than 11.0 per cent, determined on 0.400 g by the
semi-micro determination of water.

DEFINITION
Sodium 4-amino-2-hydroxybenzoate dihydrate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder or crystals, slightly
hygroscopic.

Solubility
Freelysoluble in water) sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

TESTS
Solution S
Dissolve 10 g in carbon dioxide-free water R and dilute to

20 mL with the same solvent.

Appearance of solution
Dilute 1 mL of solution S to 10 mL withwaterR.
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).

pH (2.2.3)
The pH of solution S is 7.5 to 9.5.

Related substances
Examine by thin-layer chromatography (2.2.27)) using a
TLC silica gel GFm plate R. Prepare thesolmions in snbdued
light and develop the chromatograms protected from light.

Test solution (a) Dissolve 0.50 g of the substance [0 be
examined in a 3 per cent VIV solution of ammonia R in
methanol R and dilute lO 10 mL with me sante solution.
Test solution (b) Dilute I mL of test solution (a) to 10 mL
with a 3 per cent VIV solution of ammonia R in methanol R.

Reference solution (a) Dilute I mL of test solution (b) to
50 mL with a 3 per cent VIV solution of ammonia R in
methanol R.
Reference sdiuion (b) Dissolve 50 mg of sodium
amidotrizoase CRS in a 3 per cent VIV solution of ammonia R
in methanol R and dilute to 10 mL with the same solution.
Applyseparately to the plate 2 J.lL of each solution. Develop
over a path of 15 ern using a mixture of 20 volwnes of
anhydrous formic acid R, 25 volumes of methylethylkeume R
and 60 volumes of toluene R. Allow the plate to dryuntil the
solvents have evaporated and examine in ultraviolet lightat
254 run. Any spot in me chromatogram obtained with test
solution (a») apart from the principal spot) is not more
intense than the spot in the chromatogram obtained with
reference solution (a) (0.2 per cent).

Free aromatic amines
lvlainta;n the solutions and reagents in iced water, protectedfrom
light To 0.50 g in a 50 mL volumetric flask add 15 mL of
waterR. Shake and add I mL of dilute sodium hydroxide
solution R. Cool in iced water, add 5 mL of a freshly
prepared 5 gIL solution of sodium nitrite Rand lZ mL of
dilute hydrochloric acid R. Shake gently and allow to stand for
exactly 2 min after adding the hydrochloric acid. Add 10 mL
of a 20 gIL solution of ammonium sul/amate R. Allow to stand
for 5 min, shaking frequently, and add 0.15 mL of a 100 gIL
solution of a-naphthol R in ethanol (96 percenll R. Shake and
allow 10 stand for 5 min. Add 3.5 mL of buffer solucion
pH 10.9 R, mix and dilute to 50.0 mL with water R.
The absorbance (2.2.25), measured within 20 minat 485 nm
using as the compensationliquida solutionprepared at the
same time and in the same manner but omitting the
substance to be examined, is not greater than0.30.

Free iodine and iodides
Not more than 50 ppm. Dissolve 1.0 g in distilled waterR
and dilute to 10 mL with the same solvent. Add dropwise
dilute nitric acid R until the precipitation is complete, then
add 3 mL of dilute nitric add R. Filterand wash the
precipitate with 5 mL of water R. Collect the filtrate and
washings. Add 1 mL of strong hydrogen peroxide solution Rand
1 mL of methylene chloride R. Shake. The lowerlayer is not
more intensely coloured than a reference solution prepared
simultaneously and in the same manner, using a mixture of
5 mL of iodide standard solution (10 ppm I) R, 3 mL of dilute
nitric acidRand 15 mL of waterR.
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II-906 Sodium Aminosalicylate Dihydrate

IDENTIFICATION
First identification: A, E.
Second identification: B, C, D, E.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium aminosalicylau. dihydrate CRS.
B. Introduce 0.3 g into a porcelain crucible. Cautiouslyheat
on a smaU ftame untilvapour is evolved. Cover the crucible
with a watch glass and collect the white sublimate.
The melting point (2.2.14) of the sublimate is I20"C to
124 "C.

C. To 0.1 mL of solution S (see Tests) add 5 mL of waterR
and 0.1 mL offerric chloride solution RI. A reddish-brown
colour develops.

D. 2 mL of solution S gives the reaction of primary aromatic
amines (2.3.1).

E. 0.5 mL of solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.50 g in carbon dioxide-free walerR and dilute to
25 mL with the samesolvent.

Appearance of solution
The freshly prepared solution is clear (2.2.1) and not more
intenselycoloured than reference solution B5 (2.2.2,
MethodIf).
Dissolve 2.5 g Ln waterR and dilute to 25 mL with the same
solvent.
pH (2.2.3)
6.5 to 8.5 for solution S.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immedi4tely be/ore use.
Testsolutum Dissolve 50.0 mg of the substance to be
examined in water R and dilute to 50.0 mL with the same
solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with waterR. Dilute 1.0 mL of this solution to
20.0 mL with waterR.
Reference solution (b) Dissolve 5 mg of 3-aminophenol R
(impurity A) and 5 mg of mesalazine R (impurity B) in
water R and dilute to 100 mL with the same solvent. Dilute
1 mL of the solution to 5 mL with waterR.
Column:
- size: 1=0,25 m, 0 =4.6 mm;
- stationary phase: base-deactivated end-capped octylsilyl silica

gelfor chromatography R (5 urn).

Mobile phase:
- mobile phase A: dissolve 2.2 g of perchloric acidRand 1.0 g

of phosphoric acidR in waterfor chromalOgraphy Rand
dilute to 1000 rnLwith the same solvent;

- mobile phase B: dissolve 1.7 g .If perchloric acid Rand 1.0 g
of phosphoric acidR in acetonitrile for chromatography Rand
dilute to 1000 mL with the same solvent;

2022

Idenufiauion of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A and B.
Rdatioe retention With reference to 4-aminosalicylate
(retention lime = about 17 min): impurity A = about 0.31;
impurity B = ahout 0.39.

System suitability Reference solution (b):
- resolution: minimum 4.0 between the peaksdue to

impurities A and B.
Calculation of percentage contents:
- correaion factor. multiply the peak area of impurity A by

0.62;
- for each impurity, use the concentration of sodium

aminosalicylate dihydrate in reference solution (a),
Limits:
- inzpun'ty A: maximum 0.15 per cent;
- unspedfied impurities: for each impurity, maximum

0.05 per cent;
- total: maximum 0.2 per cent;
- reponing threshold: 0.03 per cent.

Loss on drying (2.2.32)
16.0 per cent to 17.5 per cent, determined on 1.000 g by
drying in an oven at 105 "C.

ASSAY
Dissolve 0.150 g in 20 mL of waterR. Add 10 mL of a
500 gIL solution of sodium bromide Rand 25 mL ofglacial
acetic acidR. Add 5 mL of 0.1 M sodium nitrite rapidly and
continue the titration with the same titrant, determining the
end-point potentiometrically (2.2.20).
1 mL of 0.1 M sodium nitrite is equivalent to 17,51 mg
of C,H,;NNaO,.

STORAGE
In an airtight container, protected from light. If the substance
is sterile, the container is also sterileand tamper-evident.

IMPURITIES
Specified impuriti<s A.
Otherdelutable imp-wilks (thefollowing substances would, if
present at a sufficien: level, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral a«ej>umce
criterion for otherhmspecified impun'ties and/or by thegeneral
monograph Substances for pharmaceuti<al use (2034). It is
lherefore nOI necessary to iJenu'jy these impun'ties Jor
demonstration oj compliance. See also5.10. Control of impundes
in substances forpharmaceutical use) B.

H,NOOH

A. 3-aminophenol,

H,NyYCo,H

~OH
Time
(min)

0-15

15 - 30

Mobile phase A
(per cent VIV)

100

100 --> 40

Mobile phase B
(per cent VIJo')

o
0-->60

B. 5-amino-2-hydroxybenzoic acid (mesalazine).
____________________ PIIEII

Flow rate
Detection
Injection

1.25 mlJmin.

Spectrophotometer at 220 run.
10 ~L.

www.webofpharma.com



2022 Sodium Ascorbate 11-907

PhEtr _

(Ph. Eur. monograph 1791)

Sodium Ascorbate

DEFINITION
Sodium (2R)-2-[(IS)-1,2-dihydroxyethyl]-4-hydroxy-5-oxo­
2,5-dihydrofuran-3-o1ate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor yellowish, crystalline powderor crystals.

Solubility
Freelysoluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
Firse idendficotion: B, D\
Second identification: A, C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium asccrbace CRS.
C. To I mL of solution S (see Tests) add 0.2 mL of dilute
nitric add Rand 0.2 mL of silvernitrate solution RZ. A grey
precipitate is formed.
D. I mL of solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distilled waler Rand dilute to 100.0 mLwith the same
solvent,

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 or BY6 (2.2.2, Method11);
examine the colour immediately after preparation of the
solution.

pH (2.2.3)
7.0 to 8.0 determined on freshly prepared solution S.

Specific optical rotation (2.2.7)
+ 103 to + 108 (dried substance), determined on freshly
prepared solution S.

Impurity E
Maximum 0.2 per cent.
Test solution Dissolve 0.25 g in 5 mL of waterR. Add I mL
of dilute acetic acid Rand 0.5 mL of calcium chloride
solution R.
Reference solution Dissolve 70 mg of oxalic acid R (dihydrate
of impurity E) in waterR and dilute to 500 mL with the
same solvent; to 5 mL of the solutionadd 1 mL of dilute
acetic acidRand 0.5 mL of calcium chloride solution R.

Allow the solutions to standfor 1 h. Any opalescence in the
test solution is not more intense than thatin the reference
solution.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Phosphate boffersolution Dissolve 6.8 g of potassium
dihydrogen phosphate R in waterfor chromatography Rand
dilute to about 175 mL with the same solvent. Filter through
a membrane filter (nominalpore size 0.45 J.1m) and diluteto
1000 mL with waterfor chromasography R.
Test solution Dissolve 0.500 g of the substance to be
examined in the phosphate buffer solution and dilute to
10.0 mL with the phosphate buffer solution.
Reference solution (a) Dissolve 10.0 mg of ascorbic acid
impurity C CRS (impurity C) in the mobile phase and dilute
to 5.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of ascorbic acid
impurityD CRS (impurity D) and 5.0 mg of ascorbic
acid CRS in the mobile phase,add 2.5 mL of reference
solution (a) and dilute to 100.0 mL with the mobile phase.

Reference solution (c) Dilute 1 mL of the test solution to
200 mL with the mobile phase. Mix I mL of this solution
and 1 mL of reference solution (a).
Column:
- size: 1= 0.25 m, 0 = 4.6 rom;
- staUonalY phase: antinopropy/Sllyl "l,ca gelfor

chromatography R (5 urn);
- temperature: 45°C.
Mobile phase Phosphate buffer solution, acetonitrile RJ
(25:75 VIV).

Flowrate 1.0 mUmin.
Detection Spectrophotometer at 210 run.

Injection 20 j.LL of the test solution and reference
solutions (b) and (c).
Run time 2.5 times the retention time of ascorbic acid.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaksdue to
impurities C and D.
Relative retention Withreference to ascorbic acid (retention
time =about II min): impurity D =about 0.4;
impurity C =about 1.7.

System suitability:
- resolution: minimum 3.0 between the peaks due to

ascorbic add and impurity C in the chromatogram
obtainedwith reference solution (c);

- signal-to-noise ratio: minimum 20 for the peakdue to

impurityC in the chromatogram obtained with reference
solution (b).

Limits:
- impun·ties CJ D: for each impurity, not morethan

1.5 times the area of the corresponding peakin the
chromatogram obtained withreference solution (b)
(0.15 per cent);

- unspecified impurities: for each impurity, not more thanthe
area of the peakdue to ascorbic acid in the chromatogram
obtained with reference solution (b) (0.10 per cent);

- sumof imptmues other than C and D: not more than twice
the area of the peakdue to ascorbic acid in the
chromatogram obtainedwith reference solution (b)
(0.2 per cent);

114-03-2198.1

HO~H"'OHo
o

NaD OH

Action and use
Excipient.

C"H,NaO.
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II-908 Sodium Aurothiomalate

- disregard limit: 0.5 times the area of the peak due to

ascorbic acid in the chromatogram obtained with
reference solution (b) (0.05 per cent).

Sulfates (2.4.13)
Maximum 150 ppm.

To 10 mL of solution S add 2 mL of hydrochiotic acidRl and
dilute to 15 mL with distilled waterR.

Copper
Maximum 5 ppm.

Atomic absorption spectrometry (2.2.23, Methad l).

Test solution Dissolve 2.0 g in 0.1 M n;nlc acidand dilute to

25.0 mL with the same acid.
Reference solutions Prepare the reference solutions (0.2 ppm,
0.4 ppm and 0.6 ppm) using copper standard sdution (10 ppm
Gu) R, diluting with O. J M nim'c acid.
Source Copper hollow-cathode lamp.

Wavelength 324.8 urn.
Atomiuuion deoia Air-acetylene flame.

Iron
Maximum 2 ppm.

Atomic absorption speetrometty (2.2.23, Method l).

Test solution Dissolve 5.0 g in 0.1 1\11 nitric add and dilute to
25.0 mL with the same acid.

Reference solutions Prepare the reference solutions (0.2 ppm,
0.4 ppm and 0.6 ppm) using iron standard sdution (20 ppm
Fe) R, diluting with 0.1 M nitric acid.
Source Ironhollow-cathode lamp.
Wavelength 248.3 urn.
Atomisation device Air-acetylene flame.

Loss on drying (2.2.32)
Maximum 0.25 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

2022

HX1,H

HOJ i\OH °
HO

C. L-xylo-hex-2-ulosonic acid (r-sorbosonic acid),

rsco OCH,
H OH

H .

HO···· \ Hi OH 0

HO

D. methyl L-xylo-hex-2-u1osonate (methyl t-sorbosonate),

E. oxalic acid,

~;O,HO yo
HO OH

F. (5R)-5-[(IR)-1,2-dihydsoxyethylj-3,4-dihydroxyfuran-2
(511)-one,

G. (R)-[(2R)-3,4-<1ihydroxy-5-oxo-2,5-dihydsofuran-2-yl]
hydroxyacetic acid,

ASSAY
Dissolve 80 mg in a mixture of 10 mL of duule su/furU; acidR
and 80 mL of carbon dioxide-free waterR. Add I mL of starch
solution R. Titrate with 0.05 iU iodine until a persistent violet­
blue colour is obtained.
1 mL of 0.05 M iodine is equivalent to 9.91 mg of
C.H,NaO•.

STORAGE
In a non-metallic container, protected from light.

IMPURITIES
Specified impurities C, D, E.

Otherdetectable impurities (the fol/mQing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or I>y the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impuniies for
demonstration of compliance; See also 5.10. Control of impurities
in substances forpharmaceutical use) A, F, GJ H.

,
?

1:<
0

H
.OH

H3CO ~. ° 0

HO OH

H. methyl (R)-[(2R)-3,4-dihydroxy-5-oxo-2,5-dihydrofuran­
2-yljhydsoxyacetate.

___________________ PhEII

Sodium Aurothiomalate
(ph. Eur. monograph 1994)

Action and use
Used in the treatment of rheumatoid arthritis.

Preparation
Sodium Aurothiomalate Injection

((OyCHO

U

A. furan-2-carbaldehyde,

PhEII _

DEFINITION
Mixture of monosodium and disodium salts of (2RSJ-2- .
(aurosulfanyl)butanedioic acid.

Content
- gold(Au; A, 197.0): 44.5 per cent to 46.0 per cent (dtied

substance);
- sodium (Na; Ar 22.99): 10.8 per cent to 11.8 per cent

(dtied substance).
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CHARACfERS
Appearance
Fine, pale yellow, hygroscopic powder.

Solubility
Very soluble in water, practically insoluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
A. Dissolve 20 mg in waterR and dilute to 2 mL with the
same solvent. Add 2 mL of strong hydrogen peroxide solution R
and I mL of sodium hydroxide solution R. Carefully heat to
boiling and boil for 30 s. A precipitate is produced that
appears brownish-black by reflected light and bluish-green by
transmitted light.

B. To 20 mg add 2 mL of waterR. The solution gives
reaction (a) of sodium (2.3.1).

C. Ignite 100 mg, dissolve the residue in hydrochloric acidR
and dilute to 10 mL with the same acid. Allow to stand.
S mL of the clear supernatant gives reaction (a) of sulfates
(2.3.1).

TESTS
Appearance of solution
Dissolve 1.0 g in water R and dilute to 10 mL with the same
solvent. Filter, seal in an ampoule and heat at lOa °C for
1 h. Cool and dilute the contents of the ampoule to 100 mL
with waterR. The solution remains clear and is not more
intensely coloured than a 0.100 gIL solution ofpotassium
fenicyonide R.

pH (2.2.3)
6.0 to 7.0.

Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test so/ution Dissolve 0.200 g of the substance to be
examined in waterR and dilute to 100.0 mL with the same
solvent.

Reference solution (a) Dissolve 10.0 mg ofjumaric acidR
and 100.0 mg of thiomalic acidR in water R and dilute to
100.0 rnL with the same solvent. Dilute 1.0 rnL of this
solution to 25.0 mL with walel'R.

Reference solution (b) Dissolve 12.0 mg of thiomalic acidR in
waterR and dilute to 100.0 mL with the same solvent.

Reference so/mien (c) Dissolve 10.0 mg of maleic acidR in
waterR and dilute to 100.0 mL with the same solvent. Dilute
1.0 mL of this solution to 25.0 mL with waterR.

Column:
- size: 1;;;; 0.25 m, 0 =4.6 mm;
- stationary phase: base-deaaioaud end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase Mix 90 volumes of a 10.5 gIL solution of
phosphotic acidR, 100 volumes of methanol R2 and
810 volumes of waterR.

Flew rate 1.0 mUmin.

Detection Spectrophotometer at 205 om.

Injection I0 ~L.

Run lime Twice the retention time of impurity C.

Relativeretention With reference to impurity C (retention
time ;;;; about 8 min): impurity A ;;;; about 0.4;
impurity B =about 0.6. Aurothiomalate does not elute under
the chromatographic conditions described.

Sodium Aurothiomalate II-909

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurities Band C.

Limits:
- impun'ty A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (c)
(0.2 per cent);

- impun'ty B: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- impun'ty C: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(6.0 per cent).

Glycerol
Maximum 8.0 per cent.

Test solution Dissolve 0.50 g of the substance to be
examined in waterR and dilute to 10 mL with the same
solvent.

Reference solution (a) Dilute 0.80 g of glycerol R to
100.0 mL with warer R.

Reference solution (b) To 2.5 mL of reference solution (a)
add 7.5 rnL of waterR.
Reference solution (c) To 5.0 mL of reference solution (a)
add 5.0 mL of waterR.

Reference solution (d) To 7.5 mL of reference solution (a)
add 2.5 mL of waterR.
Blank sohuion 10 mL of waterR.
To the test solution, reference solutions (b), (c) and (d) and
the blank solution, add 2.5 rnL of a freshly prepared 235 lifL
solution of sodium hydroxide R and mix. Add dropwise in
0.2 mL increments a 38.0 gIL solution of cupric chloride R,
shaking vigorously after each addition, until the solutions
become slightly turbid. Then add 0.2 rnL of the 38.0 g/L
solution of cupric chloride R. Stopper and shake vigorously for
I min. Dilute to 25.0 mL with waterR and mix. Centrifuge
for 2 min. Measure the absorbance (2.2.25) of the
supernatant solution of a 1 em layer at 635 om. Use the
solution prepared from the blank solution as the
compensation liquid. Draw a calibration curve and calculate
the content ofglycerol in the sample.

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
a desiccator at a pressure not exceeding 0.7 kPa for 24 h.

ASSAY
Gold
Heat 0.2 g with 10 mL of sulfuni; acid R and continue to boil
gently until a clear, pale yellow liquid is produced. Cool, add
about 1 mL of nitric acidR dropwise and boil for I h. Cool,
dilute to 70 mL with water R, boil for 5 min and filter. Wash
the residue of gold with waterR at 60°C. Dry and ignite at a
temperature of at least 600 °C for 3 h. Weigh the residue
and calculate"the percentage content of Au.

Sodium
Evaporate to dryness the filtrate and washings obtained in the
assay for gold, moisten with sulfim'c acidR and ignite at
600 ± 50°C for 3 h.

1.000 g of residue is equivalent to 0.324 g of Na.

STORAGE
In an airtight container.

L\1PURITIES
Specified impurities A J B, C.
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!'hE" _

A. (Z)-butenedioic acid (maleic acid),

Halogenated compounds
Maximum 200 ppm for ionised chlorine and maximum
300 ppm fortotal chlorine.
AUglassware usedmusl bechloride-free and may beprepared fry
soaking overnight in a 500 gILsolution of niuic acid R, rinsed
with water R and stored fullof water R. It is recommended that
glassware be reserved exclusively for this test.

Test solution To 20.0 mL of solution S add 5 mL of waterR
and dilute to 50.0 mL with ethanol (96 per cen!! R.
Detennination of ionised chlorine
In three 25 mL volumetric flasks, prepare the following
solutions.
Solurion (a) To 4.0 mL of the test solution add 3 mL of
dilute sodium hydroxide solution Rand 3 mL of ethanol
(96 per cent) R. This solutionis used to prepare solution A.
Solution (b) To 3 mL of dilute sodium hydroxitk solution R
add 2 mL of waterRand 5 mL of ethanol (96 per cen!! R.
This solution is used to prepare solution B.

Sduuon (c) To 4.0 mL of chloride standard solution
(8 ppmCI) R add 6.0 mL of waterR. This solution is used to
prepare solution C.

In a fourth 25 mL volumetric flask, place 10 mL of waterR.
To each /lask add 5 mL offeme ammonium sulfate
solution R5, mix and add dropwise and with swirling 2 mL of
nitn·, acidRand 5 mL of mercuric thiocyanate soluu·on R.
Shake. Dilute the contentsof each flask to 25.0 mL with
water R and allow the solutions to stand in a water-bath at
20°C for 15min. Measure at 460 nm in a 2 em cell the
absorbance (2.2.25) of solutionA using solutionB as the
compensation liquid, and the absorbance of solution C using
the solution obtainedwith 10 mL of waler R as the
compensation liquid. The absorbance of solution A is not
greater than that of solution C.

Determination of IOtal chlorine
Solutwn (a) To 10.0 mL of the test solution add 7.5 mL of
dilute sodium hydroxitk solution Rand 0.125 g of nieke/­
aluminium alloyR and heat on a water-bath for 10 min.
Allow to cool to room temperature, filter into a 25 mL
volumetric flask and washthe filter with 3 quantities, each of
2 mL, of ethanol (96 percen!! R (a slight precipitate may
form that disappears on acidification). Dilute the filtrate and
washings to 25.0 mL with water R. This solutionis used to

.prepare solutionA.

Solution (b) In the same manner, prepare a similar solution
replacing the test solution by a mixture of 5 mL of ethanol
(96 percen!! Rand 5 mL of waterR. This solution is used to
prepare solution B.
Solution (c) To 6.0 mL of chloride standard solution
(8 ppm CD R add 4.0 mL of water R. This solution is used to
prepare solution C.

In four 25 mL volumetric flasks, place separately 10 mL of
solution (a), 10 IiJL of solution (b), 10 mL of solution (c)
and 10 mL of waterR. To each /lask add 5 mL offem'c
ammonium sulfate solution R5, mix and add dropwise and with
swirling 2 mL of nitric add Rand 5 mL of mercuric
thiocyanate solution R. Shake. Dilure the contentsof each flask
to 25.0 mL with waterR and allow the solutions to stand in
a water-bath at 20°C for 15 min. Measure at 460 run in a
2 em cell the absorbance (2.2.25) of solution A using
solution B as the compensation liquid, and the absorbance of
solution C using the solution obtainedwith 10 mL of waterR
as the compensation liquid. The absorbance of solution A is
not greater than that of solution C.

**** ** *
*****

532-32-1144.1

(ph. Bur. monograph 0123)

Sodium Benzoate

~C02H
HOze .r.. andenantiomer

H SH

Action and use
Excipient; treatment of hyperamrnonaemiadue to urea cycle
disorders; treatment of non-ketotic hyperglycinaemia.

Preparations
Sodium Benzoate Oral Solution
Sodium Benzoate SterileConcentrate

__________________~!'hE"

C. (2RS)-2-sulfanylbutanedioic acid (thiomalic acid).

B. (E)-butenedioic acid (fumaric acid),

DEFINmON
Sodium benzenecarboxylate.

Content
99.0 per cent to 100.5 per cent (dried substance).

.CHARACTERS
Appearance
White or almostwhite, crystalline or granular powderor
flakes, slightly hygroscopic.

Solubility
Freely soluble in water, sparingly soluble inethanol
(90 per cent VIV).

IDENTIFICATION
A. It gives reactions (b) and (c) of benzoates (2.3.1).

B. It gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R and dilute to
100 mL with the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
than reference solutionY6 (2.2.2, lWethod II).

Acidity or alkalinity
To 10 mL of solution S add 10 mL of carbon dioxide-free
waterRand 0.2 mL of phenolphthalein solution R. Not more
than 0.2 mL of 0.1 M sodium hydroxide or 0.1 M hydrochloric
acid is required lO change the colour of the indicator.
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______________~ PhE"

Loss on drying (2.2.32)
Maximum 2.0 per cent) determined on 1.00 g by drying in
an oven at 105°C.

ASSAY
Dissolve 0.250 g in 20 mL of anhydrous acetic acid RJ heating
to 50"C if necessary. Cool. Using 0.05 mL of
naphtholbenzein solution R as indicator, titrate with 0.1 1\-1
perchloIU aciduntil a green colour is obtained.
1 mL of 0.1 M perchwrU acid is equivalent to 14.41 mg
of C,H,NaO,.

Sulfates (2.4.13)
Maximum 150 ppm.

To a suspension of 1.0 g in 10 mL of distilled waterR add
hydrochloric acid R until neutral and about 1 mL inexcess.
Dilute to 15 mL with distilled waterR.

Ammonium (2.4.1)
Maximum 20 ppm.

Dilute 10 mL of solution S to 15 mL withwaterR. Prepare
the standard using a mixture of 5 mL of water Rand 10 mL
of ammonium standardsolution (1 ppm NH,v R.

Calcium (2.4.3)
Maximum 100 ppm.

To a suspensionof 1.0 g in 10 mL of distiUed waterR add
hydrochloric acid R until neutral and dilute to 15 mL with
distilled waterR.

Iron (2.4.9)
Maximum 20 ppm.
Dissolve 0.5 gin 5 mL of dilute hydrochloric acidR and dilute
to 10 mL with waterR.144-55-8

Sodium Bicarbonate
(Sodium Hydrogen Carbonate, Ph. Eur. monograph
0195)

NaHCO, 84.0

Action and use
Antacid; used in treatment of electrolyte deficiency.

Preparations
Sodium Bicarbonate Ear Drops
Sodium Bicarbonate Eye Lotion
Sodium Bicarbonate Infusion

Sodium Bicarbonate Oral Solution

Compound Sodium Bicarbonate Tablets

ASSAY
Dissolve 0.750 g in 50 mL of carbon dioxide-free water R.
Titratewith 1 M hydrochlork acid, determining the end-point
potentiometrically (2.2.20]. Read the volume added at the
2nd point of inflection, or at the point of inflection if only
I point is detected.
I mL of 1 M bydrochlotic acidis equivalent to 84.0 mg
of NaHCO,.
___________________ PhE"

PhE" _

PhE" _

DEFINITION
Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, granular powderor small, colourless,
transparent or opaque crystals, slightly hygroscopic.

Solubility
Freelysoluble in water, soluble in ethanol (96 per cent).

IDENTIFICATION
A. It gives reaction (a) of bromides (2.3.1).

B. Solution S (see Tests} gives reaction <a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR and dilute to

100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method If).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of bromothymol blue
solution Rl. Not more than 0.5 mL of 0.01 M hydrochlori<
acid or 0.01 AI sodium hydroxide is required to change the
colour of the indicator.

DEFINTIlON
Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
White or almost white) crystalline powder.

Solubility
Solublein water, practically insoluble in ethanol
(96 per cent).

When heated in the drystate or in solution, it gradually
changes into sodium carbonate.

IDENTIFICATION
A. To 5 mL of solution S (see Tests) add 0.1 mL of
phenolphthalein solulion R. A pale pink colour is produced.
Heat; gas is evolved and the solution becomes red.
B. It gives the reaction of carbonates and bicarbonates
(2.3.1).

C. Solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in 90 mL of carbon dioxide-free waterRand
dilute to 100.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2, I) and colourless (2.2.2, Metlwd If).

Carbonates
The pH (2.2.3) of freshly prepared solution S is not greater
than 8.6.

Chlorides (2.4.4)
Maximum 150 ppm.
To 7 mL of solution S add 2 mLof nitric acid R and dilute
to 15 mL with waterR.

Sodium Bromide
(Ph. Bur. monograph 0190)

NaBr 102.9

**** ** ** ****
7647-15-6
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a-2.902b

_____________________ P/tE<I

STORAGE
In an airtight container.

a percentage contentof NaBrand NaCIobtained in the assayand
calculated as NaBri

b percentage contentof CI obtained in me test forchlorides.

36457-20-2216.2

~COOBun

ONa~

CIIH,,NaO,

Action and use
Antimicrobial preservative.

DEFINlTION
Sodium ButylHydroxybenzoate is the sodium salt of butyl
4-hydroxybenzoate. It contains not less than 99.0% and not
more than 102.0% OfCllH13Na03, calculated with reference
to the anhydrous substance.

CHARACTERISTICS
A white powder; hygroscopic.
Freely soluble in waterand in ethanol (96%).

IDENTIFICATION
A. Dissolve 0.5 g in 5 mL of waur and acidify to litmus paper
with hydrochlori< aeid. A white precipitate is produced. Wash
the precipitate withwaterand dry. The infrared absorption
spearum of the precipitate, Appendix II A, is concordant with
the reference spectrum of butyl hydroxybenzoate (RS 036).
B. The residue on ignition yields the reactions characteristic
of sodium salts, Appendix VI.

TESTS
Alkalinlty
pH of a 0.1 % wlv solution, 9.5 to 10.5, Appendix V L.

Clarity of solution
Dissolve 1.0 g in J0 mL of water. The solutionis clear,
Appendix N A.

Magnesium and alkaline-earth metals (2.4.7)
Maximum 200 ppm, calculated as Ca.
10.0 g complieswith the test for magnesium and alkaline­
earth metals. The volumeof 0.01 kl sodium edetate used does
not exceed 5.0 roL.
Loss on drying (2.2.32)
Maximwn 3.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 3 h.

Sodium Butyl Hydroxybenzoate
Sodium Butylparaben

ASSAY
Dissolve 85.0 mg in waUrR, add 5 mL of dihue nitn·c acidR
and dilute to 50 mL withwaterR. Titrate with 0.1 M silver
nimue, determining the end-pointpotentiometrically (2.2.20).

1 mL of 0.1 M silvernitrate is equivalent to 10.29 mg of
NaBr.

Calculate the percentage content of NaBrusing the following
expression:

Bromates
To 10 mL of solution S add 1 mL of starch solution R,
0.1 mL of a 100 gIL solution of potassium iodide Rand
0.25 mL of 0.5 wI sulfu,u acid and allow to stand protected
from lightfor 5 min. No blue or violet colourdevelops.

Chlorides and sulfates
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 0.400 g of the substance to he
examined in 50 mL of waterfor chromatography R and dilute
to 100.0 mL with the same solvent.
Test solurian (b) Dilute 25.0 mL of test solution (a) to
50.0 mL with waterfor chromatography R.
Reference solurian (a) To 25.0 mL of test solution (a) add
1.0 mL of sulfa/< standard solution (10 ppm SO,) Rand
12.0 mL of chloride standard solution (50 ppm CO R and dilute
to 50.0 mL with waterfor chromatography R.
Reference solurian (b) Dilute 10 mL of test solution (a) to
100 mL with waterfor chromatography R. To 2 mL of this
solution add 8 mL of chloride standard solution (50 ppm CO R
and dilute to 20 mL with waterfor chromatography R.
Blank solution waterfor chromatography R.

Column:
- size: 1= 0.25 ill, 0 ::::: 2 mm;
- stationary phase: strongly basic anion-exchange resin for

chromatography R2 (13 urn).

Mobae phase Dissolve 0.600 g of potassium hydroxide R in
water for chromatography R and dilute to 1000 mL with the
same solvent.
Flow rate 0.4 mUmin.
Detection Conductivity detector equipped with a suitable ion
suppressor.

Injection 50 IJI. of test solution (b), reference solutions (a)
and (h) and the blank solution.

Run time 2.5 times me retention time of bromide.
Retention time Chloride > about 5 min; bromide « about
8 min; sulfate e about 16 min.
System suitability Reference solution (h):
- resolution: minimwn 8.0 between the peaks due to

chloride and bromide.
Calculation of percentage ctmltnts:
- for chlorides, use the concentration of chloride in

reference solution (a); correct the area of the peakdue to
chloride in the chromatogram obtained withreference
solution (a) by subtracting the area of the peakdue to
chloride in the chromatogram obtained with test
solution (b);

- for sulfates, use the concentration of sulfate in reference
solution (a); correct the area of the peakdue to sulfate in
the chromatogram obtainedwith reference solution (a) by
subtracting the area of the peak due to sulfate in the
chromatogram obtainedwith test solution (b).

Limits:
- chlorides: maximum 0.6 per cent,
- sulfates: maximum 0.01 per cent.

Iodides
To 5 mL of solution S add 0.15 mL offmic chloride
sohuion RJ and 2 mL of methylene chloride R. Shake and allow
to separate. The lower layer is colourless (2.2.2, i.Herhod l).

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.
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Phfir _

DEFINITION
Disodiwn [(ethylenedinitrilo)tetraacetato]calciate(2-).

Content
98.0 per cent to 102.0 per cent (anhydrous substance).
It contains a variable quantity of water of crystallisation.

CHARACfERS
Appearance
White or almost white, hygroscopic powder.

Solubility
Freelysoluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
Pim identification: A, C~ D.
Second idendficaiion: B~ C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison sodium calcium edetate CRS.
B. Dissolve 2 g in 10 mL of wattr R, add 6 mL of lead nitrate
solution R, shakeand add 3 mL of potassium iodide solution R.
No yellowprecipitate is formed, Makealkaline to redlitmus
paper R by the addition of dilute ammonia R2 and add 3 mL
of ammonium oxalate solution R. A whiteprecipitate is formed.
C. Ignite. The residue gives reaction (b) of calcium (2.3.1).

D. Dissolve 0.5 gin 10 mL of waterR and add 10 mL of
potassium pyroamimonote solution R. A white, crystalline
precipitate is formed. The formation of the precipitate is
accelerated by rubbing the wall of the tube with a glass rod.

TESTS
Solution S
Dissolve 5.0 g in water R and dilute to 100 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method If).

pH (2.2.3)
6.5 to 8.0.

Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

Impurity A
Liquid chromatography (2.2.29). Cany out the testprotected
from light.
Solvent mixture Dissolve 10.0 g ofJen'ic sulfate
pentahydnue R in 20 mL of 0.5 M sulfuric acidand add

Chloride
Dissolve 1.0 g in 100 mL of water, add 1 mL of mine acid
end filter. 15 mL of.the filtrate complies with the limj~ test/or
chlorides, Appendix vn (330 ppm).

Sulfate
Dissolve 0.50 g in 40 mL of water, add 3.5 mL of
2M hydrochloric acid, dilute to 60 mL with water and filter.
15 mL of the filtrate complies with the limit test for sulfates,
Appendix vn (0.12%).

Related substances
Carry out the method for thin-layer chromorography,
Appendix ill A, using the following solutions.
(1) Dilute a 2.0% wlv solution of the substance being
examined in water with an equal volume of acetone.
(2) Dilute I volume of solution (I) to 25 volwnes with a
mixture of equal volumes of acetone and water.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silicagel FZ'H the surface of which has
been modified with chemically-bonded oetadecylsilyJ groups
(Whatman KC18F plates are suitable).

(b) Use the mobile phase as descrihed below.

(c) Apply 2 ~L of each solution.

(d) Develop the plate to 15 em.

(e) After removal of the plate, dry in air and examine under
ultraviole< light (254 nm).

MOBILE PHASE

1 volumeof glacialacetic acid, 30 volumes of waur and
70 volumes of methanol.

LIMITS

Any secondary spot in the chromatogram obtained with
solution (I) is not more intense than the spot let the
chromatogram obtainedwith solution (2).

Water
Not more than 5.0% w/w, Appendix IX C. Use 1 g.

ASSAY
Gentlyboil 0.1 g under a reflux condenser with 25 mL of
1.25Msodium hydroxide for 30 minutes. Allow to cool, add
25 mL of o. 0333,\/ potassium bromate VS, 5 mL of a
12.5% wlv solution ofpotassium bromide and 10 mL of
hydrochloric acid and immediately stopper the flask. Shake for
15 minutes and allow to stand for 15 minutes. Add 25 mL of
dilutepotassium iodide solution and shakevigorously. Titrate
the liberated iodine with 0.1Msodium thiosulfate VS using
starch mucilage, added towards the end of the titration, as
indicator. Repeat the operation without the substance being
examined. The difference between the titrations represents
the amount of potassium bromate required. The volumeof
O.0333M potassium bromate VS used is equivalent (Q halfof
the volwne of 0.1'\/ sodium thiosulfate VS required for the
titration. Each mL of O.0333M potassium bro-mate VS is
equivalent to 7.207 mg ofCnHnNaO.3'

Sodium Calcium Edetate
(Ph. Eur. monograph 0231)

CIOHI2CaN2Na20",xH20 374.3
(anhydrous substance)

Action and use
Chelating agent.

Preparation
Sodium CalciumEdetate Infusion

62-33-9
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A. nitrilotriacetic acid.

PhE" _

1984-06-1166.2

Sodium Octanoate

(Ph. Eur. monograph 1471)

Action and use
Excipient.

DEFINITION
Sodium octanoate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very soluble or freely soluble in water, freely soluble in acetic
acid, sparingly soluble in ethanol (96 per cent), practically
insoluble in acetone.

Sodium Caprylate

____________________ PhE"

Waler (2.5.12)
5.0 per cent to 13.0 per cent, determined on 0.200 g.

ASSAY
Dissolve 0.500 g in waterR and dilute to 200 mL with the
same solvent. To 20.0 mL of this solution, add 80 mL of
waterR and adjust to pH 2 with dilute nitric acidR. Tin-ate
with 0.01 Atl bismuth nitrate, using 0.1 mL of a 1 gIL solution
of xylmol orange R as indicator. The colour of the solution
changes from yellow to red.

I mL of 0.01 iW bismuth nitrate is equivalent to 3.74 mg
of ClOHllCaNzNazOs.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A.

IDENTIFICAT~ON

A. Examine the chromatograms obtained in the test for
related substances.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).

B. To 0.2 mL of solution S (see Tests) add 0.3 mL of
walerR. The solution gives reaction (b) of sodium (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

780 mL of waterR. Adjust to pH 2.0 with l1H sodium
hydroxide and dilute to 1000 mL with water R.
Testsoluricn Dissolve 0.100 g of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.

Reference solution Dissolve 40.0 mg of mnilotriacaic acidR
(impurity A) in the solvent mixture and dilute (Q 100.0 mL
with the solvent mixture. To 1.0 mL of this solution add
0.1 mL of the lest solution and dilute 10 100.0 mL with the
solvent mixture.
Column:
- size: / = 0.10 m, 0 = 4.6 mm;
- stationary phase: spherical graphitised carbon for

chromaUJgraphy RJ (5 tJm) with a specific surface area of
120 m2/g and a pore size of 25 om.

Mobile phase Dissolve 50.0 mg of jerrie su/fa", pemahydrate R
in 50 mL of 0.5 M su/furic acidand add 150 mL of walerR;
adjust 10 pH 1.5 with 0.5 ,\of su/fun< acidor I M sodium
hydroxide, add 20 mL of ethylene glycol R and dilute ro
1000 mL with walerR.

Flow rate 1 mlJrnin.

Dueaion Spectrophotometer at 273 run.
Injection 20 J.IL; filter the solutions and inject immediately.

Run rime 4 times the retention time of the iron complex of
impurity A.

Retention time Iron complex of impurity A = about 5 min;
iron complex of edetic acid = about 10 min.

System suitability Reference solution:
- resolution: minimum 7 between the peaks due to the iron

complex of impurity A and the iron complex of edetic
acid;

- signal-lO-noise ratio: minimum 50 for the peak due to
impurity A.

Limir.
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with the reference
solution (0.1 per cent).

Dlsodium edetate
Maximum 1.0 per cent.

Dissolve 5.0 g in 250 mL of waterR. Add 10 mL of
ammonium chloride buffer solution pH 10.0 R and about 50 mg
of mordant black11 triturate R. Not more than 1.5 mL of
0.1 M magnesium chloride is required to change the colour
of the indicator to violet.

Chlorides
Maximum 0.1 per cent.

Dissolve 0.7 g in water R and dilute to 20 rnL with the same
solvent. Add 30 mL of dr7ute niuic acidR, allow to stand for
30 min and filler. Dilute 10 mL of the filtrate to 50 mL with
waterR. Use this solution as the test solution. Prepare the
referencesolution using 0.40 mL of 0.01 M hydrochloric acid,
add 6 mL of dilute nitric acidR and dilute to 50 mL with
waterR. Filter both solutions if necessary. Add I mL of silver
nitrate solution R2 to the test solution and to the reference
solution and mix. After standing for 5 min protected from
light, any opalescence in the test solution is not more intense
than that in the reference solution.

Iron (2.4.9)
Maximum 80 ppm.

Dilute 2.5 mL of solution S to 10 mL with waler R.
Add 0.25 g of calcium chloride R to the lest solution and the
standard before the addition of the thioglyco"~ acid R.
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2022 Sodium Carbonate II-915

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Metlwd ll).

pH (2.2.3)
8.0 to 10.5 for solution S.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Testsdution Dissolve 0.116 g in water R and dilute to 5 mL
with the same solvent. Add 1 mL of a 2.8 per cent VIV
solution of mllim' acid R and shake with 10 mL of ethyl
aaUlte R. Separate the organic layerand dryover anhydrous
sodium sulfate R.
Reference solution (a) Dissolve 0.10 g of caprylic acidCRS in
ethylacetate R and dilute to 10 mL with me same solvent.

Reference solution (b) Dilute 1 mL of the test solution to
100 mL with ethylaceUlte R. Dilute 5 mL of this solution to
50 mL with elhyl ace,ate R.

Column:
- matenai: fused silica;
- size: 1= 30 m, 0 = 0.25 mm;
- stationary phase: macrogol 20 000 2-nitrorerephthalate R (film

thickness 0.25 1'J1l).
Carrier gas heh'um for chromatography R.

Flow rate 1.5 mUmin.
Split ratio 1:100.
Temperaiure:

H3C~C02H

C. nonanoic acid,

D. decanoic acid,

H3C~C~H

H3C..../

E. 2-propylpentanoic acid (valproic acid),

F. methyl octanoate,

G. ethyl octanoate,

H. methyl decanoare,

Column

Injection pun

Detector

Tbn.
(min)

0- 1

1 - 25
25 _ 35

Temperature
('C)

100

100 ....... 220

220

250

250

o

H3C~CH3

I. undecan-z-one,

andenantiomer

_____________________ PhE<I

PhE« _

J. (RS)-5-butyltetrahydrofuran-2-one (j-hydroxyoctanoic
acid lactone).

**** ** ** ****

497-19-8

Sodium Carbonate
Anhydrous Sodium Carbonate
(Ph. Eur. monograph 0773)

N.,CO, 106.0

DEFINITION
Content
99.5 per cenr to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, slightly granular powder, hygroscopic.

Soluhility
Freely soluble inwater,practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Dissolve 1 g in waterR and dilute to 10 mL with the
same solvent. The solution is strongly alkaline (2.2.4).
B. The solution prepared for identification test A gives the
reaction of carbonates (2.3.1).

A. hexanoic acid,

~Co,H
H,C

Detection Flame ionisation.
Injection I J.1L.
System suitability Reference solution (b):
- signai-to-noise ratio: minimum 5 for the principal peak.
Limits:
- any impurity: for each impurity, maximum 0.3 per cent;
- total: maximum 0.5 per cent;
- disregard limit: 0.5 times the area of the principal peak in

the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 3.0 per cent, determined on 1.000 g.

ASSAY
Dissolve 0.150 g in 50 mL of anhydrous acetic addR. Titrate
with 0.11"1 perchloric acid, determining the end-point
potentiometrically (2.2.21}).
1 mL of 0.1 M perchloric acid is equivalent to 16.62 mg
of CsHI5Na02'

LW'URITIES

B. heptanoic acid,
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II-916 Sodium Carbonate 2022

C. The solution prepared for identification test A gives
reaction (a) of sodium (2.3.1).

D. Loss on drying (see Tests).

TESTS
Solution S
Dissolve 2.0 g in portions in a mixture of 5 mL of
hydrrxhlori<. acid Rand 25 mL of distilled walerR. Heat to
boiling and cool. Add dihne sodium hydroxide solutian R until
the solution is neutraland dilute to 50 mL wil:h distilled
waterR.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, iHetlwdl).

Dissolve 2.0 g in 10 mL of waterR.

Alkali hydroxides and bicarbonates
Dissolve 0.4 g in 20 mL of walerR. Add 20 mL of barium
chloridesolutian Rl and filter. To 10 mL of the filtrate add
0.1 mL of phenolphthalein solution R. The solution does not
become red. Boil the remainder of the filtrate for 2 min.
The solution remains clear (2.2.1).

Chlorides (2.4.4)
Maximum 125 ppm.
Dissolve 0.4 g in waterR) add 4 mL of dilute nitric acidRand
dilute to 15 mL with water R.
Sulfates (2.4.13)
Maximum 250 ppm, determined on solution S.

Iron (2.4.9)
Maximum 50 ppm.
Dilute 5 mL of solution S [0 10 mL with water R.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 300 ± 15 DC.

ASSAY
Dissolve 0.400 g in 50 mL of carbon dioxide-free waterR.
Titrate with 1 M hydrochloric acid, determining the end-point
potentiometrically (2.2.20). Read the volume added at the
2nd point of inflection.
I mL of 1 M hydrochloric acid is equivalent to 52.99 mg
of Na2C03'

STORAGE
In an·airtight container.
____________________ PhEur

IDENTIFICATION
A. Dissolve 1 g in water R and dilute (Q 10 mL with the
same solvent. The solution is stronglyalkaline (2.2.4).

B. The solution prepared for identification test A gives the
reaction of carbonates (2.3.1).

C. The solution prepared for identification test A gives
reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in portions in a mixture of 5 mL of
hydrochloric acidRand 25 mL of distilled waterR. Heat the
solution to boiling and cool. Add dilute sodium hydroxide
solution R until the solution is neutral and dilute to 50 mL
with distilled waterR.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, fltlethod l).

Dissolve 4.0 g in 10 mL of waterR.

Alkali hydroxides and bicarbonates
Dissolve 1.0 g in 20 mL of water R, add 20 mL of barium
chloride solutian Rt and filter. To 10 mL of the filtrate add
0.1 mL of pherw/phthaJein solution R. The solution does not
become red. Heat the remainder of the filtrate to boiling for
2 min. The solution remains clear (2.2.1).

Chlorides (2.4.4)
Maximum 50 ppm.

Dissolve 1.0 g in water RJ add 4 mL of dilute nitric acid Rand
dilute to 15 mL with waterR.

Sulfates (2.4.13)
Maximwn 100 ppm, determined on solution S.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with waur R.

ASSAY
Dissolve 1.000 g in 50 mL of carbon dwxide-free waterR.
Titratewith 1 JW hydrochloric acid, determining the end-point
potentiometrically (2.2.20). Read the volume added at the
2nd point of inflection.
I mL of 1 M hydrrxhkJri< acid is equivalenr to 52.99 mg
of Na2C03'

STORAGE
In an airtight container.
____________________ PhEur

PhE" ~

DEFINITION
Content
36.7 per cent to 40.0 per cent of Na2C03'

CHARACTERS
Appearance
White or almost white] crystalline powder or colourless,
transparent crystals, efflorescent.

Solubility
Freely soluble in water, practically insolublein ethanol
(96 per cent).

PhE" _

DEFINITION
Content
83.0 per cent to 87.5 per cent ofNa2C03.

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Freely soluble in water, practically insolublein ethanol
(96 per cent).

**** ** ** ****
5968-11-6

(ph. Bur. monograph 0192)

Na2CO"H20 124.0

Sodium Carbonate Monohydrate

6132·02-1

Sodium Carbonate Decahydrate
(Ph. Bur. monograph 0191)

Na2C03,IOH20 286.1
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2022 Sodium Cetostearyl Sulfate II-917

____________________ PIIE"

PIlE" _

DEFINITION
Mixture of sodium cetyl sulfate (sodium hexadecyl sulfate,
CIJf3~a04Si Air 344.5) and sodiumstearyl sulfate
(sodiumoctadecyl sulfate,C1SH37NaO"S; AIr 372.5).
A suitable buffer may be added.

Content
- sodium cetosteary! sulfate: minimum 90.0 per cent

(anhydrous substance);

ASSAY
Dissolve 0.500 g in 50 mL of carbon dioxide-free waterR.
Titrate with I M hydrochloric acid, determining the end-point
potentiomelrically (2.2.211). Read the volume added at the
2nd point of inflection.
I mL of 1 M hydro<hlori< acid is equivalent to 52.99 mg
of Na2CO,.

STORAGE
In an airtight container.

- sodium cetyl sulfate: minimum 40.0 per cent (anhydrous
substance).

CHARACTERS
Appearance
\Vhite or pale yellow, amorphous or crystalline powder.

Solubility
Soluble in hot watergiving an opalescent solution] practically
insoluble in cold water, partly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: BJ DJ F.
Second identification: AJ GJ D, EJ F.
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 50 mg of the substance to be
examined in 10 mL of ethanol (70 per cent VIJ.? R, heating on
awater-bath.
Reference solution Dissolve SO mg of sodium cetostearyl
sulfate CRS in 10 mL of ethanol (70 per cent VIIQ R, heating
on a water-bam.
Plate TLC octadecylsilyl silica gelFZ54 plate R.
J\1obiJe phase water R, acetone R, methanol R
(20:40:40 VIVIV).

Application 10 ~L.

Development Over 2/3 of the plate.
Drying In air.
Detection Spray with a 50 gIL solution of phosphomolybdic
acid R in ethanol (96 per cem) R; heat at 120 'C until spots
appear (about 5 min).

Results The principal spots in the chromatogram obtained
with me test solution aresimilar in positionand colour to the
principal spots in the chromatogram obtained with me
reference solution.
B. Examine the chromatograms obtained in the assay.
Results The 2 principal peaks in the chromatogram obtained
with test solution (b) aresimilar in retention time to the
2 principal peaks in the chromatograms obtained with
reference solutions (a) and (b).

C. Dissolve 0.1 gin 10 mL of waterR and shake. A foam is
formed.
D. It gives a yellow colour to a non-luminous flame.
E. To 0.1 mL of the solution prepared for identification
test C add 0.1 mL of a I gIL solution of methylene blue Rand
2 mL of d,7ute sulfuric acid R. Add 2 mL of methylene
chloride R and shake.The methylene chloride layer has an
intenseblue colour.
F. Mix about 10 mg with 10 mL of anhydrous ethonol R.
Heat to boiling on a water-bath, shaking frequently. Filter
immediately and evaporate to dryness. Dissolve the residue in
7 mL of waterR, add 3 mL of dilute hydrochlori< acidRand
evaporate the solution to half its volume. Allow to cool.
Filter. To the filtrate add 1 mL of barium chloride solu'ion RI.
A white, crystalline precipitate is formed.

TESTS
Acidity or alkalinity
Dissolve 0.5 g with heating in a mixture of 10 mL of waterR
and 15 mL of ethanol (90 per cen' VII') R. Add 0.1 mL of
phenolphthalein solution R1. The solution is colourless.
Add 0.1 mL of 0.1 M sodium hydroxide. The solution is red.

Sodium chloride and sodium sulfate
Maximum 8.0 per cent for the sum of the percentage
contents.

**** ** ** ****

IDENTIFICATION
A. Dissolve I g in water R and dilute to 10 mL with the
same solvent.The solution is strongly alkaline (2.2.4).
B. The solutionprepared for identification test A gives the
reaction of carbonates (2.3.1).
C. The solution prepared for identification test A gives
reaction (a) of sodium (2.3./).

TESTS
Solution S
Dissolve 2.0 g in portions in a mixture of 5 mL of
hydrodilori< ocidRand 25 mL of distilled woterR. Heat the
solution to boilingand cool. Add dilute sodium hydroxide
solution R until the solution is neutral and dilute to 50 mL
with distilled water R.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solutionY6 (2.2.2, AlelhodI).

Dissolve 2.0 g in 10 mL of waterR.

Alkall hydroxides and bicarbonates
Dissolve 0.4 g in 20 mL of waterR, add 20 mL of barium
chloride solution RI and filter. To 10 mL of the filtrate add
0.1 mL of phenolphthalein solution R. The solution does not
become.red. Heat the remainder of the filtrate to boilingfor
2 min. The solution remains clear (2.2.1).

Chlorides (2.4.4)
Maximum 125 ppm.
Dissolve 0.4 g in waterR, add 4 mLof dilute nitric add Rand
dilute to 15 mL with waterR.

Sulfates (2.4./3)
Maximum 250 ppm, determined on solution S.

Iron (2.4.9)
Maximum 50 ppm.
Dilute 5 mL of solution S to 10 mL withwater R.

Sodium Cetostearyl Sulphate

(ph. Bur. monograph 0847)

Action and use
Excipient.

Sodium Cetostearyl Sulfate

www.webofpharma.com



JI-918 Sodium Cetostearyl Sulfate 2022

Reference solution (b) Dissolve 0.100 g of maryl alcohol CRS
in 25.0 mL of the internal standard solution. Add 25 rnL of
waterR and shake with 4 quantities) each of 25 mL, of
pentane R. adding sodium chloride R, if necessary, to facilitate
the separation of the layers. Combine the upper layers, wash
with 2 quantities, each of 30 mL, of water R, dry over
at/hydrous sodium sulfate R and filter.

Column:
- nuuenal: fusedsilica;
- size: 1= 25 m, (2) = 0.25 rnrn,
- stationary phase: methy/po/y>.7oxane R (film thickness

0.25 urn).

Carrier gas helium for chromatography R.
Flow rate 1 mUmin.
Sp/itralio 1:100.

Temperature:

Sodium chloride Dissolve 5.00 g in 50 mL of water R, add
dilute nitric add R dropwise until the solution is neutral to
bluelitmus paperR. Titrate with 0.1 AI silver nitrate
determining the end-point potentiometrically (2.2.20).
1 mL of 0.1 M silver nitrate is equivalent to 5.844 mg of
Nael.
Sodium sulfau Dissolve 0.500 g in 20 mL of water R,
warming gently if necessary, and add 1 mL of a 0.5 gIL
solution of dithizone R in cueume R. If the solution is red, add
1 JH nitnc add dropwise until a bluish-green colour is
obtained. Add 2.0 mL of dichloroacetic acidso/mum Rand
80 mL of ace.",e R. Titrate with 0.01 M lead nimue until a
persistent orange-red colour is obtained.
1 mL of 0.01 M lead nitrate is equivalent to 1.420 mg
of Na,SO•.

Free cetostearyl alcohol
Maximum 4.0 per cent.

From the chromatogram obtained with test solution (a) in
the assay, calculate the percentage content of free cetostearyl
alcohol in the substance to be examined using the following
expression and taking into account the assigned content of
the chemical reference substances:

Column

Injection port

Detector

Time
(min)

0-20

Temperature
CCJ

ISO ..... 250

250

250

Water (2.S.II)
Maximum 1.5 per cent, determined on 1.00 g.

ASSAY
Gas chromatography (2.2.28).

Internal standard soluu'on Dissolve 0.200 g of
l-nonadeamol CRS in anhydrous ethanol R and dilute to
100.0 mL with the same solvent.

Test solution (a) Dissolve 0.300 g of the substance to be
examined in 50.0 mL of anhydrous ethanol R and add 2.0 mL
of the internal standard solution and 48.0 mL of water R.
Shake with 4 quantities, each of 25 ml., of pentane R, adding
sodium chloride R, if necessary, to facilitate the separation of
the layers. Combine the upper layers. Reserve the lower layer
for the preparation of test solution (b). Wash the combined
upper layers with 2 quantities, each of 30 mL, of water R.
dry over anhydrous sodium sulfate R and filter.

Test solution (b) Transfer 25.0 mL of the lower layer
obtained in the preparation of test solution (a) to a 200 mL
flask that can be lined with a reflux condenser. Add 10.0 mL
of the internal standard solution and 20 rnL of hydrochloric
add R. Boil under a reflux condenser for 2 h. Allow to cool
and shake with 4 quantities, each of 20 mL, of pentane R.
Combine the upper layers, wash with 2 quantities, each of
20 mL, of waterR, dry over anhydrous sodium sulfate Rand
filter.

Reference solution (a) Dissolve 0.100 g of "t~ akoho/CRS
in 25.0 mL of the internal standard solution. Add 25 mL of
water R and shake with 4 quantities) each of 25 mL, of
pentane R, adding sodium chloride R, if necessary, to facilitate
the separation of the layers. Combine the upper layers, wash
with 2 quantities, each of 30 mL, of water R, dry over
anhydrous sodium sulfate Rand filter,

A,

A,

AI m2 2
-x-x- x 100
A, m, 100

sum of me areas of me peaks due to cetyl alcohol and stearyl
alcohol in the chromatogram obtained with test solution (a);
area of me peak due to the internal standard in me
chromatogram obtained with lest solution (a);
mass of the substance to be examined in test solution (a). in
milligrams;
mass of the internal standard in the internal standard solution.
in miUigrams.

Detection Flame ionisation.

Injection 1~.

Elution order Cetyl alcohol, stearyl alcohol, J-nonadecanol.

Calculate the percentage content of sodium cetyl sulfate in
the subs lance to be examined using the following expression
and taking into account the assigned content of cetyl
akolwICRS:

A 2 m.JI 1 1
A.x

A-
x -A x - x 100x4x -25 »r,

I .JI m .

A..- area of the peak due to cetyl alcohol in the chromatogram
cbralned with lest solution (b)j

A..-,)' area of the peak due to utyl alcohol CRS in me chromatogram
obtained with reference solution (a);

AI area of the peak due to the internal standard in the
chromatogram obtained with test: solution (b);

A2 area of the peak due to me internal standard in the
chromalogram obtained with reference solution (a);

Fi conversion factor from cetyl alcohol to sodium cetyl sulfate
(1.421);

m mass of the substance 10 be examined in rest solution (a), in
milligrams;

m..-,)' mass of cetylol«JJw/ CRS in reference solution (a). in milligrams.

Calculate the percentage content of sodium stearyl sulfate in
the substance to be examined using the following expression
and taking into account the assigned content of stearyl
akohol CRS:

A J mz,y 1 J
AJx-

A
x-' x-xIOOx4x-xFz

I A~,y m 2.5

A. area of me peak due to stearyl alcohol in the chromatogram
obtained with test solution (b}j

Ai,)' area of the peak due to suaryl alaJhol CRS in the chromatogram
obtained with reference solution (b)j

AI area of the peak due to the internal standard in the
chromatogram obtained with test solution (b)j

A J area of the peak due to the Inremel standard in me
chromatogmn obtained with reference solution (b);

F.. conversion factor from atearylalcohol to sodium stearyl sulfate
(1.377);

m mass of the substance 10 be examined in test solution (a). in
milligrams;

In=.y mass of slearylolrohol CRS in reference solution (b). in
miUigrams.
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____________________ PhE"

I This monograph hasundergone phamuucpoe,:al harmonisation.
See chapur5.8 PharmaaJjXJeial harmonisation.

The percentage content of sodium cetostearyl sulfate
corresponds to the sum of the percentage contents of sodium
cetyl sulfate and sodium stearyl sulfate.

LABELLING
The label states, where appropriate, the name and
concentration of any added buffer.

tAppearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Memod11).•

Acidity or alkalinity
To 20 mL of solution S add 0.1 mL of bromorhymol blue
solurion Rl. Not more than 0.5 mL of 0.01 M hydrochloric
add or O.Ollvl sodium hydroxide is required to change the
colour of the indicator.

Bromides
Maximum 100 ppm.

To 0.5 mL of solution S add 4.0 mL of water R, 2.0 mL of
phenol red solurion R2 and 1.0 mL of a 0.1 gIL solution of
chloramine R and mix immediately. Afterexactly2 min, add
0.15 mL of 0.1 M sodium thiosulfate, mix and dilute to
10.0 mL with water R. The absorbance (2.2.25) of the
solution measured at 590 nm, usingwaterR as the
compensation liquid) is not greater thanthat of a standard
prepared at the same time and In the same manner, using
5.0 mL of a 3.0 mgIL solution ofporassium bromide R.

Ferrocyanides
Dissolve 2.0 g in 6 mL of water R. Add 0.5 mL of a mixture
of 5 mL of a 10 gILsolution of fen* ammonium sulfate R in a
2.5 gIL solution of sulfuric acidRand 95 mL of a 10 gIL
solution offerroussulfate R. No blue colour develops within
10 min.

Iodides
Moisten 5 g by the dropwise addition of a freshly prepared
mixture of 0.15 mL of sodium nitrite solution R) 2 mL of
0.5 M sulfuric acid, 25 mL of iodide-free starch solution R and
25 mL of waterR. After 5 min, examine in daylight.
The mixture shows no blue colour.

Nitrites
To 10 mL of solution S add 10 mLofwater R.
The absorbance (2.2.25) is not greater than 0.01 at 354 run.

Phosphates (2.4.11)
Maximum 25 ppm.

Dilute 2 mL of solution S to 100 mL with waterR.
Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solution S to 30 mL with distilled water R.

Aluminium (2.4.17)
Maximum 0.2 ppm, if intended foruse in the manufacture of
peritoneal dialysis solutions, haemodialysis soJutions or
haemofiltration solutions.
Prescribed solution Dissolve 20.0 g in 100 mL of water Rand
add 10 mL of acerare buffer solurion pH 6.0 R.
Reference solution Mix 2 mL of aluminiwn standard solution
(2 ppm AD R, 10 mL of acetate buffersolurion pH 6.0 Rand
98 mL of waterR.
Blank solurion Mix 10 mL of acetate buffer solulion pH 6.0 R
and 100 mL of water R.

•Arsenic (2.'4.2, Merhod A)
Maximum 1 ppm, determined on 5 mLof solution S.t

Barium
To 5 mL of solution S add 5 mL of dislilled water Rand
2 mL of dilute sulfu,u acid R. After2 h) any opalescence in
the solution is not more intense than that in a mixture of
5 mL of solution Sand 7 mL of dislilled water R.

Iron (2.4.9)
Maximum 2 ppm, determined on solutionS.
Prepare the standard using a mixture of 4 mL of iron
standard solution (1 ppm Fe) Rand 6 mL of water R.

**** ** ** ****
7647-14-5

(Ph. Bur. monograph 0193)

NaGI 58.44

Sodium Chloride1

Action and use
Used in treatment of electrolyte deficiency.

Preparations
Compound Glucose, Sodium Chloride and Sodium Citrate
Oral Solution
Compound Sodium ChlorideMouthwash
Magnesium Sulfate, Potassium Chloride and Sodium
Chloride Infusion
Oral Rehydration Salts

Potassium Chloride and Sodium Chloride Infusion
Potassium Chloride, Sodium Chloride and Glucose Infusion
Sodium Chloride Eye Drops

Sodium Chloride Eye Lotion

Sodium Chloride Eye Ointment

Sodium Chloride and Glucose Infusion

Sodium Chloride Infusion
Sodium Chloride Irrigation Solution
Sodium Chloride Nebuliser Solution

Sodium Chloride Oral Solution

Sodium Chloride Solution

Sodium Chloride Soluble Tablets

DEFINITION
Content
99.0 per cent to 100.5 per cent (dried substance).

• CHARACTERS
Appearance
White or almost white, crystalline powderor colourless
crystals or white or almost white pearls.

Solubility
Freelysoluble in water, practically insoluble in anhydrous
ethanol .•

IDENTIFICATION
A. It gives reaction (a) of chlorides (2.3.1).

B. It gives reaction (a) of sodium (2.3.1).

TESTS
OIj the substance is in thefonn of pearls, crush before use.O

Solution S
Dissolve 20.0 g in carbon dioxide-free water R prepared from
distilled water R and dilute to 100.0 mL with the same
solvent.
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DEFINITION
Trisodium 2-hydroxypropane-I,2,3-tricarboxylate dihydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or white or almost
white, granular crystals, slightly deliquescent in moist air.

Solubillty
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. To 1 mL of solution S (see Tests) add 4 mL of waterR.
The solution gives the reaction of citrates (2.3.1).

B. 1 mL of solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distilled waterR and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or a1kaIlnity
To 10 mL of solution S add 0.1 mL of phenolphthalein
solution R. Not more than 0.2 mL of 0.1 M hydrochlori< acid
or 0.1 M sodium hydroxide is required to change the colour of
the indicator.

Readily carbonisable substances
To 0.20 g of the powdered substance to be examined add
10 mL of sulfurit acidR and heat in a water-bath at
90 ± 1 °C for 60 min. Cool rapidly. The solution is not
more intensely coloured than reference solution Y2 or GY2
(2.2.2, Method II).

Chlorides (2.4.4)
Maximum 50 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Oxalates
Maximum 300 ppm.

Dissolve 0.50 g in 4 mL of waterR, add 3 mL of hydrochloric
acidR and I g of zmc R in granules and heat on a water-bath
for I min. Allow to stand for 2 min, decant the liquid into a
test-rube containing 0.25 mL of a 10 gIL solution of
phenylhydrazine hydrochloride R and heat to boiling. Cool
rapidJy, transfer to a graduated cylinder and add an
equal volume of hydrochloric acidRand 0.25 mL of potassium
fenUyanide solution R. Shake and aUow (0 stand for 30 min.
Any pink colour in the solution is not more intense than that
in a standard prepared at the same time in the same manner
using 4 mL of a 50 mgIL solution of oxalic acidR.

Sulfates (2.4.13)
Maximum 150 ppm.

To 10 mL of solution S add 2 mL of hydrochloric acidRI and
dilute to 15 mL with dislilled waterR.

Water (2.5./2)
11.0 per cent to 13.0 per cent, determined on 0.300 g.
Use as the solvent a mixture of 20 mL of methanol RJ 30 mL
of/onnamide Rand 5 g of sal;cylk add R.

Pyrogens (2.6.8)
If intended for use in the manufacture of large-volume
parenteral preparations, the competent authority may require
that it comply with the test for pyrogens. Inject per kilogram
of the rabbit's mass 10 m.L of a freshly prepared solution in
waterfor injections R containing per millilitre 10.0 mg of the
substance to be examined and 7.5 mg of pyrogen-free calcium
chloride R.

**** ** ** ****

6132-04-1294.1CJf,Na,O,,2H,O

Trisodium Citrate

(ph. Eur. monograph 0412)

Sodium Citrate

Magnesium and alkaline-earth metals (2.4.7)
Maximum J00 ppm, calculated as Ca and determined on
10.0 g.

Use 0.150 g of mordant black 1J triturate R. The volwne of
0.01 .1M sodium edetate used is not more than 2.5 mL.

Potassium
Maximum 500 ppm, if intended for use in me manufacture
of parenteral preparations or haemodiatysis, haemofiltration
or peritoneal dialysis solutions.

Atomic emission spectrometry (2.2.22, Methodl).

Testsolution Dissolve 1.00 g in waterR and dilute to
100.0 mL with the same solvent.

Reference solutions Dissolve 1.144 g of potassium chloride R,
previously dried at 100-105 °C for 3 h, in waterR and dilute
to 1000.0 mL with the same solvent (600 ug ofK per
millilitre). Dilute as required.

Wavelength 766.5 run.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 2 h.

tBacterial endotoxi.ils (2.6.14)
Less man 5 illIg, if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedure for removal of bacterial endotoxins.•

ASSAY
Dissolve 50.0 mg in water R and dilute to 50 mL with the
same solvent. Titrate with O. J M silver nitrate determining the
end-point potentiometrically (2.2.20).
1 mL of 0.1 M silver nitratds equivalent to 5.844 mg of
NaCI.

tLABELLING
The label states:
~ where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations;
- where applicable, that the substance is suitable for use in

the manufacture of peritoneal dialysis solutions,
haemodialysis solutions or haemofiltration solutions.•

Action and use
Systemic alkalinising substance.

Preparations
Compound Glucose, Sodium Chloride and Sodium Citrate
Oral Solution

Sodium Citrate Eye Drops

Sodiwn Citrate Irrigation Solution

,
<
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ASSAY
Dissolve 0.150 g in 20 mL of anhydrous acelU: add R, heating
to about 50 °C. Allow to cooL Titrate with 0.1 A1 perchloric
acid, using 0.25 mL of naphtholbenzein solution R as indicator
until a green colour is obtained.

1 mL of 0.1 M perch/one acid is equivalent to 8.602 mg
of C6H5NaJ07'

STORAGE
In an airtight container.

solution with 10.0 mL of the test stock solution and dilute to
20.0 mL with waterR.
Reference solution (c) Dilute 1.0 mL of a 0.3 gIL solution of
phosphoric acid R (impurity B) to 100.0 mL with waterR.
Precofumn:
- size: 1= 0.05 m, 0 = 4 mm;
- stationary phase: onion-exchange resin R;
- partidesize: 9 urn.
Column:
- size: 1= 0.25 m, 0 =4 mrn;
- stationary phase: anion-exchange resin R;
- particle size: 9 pm.

Mobile phase:
- mobile phaseA: 0.21 gIL solution of sodium hydroxide R in

carbon dioxide-free water R; close immediately, mix and use
under helium pressure;

- mobile phaseB: 4.2 gIL solution of sodium hydroxide R in
carbon dioxide-free waterR; close immediately, mix and use
under helium pressure;

Sodium Clodronate Tetrahydrate
(Ctodronou Disodium Tetrahydrate, Ph. Bur.
monograph 1777)

o 0
II II

HO-r<»: p,-OH • 4~o
NaO 1\ ONa

CI CI

**** ** ** ****

Tim.
(min)

Mobile phase A
(per cent JlIY)

Mobile phase B
(per cent JIM

Flowrate 1 mUmin.
Detection Conductivity detector. Use a self-regenerating
anion suppressor.

Inj«rion 20 ~L.

Identification 0/impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity B.

Relativeretention With reference to clodronate (retention
time = about 13 min): impurities A and B = about 0.7;
impurity D = about 1.1.

System SUiUlbiliry Reference solution (b):
- peak-to-oolley ratio: minimum 3, where Hp = height above

the baseline of me peak due to impurity D and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
clodronate.

Limits:
- sum 0/impurities A andB: not more than the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);

- unspecified impuriu·es: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total: not more than 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.3 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with.reference solution (a)
(0.05 per cent).

Water (2.5.12)
18.5 per cent to 21.0 per cent, determined on 0.100 g.

ASSAY
Dissolve 0.140 g in 10 mL of waterR. Add 10 mL of s/TOllg
sodium hydroxide solution R and some glass beads. Boil until
the solution is completely decolourised (about 10 min). Cool

CH,CI,N.,OJ',,4H,O 360.9
;,',PhE<r _

DEFINITION
Disodiwn (dichloromethylene)bis(hydrogen phosphonate)
tetrahydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, praeticaUy insoluble in ethanol
(96 per cent), slightly soluble in methanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison clodronate disodium tetrahydrate CRS.
B. Dissolve 0.5 g in 10 mL of waterR. The solution gives
reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodIf).

pH (2.2.3)
3.0 to 4.5, for solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.125 g of the substance to be
examined in 30 mL of waterR, sonicate for 10 min and
dilute (0 50.0 mL with waterR (test slOCk solurion). Dilute
10.0 mL of the test stock solution to 20.0 mL with waterR.
Reference solution (aJ Dilute 1.0 mL of the test solution to
10.0 mL with waterR. Dilute 1.0 mL of this solution to
50.0 mL with water R.
Reference solution (b) Dissolve 1 mg of dodronate
impun'ty D CRS in 10 mL of water R, sonicate for 10 min
and dilute to 20.0 mL with waterR. Mix 2.0 mL of this

0·10

10 - 22

22 - 23

23 - 25

90 60
60 50
50 20

'0

10 40

40 50

50 -> 80

80
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CHARACTERS
Appearance
White or almostwhite) hygroscopic) crystalline powder.

Solubility
Soluble in water) practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
Fint identification: B, D.
Second identification: AI C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 10.0 mg in phosphare buffer solution
pH 7.4 R and dilute to 100.0 mL with the same buffer
solution. Dilute 10.0 mL of the solution to 100.0 mL with
phosphate buffer solution pH 7.4 R.
Spectral range 230-350 run.

Absorption maxima 239 om and 327 nm.

Absorbance ratio A327/A239;;;:; 0.25 {Q 0.30.
B. Infrared absorption spectrophotometry (2.2.24).

Compatison sodium cromoglicate CRS.
C. Dissolve about 5 mg in 0.5 mL of methanol R. Add 3 mL
of a 5 gILsolution of 4-aminoanu"pyn·ne R in methanol R
containing 1 per cent V/V of hydrochloric acid R. Allowto
stand for 5 min. An intense yellowcolourdevelops.
D. It gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
25 mL withthe same solvent.

Appearance of solution
Solution S is not more opalescent thanreference
suspensionII (2.2.1) and not more intensely coloured than
reference solutionBY5 (2.2.2, Method11).

Acidity or a1kallnity
To 10 mL of solution S add 0.1 mL of phenolphthalein
solution R. The solution is colourless. Add 0.2 mL of a
0.40 gIL solution of sodium hydroxide R. The solution is pink.
Add 0.4 mL of a 1.03 gIL solution of hydrochlotic acid R.
The solution is colourless. Add 0.25 mL of malrylred
solution R. The solution is red.

Related substances
Liquid chsomatography (2.2.29).

Solventmixture waterR, acetonitrile R (40:60 VIV).

Testsolution Dissolve 0.100 g of the substance to be
examinedin the solvent mixture and dilute to 50.0 mL with
me solvent mixture.
Reference solution (a) Dilute 1.0 mL of the lest solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with me solventmixture.
Reference solution (b) Dissolve 7 mg of sodium cromoglicate for
system suitability CRS (containing impurity C) in the solvent
mixture and dilute to 10 mL with the solvent mixture.
Column:
- size: I;;;:; 0.15 m, 0 ;;;:; 4.6 nun;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (3 urn).

Mobile phase:
- mobile phaseA: acetonitrile R, 10 gIL solution of

tetTabutylammonium hydrogen sulfate R (5:95 VIII);
- mobUe phaseB: acetonitrile R) 10 gIL solutionof

tetrabutylammonium hydrogen sulfat< R (50:50 VIII);

15826-37-6512.3

o 0
II II

HO-P P'-OH','HO OH
CI

B. phosphoric acid,

A. [dichloro[hydsoxy(l-methylethoxy)phosphinoyl]methyl]
phosphonic add,

D. (chloromethylene)bis(phosphonic acid).

in an ice-bath and add 30 mL of water Rand 10 mL of nitric
acid R. Titrate with 0.1 .1\1 silvernitrate, detennining the
end-point potentiometricaUy (2.2.20).

1 mL of 0.1 iW silvernitrate is equivalent to 14.44 mg of
CH,Cl,Na,O.P2·

IMPURITIES
Specified impurities A, B.

Otherdetectable impurities (thefoiTawing substances would, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for otherhmspecified impurities andlor by the general
monograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) D.

CH,
H3C-----.l 0 0

\ II II
a-p P'-OH,'V ,
HO /\ OH

CI CI

Sodium Cromoglicate
(Ph. Bur. monograph 0562)

PhE-x _

Action and use
Prophylaxis of allergic conditions.

Preparation
Sodium Cromoglicate Eye Drops

DEFINITION
Disodium 5,5'-[(2-hydsoxypropane-I,3-diyl)bis(oxy)]bis(4­
oxo-4H-I-benzopyran-z-carboxylate).

Content
98.0 per cent to 101.0 per cent (anbydsous substance).
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Time
(mJn)

0·15

15 - 20

Mobile phase A
(per cent JIll')

100 --> 0

o

Mobile phase B
(pet" cent JIll')

0--> 100

100

NoH
yYCH'

OH °
A. I-(2,6-dihydroxyphenyl)ethan-I-one,

139-05-9201.2

(Ph. Eur. monograph 0774)

Action and use
Sweetening agent.

DEFINITION
Sodiwn N-cyclohexylsulfamate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubillty
Freely soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, E.

Secondidentification: B, C, D, E.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium cyclamauCRS.
B. Examine the chromatograms obtained in the test for
impurity A.
Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position, colour and size to
the principal Spot in the chromatogram obtained with
reference solution (a).

C. To I mL of solution S (see Tests), add I mL of waterR
and 2 mL of s.7ver nitrate solution R1, then shake. A white,
crystalline precipitate is formed.

D. To I mL of solution S add 5 mL of waterR, 2 mL of
dilute hydrochlori< acidRand 4 mL of barium chloride
solution Rl and mix. The solution is dear. Add 2 mL of

Sodium Cyclamate

PhE<I _

___________________ PhE<6

B. diethyl 5,5'-[(2-hydroxypropane-i,3-diyl)bis(oxy»)bis(4­
oxo-4H-I-benzopyran-2-carboxylare),

C. unknown structure.

Flowrate 1.0 mUmin.

Detection Spectrophotometer at 330 run.

Injection I0 ~L.

Identification of impurities Use the chromatogram supplied
with sodium cromoglicou for system sln"tability CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity C.

Relativeretention With reference to crcmoglicate (retention
time =about 11 min): impurity C = about 1.1.

System suiwbility Reference solution (b):
- resolution: minirnwn 5.0 between the peaks due to

cromoglicate and impurity C.

Limits:
- impurity C: not more than 3 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- unspecified impurities: for each impurity, nor more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Oxalates
Maximwn 0.35 per cent.

Dissolve 0.10 g in 20 mL of waterR, add 5.0 mL of iron
salicylate solution R and dilute to 50.0 mL with waterR.
Measure the absorbance (2.2.25) at 480 nm. The absorbance
is not less than that of a reference solution prepared in the
same manner using 0.35 mg of oxalic acidR instead of the
substance to be examined.

Water (2.5.12)
Maximum 10.0 per cent, determined on 0.250 g. Use as the
solvent a mixture of 10 mL of anhydrous methanol R and
20 mL of formamide R.

ASSAY
Dissolve 0.200 g with heating in a mixture of 5 mL of
2-propanol Rand 25 mL of eehy1ene g/yaJ1 R. Cool and add a
mixture of 6 mL of tetrahydrofuran Rand 24 mL of
acetonitrile R. Titrate with 0.1 M perchkJric add, determining
the end-point potentiometrically (2.2.2{fJ.

I mL of 0.1 M perchlorie acid is equivalent to 25.62 mg
of C23H14Na201l'

STORAGE
In an airtight container, protected from light

IMPURITIES
Specified impurities C.

Otherdetectable impurities (the foltawing substances would, if
present at a sufficient /f!Vel, bedetected by oneor other of the tests
in the monograph. They are limited by the general aaeptatlce
cruetion for other/unspecified impurities and/or by thegeneral
monograph SubS/aT/US for pharmaautical use (2034). It is
therefore not necessary to identify these impuruies for
demonstration of compliance. See also 5.10. Control of impun'ties
in substances for pharmaceutical use} A, B.
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A. aulfamic acid,

B. aniline (phenylamine),

r'1(NH2

V

85

85 ---> 150

150

250

270

Temperature
('C)

0- I

1-.
9 - 13

Tim.
(min)

Column

Injection port

Detector

with the same solvent. Dilute 10.0 mL of this solution (Q

100.0 mL with ware,R (solution A). To 20.0 mL of
solution A, add 0.5 mL of strong sodium hydroxide solution R
and extract with 30 mL of toluene R. Shake 20 mL of the
upper layer with 4 mL of a mixture of equal volumes of dilute
acetic acidR and waterR. Separate the lower layer, add
0.5 mL of strong sodium hydroxide solution Rand 0.5 mL of
the internal standard solution and shake. Use the lower layer
immediately after separation.

Column:
- material: fused silica;
- size: I =25 m, 0 =0.32 nun;
- "a,ionary phase: phmy/(5)methy/(95)po/ysiloxane R (film

thickness 0.51 11m).

Carriergas heliumfor chromalCgraphy R.

Flow rate 1.8 mUmin.

Temperature:

Detection Flame ionisation.

Injection 1.5,u..; use a split. vent at a flow rate of
20mUmin.
Relative retention With reference to impurity C (retention
time =about 2.3 min): impurity B = about 1.4j
tetradecane =about 4.3; impurity D =about 4.5.

Limits:
- impurity C: maximum 10 ppm;
- impuniies B, D: for each impurity, maximum 1 ppm.

Sulfates (2.4.13)
Maximum 0.1 per cent.

Dilute 1.5 mL of solution S to 15 mL with distilled waterR.

Loss on drying (2.2.3Z)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at. 105°C for 4 h.

ASSAY
Dissolve without heating 0.150 g in 60 mL of anhydrous
acetic acidR. Titrate with 0.1 M perch/oric add, determining
the end-point potentiometrically (2.2.2(J).

I mL of 0./ M perchloric acid is equivalent to 20.12 mg
of C.u12NNaO,S.

IMPURITIES
Specified impurities A, B, C, D.

sodium nitrite solutio" R. A voluminous white precipitate is
formed and gas is given off.

E. A mixture of 1 mL of solution Sand 1 mL of water R
gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5 g in carbon dioxide-free waterR prepared from
disnned water R and dilute to 50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.3)
5.5 to 7.5 for solution S.

Absorbance (2.2.25)
Maximum 0.10, determined at 270 nm on solution S.

Impurity A
Tbin-Iayer chromatography (2.2.27).

Test solutwn (a) Solution S.

Test soluticn (b) Dilute I mL of test solution (a) to 10 mL
with waterR.
Reference tdution (a) Dissolve 0.10 g of sodium
cyclamate CRS in water R and dilute to 10 mL with the same
solvent.

Reference solution (b) Dissolve 10 mg of sulfamic acidR
(impurity A) in waterR and dilute to 100 mL with the same
solvent.

Plate TLC silica gelG plate R.

"'lobile phase concentrated ammonia R, waterR, ethyl
aatate R, propanal R (10:1(\:20:70 VIVIVIJI).
Applicaticn 2 ~L.

Development Over a path of 12 em.

Drying In a current of warm air, then heat at 105 °C for
5 min.
Detection Spray me hot plate with strong sodium hypochlorite
solution R diluted (Q a concentration of 5 gIL of active
chlorine. Place in a current of cold air until an area of
coating below the points of application gives at most a faint
blue colour with a drop of potassium iodide and starch
solution R; avoid prolonged exposure to cold air. Spray with
potassium iodide and starch solution R and examine the
chromatograms within 5 min.

Limit Test solution (a):
- impuniy A: any spot due to Impurity A is not more

intense than the corresponding spot in the chromatogram
obtained with reference solution (b) (0.1 per cent).

Impurities B, C and 0
Gas chromatography (2.2.28).

Internal standard solution Dissolve 2 IJL of tetradecane R in
methylene chloride R and dilute to 100 mL with the same
solvent.

Test solution Dissolve 2.00 g of the substance to be
examined in 20 mL of waterR, add 0.5 mL of strong sodium
hydroxide solution R and shake with 30 mL of toluene R. Shake
20 mL of the upper layer with 4 mL of a mixture of
equal volumes of dilute acetic acid R and waterR. Separate the
lower layer, add 0.5 mL of strong sodium hydroxide solution R
and 0.5 mL of the internal standard solution and shake.
Use the lower layer immediately after separation.

Reference solutum Dissolve 10.0 mg (about 12 ~L) of
cydohexylamine R (impurity C), 1.0 mg (about 1.I fILl of
dky<Whexylamine R (impurity D) and 1.0 mg (about I ~L) of
aniline R (impurity B) in waterR, then dilute to 1000 mL
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2022 Sodium Dihydrogen Phosphate Dihydrate II-925

C. cyclohexanamine,

D. N-cyclohexylcyclohexanamine.
____________________ PhE..

Sodium Dihydrogen Phosphate
Anhydrous Sodium Dihydrcgen Phosphate

complies with the limit testfor sulfates, Appendix vn
(300 ppm).

Reducing substances
To 5 mL of solution S add 0.25 mL of 0.02Mpotassium
permanganate and 5 mL of 1M sulfun'c add and heat in a
water bathfor 5 minutes. The solutionretains a slightred
colour.

Loss on drying
When dried to constant weightat 130°, loses not more man
1.0% of its weight. Use I g.

ASSAY
Dissolve 2 g in 50 mL of waterand titrate withcarbonate­
free 1Msodium hydroxide VS determining the end point
potentiometrically. Each mL of 1Msodium hydroxide VS is
equivalent to 0.120 g of NaH,PO,.

DEFINITION
Sodium Dihydrogen Phosphate contains not less man 98.0%
and not more man 100.5%of NaH2P04, calculated with
reference to the driedsubstance.

CHARACTERISTICS
White, slightly deliquescent crystals or granules.
Very soluble in water; very slightly soluble in ethanol (96%).

Dissolve 10.0 g in sufficient carbon dioxide-free waterprepared
from d~tilled water to produce 100 mL (solution S).

IDENTIFICATION
A. Solution S is slightly add, Appendix V K.
B. Solution S yields the reactions characteristic of phosphates,
Appendix VI.
C. Solution S neutralised with a 10% w/v solution of
potassium hydroxide yields reaction A characteristic of sodium
salts, Appendix VI.
D. Complies with the test for Loss on drying.

TESTS
Acidity
pH of a mixture of 5 mL of solution Sand 5 mLof carbon
dioxide-free water, 4.2 to 4.5, Appendix V L.

Clarity and colour of solution
Solution S is dear, AppendixIV A, and colourless,
Appendix IV B, Method n.
Arsenic
0.5 g complies with the limit testfor arsenic, Appendix vn
(2 ppm).

Iron
10 mL of solution S complies with the limit testfor iron,
Appendix vn (10 ppm).

Chloride
Dilute 2.5 mL of solution S to 15 mL with water.
The resulting solution complies with the limit USt for chlorides,
Appendix vn (200 ppm).

Sulfare
To 5 mL of solution S add 0.5 mL of hydrochloric acid and
dilute to 15 mL with distilled water. The resulting solution

PhE.. __~ _

DEFINITION
Content
98.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost whitepowderor colourless crystals.

Solublllty
Verysoluble in water, veryslightly solublein ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) is slighdy acid (2.2.4).

B. Solution S gives the reactions of phosphates (2.3.1).

C. Solution S previously neutralised using a 100 gIL solution
Ofpolassium hydroxide R gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distilled water R and dilute to 100 mL with the same solvent.

Appearance· of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethadIf).

pH (2.2.3)
4.2 to 4.5.
To 5 mL of solution S add 5 mL of carbon dioxide-free
water R.
Reducing substances
To 5 mL of solution S add 0.25 mL of a 3.2 gIL solution of
potassium permanganate R and 5 mL of dilute sulfuric acid R
and heat in a water-bath for 5 min. The colourof the
pennanganate is Dot completely discharged.

13472-35-0

Sodium Dihydrogen Phosphate
Dihydrate
Sodium Acid Phosphare
(ph. Eur. monograph 0194)

NaH,PO,,2H,O 156.0

Action and use
Excipient.

Preparation
Phosphates Enema

7558-80-7120.0

Action and use
Excipient.

Preparation
Phosphates Enema

NaH,PO,
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II-926 Sodium Dihydrogen Phosphate 2022

___________________ PhE"

Chlorides (2.4.4)
Maximum 200 ppm.
Dilute 2.5 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 300 ppm.
To 5 mL of solution S add 0.5 mL of hydrochloric acid Rand
dilute to 15 mL with distilled wal<r R.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.
Loss on drying (2.2.32)
21.5 per cent to 24.0 per cent, determined on 0.500 g by
drying in an oven at 130°C.

ASSAY
Dissolve2.500 g in 40 mL of water R. Titrate with
carbonate-free 1 kl sodium hydroxide, determining the
end-point potentiometrically (2.2.20).
I mL of 1 M sodium hydroxide is equivalent to 0.120 g
of NaH,PO•.

Sodium Dihydrogen Phosphate
Monohydrate
NaH,PO.,H,O 138.0 10049-21-5

Chloride
Dilute 2.5 mL of solution S to 15 mL with walt!r.
The resulting solution complies with the limit test for chlorides,
Appendix VII (200 ppm).

Sulfate
To 5 mL of solution S add 0.5 mL of hydrochloric acid and
dilute to 15 mL with distilled water. The resulting solution
complieswith the limit test for sulfates, Appendix VII
(300 ppm).

Reducing substances
To 5 mL of solution S add 0.25 mL of 0.02M potassium
permanganace and 5 mL of 1M sulfuric acidand heat in a
water bathfor 5 minutes.The solution retains a slightred
colour.

Loss on drying
When dried to constantweight at 130°, loses 1I.5 to 14.5%
of its weight. Use 0.5 g.

ASSAY
Dissolve 2.2 gin 50 mL of water and titrate withcarbonate­
free 1Msodium hydroxide VS determining the end point
potentiometrically. Each mL of 1M sodium hydroxide VS is
equivalent to 0.120 g of NaH,PO•.

Sodium Feredetate

DEFINITION
Sodium Feredetate is iron(m) sodium ethylenediamineretra­
acetate trihydrate. It containsnot less than 98.0% and not
more than 102.0% of CloHl2N20sFeNa, calculated with
reference to the anhydrous substance.

CHARACTERISTICS
A yellowor yellowish brown, crystalline powder.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix Il A, is
concordant with the reference spectrum of sodiumferedetate
(RS 378). .

B. Ignite0.5 g and allow to cool. Dissolve the residue in
2 mL of hydrochloric add) add sufficient water to produce
20 mL and filter. The filtrate yields reaction C characteristic
of iron salts, Appendix VI. Dilute 1 volumeof the filtrate to
10 volumeswith water; the solution yields reaction B
characteristic of iron salts, Appendix VI.

C. Dissolve 2 g in 30 mL of wat<r, slowly add 6.5 mL of a
20% wlv solution of potassium hydroxide, shake and filter the
resulting suspension. Evaporate 8 mL of the filtrate to
dryness, ignite and dissolve the residue in 4 mL of water.
The solution yieldsreaction B characteristic of sodium salts,
Appendix VI.

Action and use
Excipient.

Preparadon
Phosphates Enema

DEFINITION
Sodium Dihydrogen Phosphate Monohydrate contains not
less than 98.0% and not more than 100.5% of NaH2POv
calculated with reference to the dried substance,

CHARACTERISTICS
Colourless crystals or a whitepowder.
Very soluble in water; very slightly soluble in ethanol (96%).

Dissolve 10.0 g in sufficient carbon dioxide-free waterprepared
from distilled wat<r to produce 100 mL (solution S).

IDENTIFICATION
A. Solution S is slighdy acid, Appendix V K.
B. SolutionS yields the reactions characteristic of phosphates)
Appendix VI.

C. Solution S neutralised with a 10%wlv solution of
potassium hydroxide yieldsreaction A characteristic of sodium
salts, Appendix VI.

D. Complies with the test for Loss on drying.

TESTS
Acidity
pH of a mixture of 5 mL of solution S and 5 mL of carbon
dioxide-free water, 4.2 10 4.5, Appendix V L.

Clarity and colour of solution
SolutionS is clear) AppendixN A, and colourless)
Appendix N B, Method II.

Arsenic
0.5 g complieswith the limit test for arsenic, Appendix vn
(2 ppm).

Iron
10 mL of solution S complieswith the limit testfor iron)
Appendix VII (10 ppm).

C,oH"N,OsFeNa,3H,O 421.1

Action and use
Source of iron.

Preparation
Sodium Feredetate Oral Solution

15708-41-5 (anlrydrous)
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PhE" _~~_~ ~~ ~~ _

When the chromatograms arerecorded underthe prescribed
conditions the retention of sodium feredetate relative to
nitrilotriacetic acid (retention time, about 5 minutes) is
about 2.0.

DEFINITION
Content
98.5 per cent to 100.5 per cent (driedsubstance).

CHARACTERS
Appearance
White or almost white powderor colourless crystals.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution between the peaksdue to
nitrilotriacetic acid and sodium feredetare is at least4.0.

LIMITS

In the chromatogram obtained with solution (1):

the area of any peak corresponding to nitrilotriacetic add is
not greater than the areaof the principal peakin the
chromatogram obtained with solution 2 (0.1%).

Chlorides
Dissolve I gin 100 mL of waterand filter. 15 mL of the
filtrate complies with the Iimit test for chlorides, Appendix vn
(350 ppm).

Sulfates
Dissolve 2 g in 40 mL of water) add 5 mL of a 20% wlv
solution of sodium hydroxide and sufficient water to produce
50 ml., shakeand filter. Evaporate 6.2 mL of thissolution to
dryness and ignite until no trace of carbon remains. Cool and
dissolve the residue in 10 mL of dislil/ed weuer. Neutralise the
solution with 2M hydrochloric add using litmus paper as
external indicator and add 2 mL in excess. Boil the solution,
cool, dilute to 15 mL with distilled water and filter.
The filtrate complies with the limit lest for sulfates,
Appendix VII (600 ppm).

Water
12.0% to 13.5% w/w, Appendix IX C, Method I. Use 0.1 g.

ASSAY
Dissolve 1 g in 40 mL of water in an iodine flask, add 20 mL
of hydrochloric acid and 3 g of potassium iodide, close the flask
and aUow to stand for 5 minutes.Titratethe liberated iodine
with 0.1M sodium thiosulfale VS using starch mudlageas
indicator. Repeat the procedure without the substance being
examined. The difference between the tltrations represents
me amount of sodium thiosulfate required. EachmL of
O.IM sodium thiosulfate VS is equivalent to 36.71 mg of
C,oH12N20.FeNa.

7681-49-4

Sodium Fluoride
(ph. Bur. monograph 0514)

NaF 41.99

Action and use
Used in prevention of dentalcaries.

Preparations
Sodium Fluoride Mouthwash

Sodium Fluoride Oral Drops

Sodium Fluoride Oral Solution

Sodium Fluoride Tablets

TESTS
Acidity
pH of a 1% wlv solution, 3.5 to 5.5, Appendix V L.

Free iron
Not more than 500 ppm, when determined by the following
method. Dissolve 0.2 g in sufficient water to produce 20 mL
and filter. Label three tubes A, Band C. Place 5 mL of the
filtrate into each of rubes A and Band 4 mL of waterand
1 mL of an ironstandard solution prepared in the following
manner in tube C. For the ironstandard solutiondilute
25 volumes of a 0.1726% wlv solution of ammonium iron (Ill)
sulfate in O.05M sulfuric add [0 200 volumes withwater
(25 ppm of Fe(m». Add I mL of a 1.0% wlv solution of
disodium cat«hol-3,5-disulfonate into each of tubes A and C
and 1 mL of water to tube B. Measure the absorbance of
solution A at 670 nm, AppendixIl B, using solution B in the
reference cell and of solution C using water in the reference
cell. The absorbance of solution A is not greater than thatof
solution C.

Free sodium edetate
To 4 mL of'a 1.0% w/vsolution add 2 mL of an iron
standard solutionprepared in the following manner and
1 mL of a 1.0% wlv solution of disodium CQuchol-3,5­
disuljonau and mix. For the iron standard solution dilute
50 volumes ofa 0.1726% w/v solution of ammonium iron(lJI}
sulfate in 0.05M sulfuric acid to 200 volumes with waler
(50 ppm of Fe(m». Prepare a standard in the same manner
using 4 mL of a 0.010% wlvsolution of disodium edetate in
place of the solution of the substance being examined.
Measure the absorbana of the solutionsat 670 om,
Appendix ITB, using wdter in the reference cell.
The absorbance of the solution of the substance being
examined is not less than that of the standard solution (l%).

Nitrilotriacetic acid
Carry out the method for liquidchromawgraphy,
Appendix ill D, protected from light, using the following
solutions.
So/ventA To 10 volumes of a 50% w/v solution of iron(llI)
sulfate pemahydnue in 0.5'1 sulfuric acidadd 390 volumes of
water) adjust to a pH of 2.0 with 1M sodium hydroxide and
dilute to 500 volumeswith water.
(1) 0.4%w/v of the substance being examined in solventA.
Mix with the aid of ultrasound.
(2) 0.0004% wlv of niuilotriacetic acid in solventA.
(3) 0.0004% wlv of nitrilotnacetic acidin solution (I).

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (10 em x 4.6 mm) packed
with spherical graphitised carbon for chromatography R I (5 I'JII)
with a specific surface area of 120 m2/g and a pore size of
25 om (Hypercarb is suitable).

(b) Use isocratic elution and the mobilephasedescribed
below.
(c) Use a flow rateof 1.0 mL per minute.
(d) Use an ambient column temperature.
(e) Use a detection wavelength of273 om.

(f) Inject 20 ~L of each solution.

MOBILE PHASE

To 50 volumes of a 0.01% w/v solutionof iron(lIJ) sulfate
pentahydnue in 0.5M sulfuric acid, add 750 volumes of warer.
Adjust to a pH of 1.5 with 0.5'1 sulfuric acidor 1M sodium
hydroxide and add 20 volumes of ethylene g/ywl. Dilute to
1000 volumes with water.
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II-928 Sodium Fusidare 2022

PIlE" ~ _

DEFINITION
Sodium ent-(17Z)-loo-(acetyloxy)-3P, Illl-dihydroxy-4P,8,14­
trimethyl-18-nor-5p, IOct-cholesta-17(20),24 -dien-21-oate.

Antimicrobial substance produced by fermentation of certain
strains of Fusidium coccineum or by any other means.

Content
97.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder, slightly
hygroscopic.

Solubility
Freely soluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium fusidase CRS.
B. Ignite 1 g. The residue givesreaction (a) of sodium
(2.3.1).

TESTS
Appearance of solution
The solutionis not moreintensely coloured than reference
solution B. (2.2.2, Method/1).

Dissolve 1.5 g in 10 mL of water R.

pH (2.2.3)
7.5 to 9.0.

Dissolve 0.125 gin 10 mL of carbon dioxide-free water R.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Solvent mixture methanol R, 5 gIL solution of phosphoJU
acid R, acetonitrile R (10:40:50 VIVIV).
Test solutiun Dissolve 25 mg of the substance to be
examined in the solventmixture and dilute to 10.0 mL with
the solventmixture.
Reference solution (a) Dissolve 2 mg of fusidi< acidfor peak
identification CRS (containing impurities A, B, C) D, F, G, H
and N) in the solventmixture and dilute to 1.0 mL with the
solventmixture.

**.* ** *• **••

751-94-0538.7

H,C

H

HO'
H : H

CH,

(ph. Eur. monograph 0848)

Sodium Fusidate

Action and use
Antibacterial.

Preparation
Sodium Fusldate Ointment

Solubility
Soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. To 2 mL of solution S (see Tests) add 0.5 mL of calcium
chloride solution R. A gelatinous whiteprecipitate is formed
that dissolves on adding 5 mL ofjerr;c chloride solution RI.
B. To about 4 mg add a mixture of 0.1 mL of alizarin S
solution Rand 0.1 mL of ziramy/ nitrate solution R and mix.
The colourchanges from red to yellow.
C. Solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR without heating
and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method /1).

Acidity or alkalinity
Dissolve 2.5 g of potassium nitrate R in 40 mL of solution S
and dilute to 50 mL with carbon dioxide-free water R. Cool to
o'C and add 0.2 mL ofphenolphthalein solution R. If the
solution is colourless, not more than 1.0 mL of 0.1 M sodium
hydroxide is required to produce a red colour thatpersists for
at least 15 s. If the solution is red, not more than 0.25 mL of
0.1 M hydrochloric acid is required to change the colourof the
indicator.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 10 mLofsolution S to 15 mLwith waterR.

Fluorosilicates
Heat to boiling the neutralised solutionobtained in the test
for acidity or alkalinity and titrate whilst hot. Not more than
0.75 mL of 0.1 M sodium hydroxide is required to change the
colourof the indicator to red.

Sulfates (2.4.13)
Maximum 200 ppm.

Dissolve 0.25 g in 10 mL of a 223 gIL solution of aluminium
nitrate R. Add 5 mL of distaled water Rand 0.6 mL of
hydrochloric acidRl. Prepare the standard by mixing 0.6 mL
of hydrochloric acidR/, 5 mL of sulfate standard solution
(10 ppm SO.,) Rand 10 mL of a 223 gIL solution of
aluminium nitrate R.
Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 130°C for 3 h.

ASSAY
Dissolve 0.100 g in water R and dilute to 60 mL with the
same solvent. Titrate with 0.1 M lanthanum nitrate,
determining the end-point potentiometrically (2.2.20) using a
ft.uoride-selective indicator electrode and a silver-silver
chloride reference electrode.
I mLof 0.1 M lanthanum nitrate is equivalent to 12.60 mg of
NaF.
____________________ PIlE"
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2022 Sodium Fusidate II-929

A. ent-(24SR, 17Z)-I6c<-(acetyloxy)-3~,1I ~,24,25­
tetrahydroxy-4 ~,8, 14-trimethyl-18-nor-5~,I O~-cholest-17
(20)-en-21-oic acid (24,25-dihydro-24,25-dihydroxyfusidic
acid),

B. ent-(I 7Z)-3~,1 l/l-dihydroxy-17-[(6SR)-6-hydroxy-7,7­
dimethyl-2-oxooxepan-3-ylidene]-4~,8,14-trimethyl-18­
nor-5~, IOc-androstan-Itic-yl acetate (24,25-dihydro­
24,25-<lihydroxyfusidic acid 21,25-1actone),

- impurifY A: not more than 3 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.3 per cent);

- impurities C, D, F, I, K, N: for each impurity, not more
than twice the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.2 per cent);

- unspecified impuritks: for each impurity) not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(2.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent).

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.500 g.

ASSAY
Dissolve 0.400 g in 30 mL of waterR and add 40 mL of
ethanol (96 per cem) R. Titrate with 0.1 M hydrochloric acid,
detennining the end-point potentiometrically (2.2.20).
I mL of 0.1 M hydrochloric acidis equivalent to 53.87 mg of
C3lH41Na06'

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8°C.

IMPURITIES
Specified impuniies A, B, C, D, F, G, IJ K, L, M, N.

Otherdeteerable impurities (the following subsrances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They art limitedby the general acceptance
criterion for other/unspecified impurities atuUor by the general
monograph Substances for pharmaceutical use (2034). It is
rherefore not necessary to identifythese impuriues for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phamraceutical use) E, H, ], o.

HO H OH
H3C ....

and eplmer al C·

CH,
CH,

...O""),/CH3 andeplmer at C'
"H II

o

HO

H

HO"

Time Mobile phase A Mobile phase B
(min) (per cent VIJ') (per cent VIII)

0-3 100 0

3 - 28 100 --> 0 o -l> 100

28 - 33 0 100

Flow ral' LO mUmin.

Detection Spectrophotometer at 235 run.

Injection 20 IlL.
Identification of impurities Use the chromatogram supplied
with fusidie acidfor peak identification CRS and the
chromatogram obtained' with reference solution (a) to
identify the peaks due to impurities A, B, C, D, F, G, Hand
N; use the chromatogram supplied wirhfimaic acid
impun'lymixtureCRS and the chromatogram obtained with
reference solution (d) to identify the peaks due to
impurities I, K, L and M.
Relativeretention Wilh reference to fusidic acid (retention
time = about 18 min): impurity A = about 0.4;
impurity B =about 0.5; impurity C =about 0.6;
impurity D =about 0.63; impurity N =about 0.65;
impurity F = about 0.7; impurity G = about 0.82;
impurity H =about 0.85; impurity I =about 0.96;
impurity K = about 1.18; impurity L = about 1.23;
impurity M =about 1.4.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurities G and H.
Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C = 0.7;
impurity D =0.7; impurity F =0.3; impurity I =0.6;
impurity K =0.6;

- impun'ty M: not more than the area of the principal peak
in the chromatogram obtained with reference solution (b)
(1.0 per cent);

- jmpun'ty G: not more than 0.7 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.7 per cent);

- impun'ty L: not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- impun'ty B: not more than 4 times the area of the
principal peak in the chromatogram obtained with
reference solution (c) (0.4 per cent);

Reference solution (b) Dilute 1.0 rnL of the test solution to
J00.0 mL with the solvent mixture.

Reference solution (c) Dilute 1.0 mL of reference solution (b)
[Q 10.0 mL with the solvent mixture.

Reference solution (dJ Dissolve the contents of a vial of/usidic
acid impuritymixtureCRS (containing impurities I, K, L
and M) in 1.0 mL of the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped oaade<y/silyl silica gelfor

chromatography R (3.5 urn);
- temperature: 30 "C.

MoMe phase:
- mobile phaseA: methanolR, acetonitrile R, 5 gIL solution of

phosphoric add R (20:40:40 VIVIV);
- mobile phase B: 5 gIL solution of phosphon" acidR,

methanolR, acetonitrile R (10:20:70 VIVIV);
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HO
H CH3

CH,

CD,H

.0'w-'"CH,
'H II

o

. 0'w-'"CH,
'H II

o

H

HO' H : H
CH,

H,C

H,C

o H : H
CH,

H,C

H,C

G. ent_(l7Z)_lfu_(aceryloxy)_II~hydroxy-4p,8,14-trimethyl­
3-oxo-18-nor-Sp, I0~_cholesra_17(20),24_dien_21_oic acid
(3-didehydrofusidic acid),

H. ent-(17Z)-16~-(aceryloxy)-3P-hydroxy-4p,8,14-trimethyl­
II_oxo_18_nor_Sp,100:_cholesta_17(20),24-dien-21-oic acid
(Il-didehydrofusidic acid),

H

HO'
H : H

CH,

H
HO'­

H : H
CH,

C. ent-(17Z)-3p,11 ~dihydroxy-17-[(6S)-6-(I-hydroxy-l­

methylethyl)-2-oxodihydro-2H-pyran-3(4H)-ylidene)­
4P,8, 14-trimethyl-18-nor-Sp,l00:-androstan-16 ~-yl acetare
«24R)-24,2S-dihydro-24,2S-dihydroxyfusidic acid 21,24­
lactone),

CHO

HO

o

CD,H

.OH

H

H,C

H
HO'

H . H
CH,

H

HO'
: H
CIi,

I. ent-(17Z)-3p, II p,16P_trihydroxy-4P,8.14-trimethyl-18­
nor-Sp,100:-cholesra-17(20),24-dien-21-oic acid (16-epi­
deacetylfusldic acid),• O~CH3

'H II
o

E. ent-(17Z,24EZ)-1 fu-(aceryloxy)-3P,llp,26-rrihydroxy-
4p,8,14-trimethyl-18-nor-Sp, IOo:-cholesra-I 7(20),24-dien­
21-oic acid (26-hydroxyfusidic acid),

D. ent-(17Z)-3p, II ~dihydroxy-17-I(6R)-6-( I-hydroxy-I­
methylethyl)-2-oxodihydro-2H-pyran-3(4H)-ylidene]­
4p,8,14-trimethyl-18-nol'-Sp, 10~-androsran-16~-yl acetate
«24S)-24,2S-dihydro-24,2S-<lihydroxyfusidic acid 21,24­
lactone),

H

HO'
H : H

CH,

H,C

J. ent_(17Z)_3p,IIP_dihydroxy_4p,8,14_trimethyl_l8-nor-
Sp,100:_cho!esia_17(20),24-dieno_21(16p)-lacrone (16-epi­
deacetylfusidic acid 21)16~lactone»

CO,H

. 0'w-'"CH,
'H II

o
H

HO'­
H : H

CH,

F. ent-(l7Z,24EZ)-1 fu-(aceryloxy)-3P,II~dihydroxy­

4p,8,14-trimethyl-26-oxo-I8-nor-Sp,10~-cholesra-17

(20),24-dien-21-oic acid (26-oxofusidic acid),
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2022 Sodium Glycerophosphate II-931

o

H

HO'
H : H

CH,

Hydrated Sodium
Glycerophosphate
(Ph. Eur. monograph 1995)

H OH
HO -r 0 .. ,aNa
~ P-ONa

" +o
andenanliomer x H20

yo, ,oN.
HO P-ONa

"HO 0

. xH20

K. ent-(17Z)-3P, II P-dihydroxy-4P,8,14-trimethyl-18-nor­
5P, IO,-cholesta-l7(20),24-dieno-2I (16,)-laclone
(deacetylfusidic acid 21)16-lacrone),

C,H,Na20oP,xH20 216.0
(anhydrous substance)

DEFINITION
Mixture of variable proportions of hydrated disodium (2RS)­
2,3-dihydroxypropyl phosphate and hydrated disodium
2-hydroxy-I-(hydroxymethyl)ethyl phosphate. The mixture
may contain various amounts of other glycerophosphate
esters.

Content
98.0 per cent to 105.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor crystals.

Solubility
Freelysoluble in water, practically insoluble in acetone and
in ethanol (96 per cent).

IDENTIFICATION
A. Solution S (see Tests) gives reaction (a) of sodium
(2.3.1).

B. To 0.1 g add 5 mL of dilute ninicacidR. Heat 10 boiling
and boil for 1 min. Cool. The solution givesreaction (b) of
phosphates (2.3.1).

C. In a test-tube fitted with a glass tube, mix 0.1 g with 5 g
of potassium hydrogen rulfare R. Heat strongly and direct the
white vapour into 5 mL of decdorised fuchsin solution R.
A violet-red colour develops which becomes violet upon
heatingfor 30 min on a water-bath.

TESTS
Solution S
Dissolve 10.0 g in carbcm dioxide-free waterR prepared from
dist111ed water R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2) Method Il).

AlkalInity
To 10 mL of solution S add 0.2 mL of phenolphthalein
solution R. Not more than 1.0 rnL of 0.1 M hydrochloric acid
is .required to 'change thecolour of me indicator (aa).

Glycerol and ethanol (96 per cent)-soluble substances
Maximum 1.0 per cent.
Shake 1.000 g with 25 mL of ethanol (96 percen() R for
10 min. Filter. Evaporate the filtrate on a water-bath and dry
Ute residue at 70 °C for 1 h. The residue weighsnot more
than 10 mg.

Chlorides (2.4. if)
Maximum 200 ppm.

Dilute 2.5 mL of solution S to 15 mL with water R.

Phosphates (2.4.11)
Maximum 0.1 per cent.

PIlE" _

.O--"..-CH,
'H II

o

.O--"..-CH,
'H II

o

H

HO'
H ; H

CH,

H,C

H,C

H,C

H
HO'" .....,

H : H
CH,

H,C

H

HO'
H ; H

CH,

L. enr-( 17Z)-16,-(acetyloxy)-3P-hydroxy-4P,8,14-trimethyl­
18-nor'5p,100-cholesta-9(11),17(20),24-trien-21-oic acid
(9,1I-anhydrofusidic acid),

M.enr-( I 7Z)-16,- (acetyloxy)-3P-hydroxy-4 p,8, 14-trimethyl­
18-nor-5p,100-cholesta-17(20),24-<1ien-21-oic acid (11­
deoxyfusidic acid) J

N. unknown structure,

O. enr-(l7Z)-3p, II p,16a-trihydroxy-4p,8,14-trimethyl-18­
nor-5p, IOc-cholesta-f ?(20),24-dien-21-oic acid
(deacetylfusidic acid).

_~ PIlE"
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II-932 Sodium Hyaluronate

Dilute 1 mL of solution S to 10 mL with water R. Dilute
1 mL of this solution to 100 mL with walerR.

Sulfates (2.4.11)
Maximum 500 ppm.

Dilute 3 mL of solution S to 15 mL with water R.

Calcium
Maximum 100 ppm, if intended for use in the manufacture
of parenteral preparations.
Inductively coupled plasma-atomic emission spectrometry
(2.2.57).

Test solution Dissolve 0.50 g in a 1 per cent VIVsolution of
n;tncacid R and dilute to 50.0 mL with the same solution.

Reference solutions Prepare the reference solutionsusing
calcium sumdard solution (J00 ppm CaY R, diluting with a
1 per cent VIV solutionof ninicaddR.
Wavelength 396.8 run.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with 'Water R.

Water (2.5.12)
25.0 per cent to 35.0 per cent, determined on 0.1 00 g.

ASSAY
Dissolve 0.250 g in 30 mL of warer R. Titrate with 0.05 M
sulfim", acid, determining the end-point potentiometrically
(2.2.2U), (n,).

Calculate the percentage content of sodium glycerophosphate
(anhydrous substance) using the following expression:

216.0(n. -¥)
m(IOO-a)

a percentage content of water;
"I volumeof 0.05 M suIfurU acidused in the assay.inmiHilitreSj
112 volumeof O. J M hydrrxhknic add used in the test for alkalinity,

in mffiiljrresj
m massof the substanceto be examined, in gnuns.

___________________ PhE<r

Sodium Hyaluronate
(ph. Eur. monograph 1472)

9067-32-7

Action and use
High viscosity mucopolysaccharide.

PhE<r _

DEFINITION
Sodium salt of hyaluronic acid, a glycosaminoglycan
consisting of o-glucuronicacid and N-acetyl-o-glucosamine
disaccharide units. It is extracted from cocks' combs or

2022

obtained by fermentation from Streptococci; Lancefield
GroupsA and C.

Content
95.0 per cent to 105.0 per cent (dried substance).
Inuinsic viscosity: 90 per cent to 120 per cent of the value
stated on the label.

PRODUCTION
Where applicable, the animals from whichsodium
hyaluronate is derived must fulfil the requirements for the
health of animals suitable for humanconsumption.
When produced by fermentation of gram-positive bacteria,
the process must he shown to reduceor eliminate pyrogenic
or inflammatory components of the cell wall.

CHARACTERS
Appearance
W'hite or almost white, veryhygroscopic powder or fibrous
aggregate.

Solubility
Sparingly solubleor soluble in water, practically insoluble in
acetone and in anhydrous ethanol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of sodium hyaluronate.
B. It gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Weigh a quantity of the substance to be examined equivalent
to 0.10 g of the dried substance and add 30.0 mL of a 9 gIL
solution of sodium chloride R. Mix gentlyon a shaker until
dissolved (about 12 h).

Appearance of solution
Solution S is clear (2.2.1) and its absorbance (2.2.25) at
600 run is not greater than0.01.

pH (2.2.3)
5.0 to 8.5.

Dissolve the substance to be examined in carbon dioxide-flu
water R to obtaina solution containing a quantity equivalent
to 5 mg of the dried substance per millilitre.

Intrinsic viscosity
Sodium hyaluronate is very hygroscopic and mustbeprotected
from moisture dunng weighing.
Blf/fersolution (0.15 M sodium chloride in 0.01 M phosphate
blf/fer solution pH 7.U). Dissolve 0.78 g of sodium dihydrogen
phospha" R and 4.50 g of sodium chloride R in waler Rand
dilute to 500.0 mL with the same solvent (solution A).
Dissolve 1.79 g of disodium hydrogen phosphate
dodecahyd,a"Rand 4.50 g of sodium chloride R in wa'" R
and dilute to 500.0 mLwith the same solvent (solution B).
Mix solutions A and B until a pH of 7.0 is reached. Filter
through a sintered-glass filter (4) (2.1.2).

Test solution (a) Weigh 0.200 g (mOp) (NOTE: thisvalue is
only indicative and should beadjusted after an initial
measurement of theviswsityof test solution (0)) of the substance
to be examined and dilute with 50.0 g (moJ of buffer
solution at 4 °C. Mix the solution by shaking at 4 °C during
24 h. Weigh 5.00 g (m, P) of the solution and dilute with
100.0 g (mt,) of buffer solution at 25 'C. Mix this solution
by shaking for 20 min. Filterthe solution through a sintered­
glass filter (100) (2.1.2), and discard the first 10 mL.

Test solution (b) Weigh 30.0 g (m,p) of test solution (a) and
dilute with 10.0 g (m,,) of buffer solution at 25 'C. Mix this
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solution by shaking for 20 min. Filter the solution through a
sintered-glass filter (100) (2.1.2) and discard the /irst 10 mL.

Test solution (c) Weigh 20.0 g (m3p) of test solution (a) and
dilute with 20.0 g (m,J of buffer solution at 25 "C. Mix this
solution by shaking for 20 min. Filter the solution through a
sintered-glass filter (100) (2.1.2) and discard the /irst 10 mL.

Test solution (d) Weigh 10.0 g (m,p) of test solution (a) and
dilute with 30.0 g (m,J of buffer solution at 25°C. Mix this
solution by shaking for 20 min. Filter the solution through a
sintered-glass filter (100) (2.1.2) and discard the /irst 10 mL.

Determine the flow-times (2.2.9) for the buffer solution (to)
and for the 4 test solutions (th l,., '3 and ~)J at
25.00 ± 0.03 "C. Use an appropriate suspended level
viscometer (specifications: viscometer constant about
0.005 mm2/s2

, kinematic viscosity of 1-5 mm2/s, internal
diameter of tube R 0.53 mm, volume of bulb C 5.6 ml.,
internal diameter of tuhe N 2.8-3.2 mm) with a funnel­
shaped lower capillary end. Use the same viscometer for all
measurements; measure all outflow times in triplicate.
The test is not valid unless the results do not differ by more
than 0.35 per cent from the mean and if the flow time 11 is
not less than 1.6 and not more than 1.8 times to. If this is
not the case) adjust the value of mop and repeat the
procedure.

Calculation of the relatiue viscosities
Since the densities of the sodium hyaluronate solutions and
of the solvent are almost equal) the relative viscosities '1n
(being 'IriJ '1e2) '1r3 and '1r4) can be calculated from the ratio
of the flow times for Ute respective solutions l; (being II' tz,
l3and [4) to the flow time of the solvent to) but taking into
account the kinetic energy correction factor for the
capillary (B = 30 800 S3),using the following expression:

B
'i-a
--Ii
ro-tl

Calculation of the concentrations
Calculate the concenrradon c, (expressed in kglm1 of
sodium hyaluronate in test solution (a) using the following
expression:

I1IOp x x x (100 - h) x ml p x pzs

x percentage content of sodium hyaluronate as determined under
Assay;

h percentage loss on drying;
Pzs 1005 kWm1 (density of the test solution at 25 Qq.

Calculate the concentration C2 (expressed in kglm3
) of

sodium hyaluronate in test solution (b) using the- following
expression:

__m-;,'I'_c, x
m2s +m2p

Calculate the concentration C3 (expressed in kglm3) of
sodium hyaluronate in test solution (c) using the following
expression:

__ m-,'",,_c, x
m3s + mJp

Calculate the concentration '4 (expressed in kglm 3
) of

sodium hyaluronate in test solution (d) using the following

Sodium Hyaluronate II-933

expression:

_ _ m-,'"p_c, x
m~s +m-lp

Calculation of the inmnsic viscosiry
Calculate the intrinsic viscosity ['1] by linear least-squares
regression analysis using the Martin equation:

(~ -I)log" ":- = 10g,,[~1 + k[~lc

The decimal antilogarithm of the intercept is the intrinsic
viscosity expressed in m3/kg.

Sulfated glycosaminoglycans
Maximum I per cent) if the product is extracted from cocks'
combs.

AppropriausafeO' precautions are to be taken whenhandling
perchioric acidat elevated temperature.
Test solution Introduce a quantity of the substance to be
examined equivalent to 50.0 mg of the dried substance into a
test-tube 150 mm long and 16 rom in internal diameter and
dissolve in 1.0 mL of perchloric add R.
Reference solution Dissolve 0.149 g of anhydrous sodium
sulfate R in water R and dilute to 100.0 mL with the same
solvent. Dilute 10.0 mL of this solution to 100.0 mL with
waterR. Evaporate 1.0 mL in a test-tube 150 mm long and
16 mm in internal diameter in a heating block at 90-95 °C)
and dissolve the residue in 1.0 mL of perchlotic acidR.
Plug each test-tube with a piece of glass wool. Place the test­
tubes in a heating block or a silicone oil bath maintained at
180°C and heat until clear) colourless solutions are obtained
(about 12 h). Remove the test-rubes and cool to room
temperature. Add to each test-tube 3.0 mL of a 33.3 gIL
solution of barium chloride R) cap and shake vigorously. Allow
the test-tubes to stand for 30 min. Shake each test-tube once
again) and determine the absorbance (2.2.25) at 660 nrn,
using waterR as a blank.
The absorbance obtained with the test solution is not greater
than the absorbance obtained with the reference solution.

Nucleic acids
The absorbance (2.2.25) of solution S at 260 nm is
maximum 0.5.

Protein
Maximum 0.3 per cent; maximum 0.1 per cent) if intended
for use in the manufacture of parenteral preparations.

Testsolution (aJ Dissolve the substance to be examined in
waterR to obtain a solution containing a quantity equivalent
to about 10 mg of the dried substance per millilitre.

Test solution (b) Mix equal volumes of test solution (a) and
water R.
Reference solutions Prepare a 0.5 mglrnL stock solution of
bovine albumin R in waterR. Prepare 5 dilutions of the stock
solution containing between 5 ~glmL and 50 ~glmL of bovine
albumin R.
Add 2.5 mL of freshly prepared eupri-rartaric solution R3 to
test-tubes containing 2.5 mL of waterR (blank), 2.5 mL of
the test solutions (a) or (b) or 2.5 mL of the reference
solutions..Mix after each addition. After about 10 min) add
to each test-tube 0.50 mL of a mixture of equal volumes of
phosplwmolybdotungstic reagent R and water R prepared
immediately before use. Mix after each addition. After
30 min, measure the absorbance (2.2.25) of each solution at
750 om against the blank. From the calibration curve
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Il-934 Sodium Hydroxide 2022

_____________________ POE"

POE" _

~XZx~x401.3
c, 100-h 194.1

1310-73-2

Caustic Soda

(ph. Eur. monograph 0677)

NaOH 40.00

Sodium Hydroxide

put them again on a water-bath for exactly 15 min. Cool to
room temperature and measure the absorbance (2.2.25) of
the solutions at 530 run) against the blank.
From me calibration curve obtained with the mean
absorbances read for each reference solution, determine the
mean concentrations of n-glucuronic acid in the test
solutions.
Calculate the percentage content of sodium hyaluronate
using the following expression:

LABELLING
The label States:
- the intrinsic viscosity;
- the originof the substance;
- the intendeduse of the substance;
- where applicable, that the substance is suitable for

parenteral administration otherthan intra-articular
administration;

- where applicable) that the substance is suitable for
parenteral administration, including intra-articular
administration;

- whereapplicable mat the material is suitablefor intra­
ocularuse.

C, mean of concentrations of o-glucurcnic acid in the test
solutions, in miU1'grams pergram;

C, mean of concenrraucos of me substance to be examinedin the
test solutions, in milligrams per gram;

Z determined percentage content of C~1001 in D-glllCUl'01lic

acidR;
h percentage loss on drying;
401.3 relativemolecularmass of the disaccharide fragrnentj
194.1 relativemolecularmass of glucuronic acid.

STORAGE
In an airtight container, protected from light and humidity.
If the substance is sterile) store ina sterile, airtight, tamper­
evident container.

DEFINITION
Content
97.0 per cent to .100.5 per cent.

CHARACfERS
Appearance
White or almostwhite, crystalline masses) supplied as pellets,
sticks or slabs, deliquescent, readily absorbing carbon
dioxide.

Solubility
Verysoluble in water, freely soluble in ethanol (96 per cent).

IDENTIFICATION
A. pH (2.2.3): minimum 11.0.
Dissolve 0.1 gin 10 mL of waterR. Dilute I mL of the
solution to 100 mL with waterR.

obtainedwith the 5 reference solutions determine the content
of protein in the test solutions.

Chlorides (2.4.4)
Maximum 0.5 per cent.

Dissolve 67 mg in 100 mL of waterR.

Iron
Maximum 80 ppm.

Atomic absorption spectrometry (2.2.23, Method If).

Testsolution Dissolve a quantity of the substance to be
examined equivalent to 0.25 g of the dried substance in
1 mL of niem acid R byheating on a water-bath. Cool and
dilute to 10.0 mL with waterR.
Reference solutions Prepare 2 reference solutions in the same
manneras the test solution, adding 1.0 mL and 2.0 mL
respectively of iron standard solution (lO ppm Fe) R to the
dissolvedsubstance to be examined.
SQUm: Iron hollow-cathode lampusing a transmission band
of 0.2 nm.
Wavelength 248.3 nm.

Atomisation device Air-acetylene flame.
Loss on drying (2.2.32)
Maximum 20.0 per cent, determined on 0.500 g by drying at
100-110 °C over diphospholUS pemoxide R for 6 h.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12). Use I g of
the substance to he examined.

Bacterial endotoxins (2.6.14)
Less than 0.5 IU/mg, if intended for use in the manufacture
of parenteral preparations ~thout a further appropriate
procedure for the removal of bacterial endotoxins; less than
0.05 IU/mg) if intendedfor use in the manufacture of intra­
ocularpreparations or intra-articular preparations without a
further appropriate procedure for the removal of bacterial
endotoxins.

ASSAY
Determine the glucuronic acid content by reaction with
carbazole as described below.
Reagent A Dissolve 0.95 g of disodium tetraborate R in
100.0 mL of sulfun'c acid R.

Reagent B Dissolve 0.125 g of rarbazole R in 100.0 mL of
anhydrous ethanol R.
Test solution Prepare this solution in triplicate. Dissolve
0.170 g of the substance to be examined in waterRand
dilute to 100.0 g with the same solvent. Dilute 10.0 g of this
solution to 200.0 g with waterR.
Reference srock solution Dissolve 0.100 g of n-glucuroni<
add R, previously dried to constant mass invacuumover
diphospholUS pemoxide R (2.2.32), in water R and dilute to
100.0 g with the same solvent.
Reference solutions Prepare 5 dilutions of the reference stock
solution containing between 6.5 ~g1g and 65 ~g1g of
n-glucuroni< acid R.
Place 25 test-tubes) numbered 1 to 25) in iced water.
Add 1.0 mL of the 5 reference solutions in triplicate to the
test-tubes Ito 15 (reference tubes), 1.0 mL of the 3 test
solutions in triplicate to the test-tubes 16 [0 24 (sample
tubes), and 1.0 mL of waterR to test-tube 25 (blank).
Add to each test-tube 5.0 mL of freshly prepared reagent A,
previously cooled in iced water. Tightly close the test-tubes
withplastic caps, shake the contents, and placeon a water
bath for exactly 15 min. Cool in iced water, and add to each
test tube 0.20 mLof reagent B. Recap the tubes, shake) and
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B. 2 mL of solution S (see Tests) gives reaction (a) of
sodium (2.3.1).

TESTS
Solution S
Carry out theprocedure described below with caution Dissolve
5.0 g in 12 mL of waterR. Add 17 mL of hydrochlaric
acidRI, adjust to pH 7 with a 103 gIL solution of
hydrochloric acid R and dilute to 50 mL with waterR.

Appearance of solution
The solution is clear (2.2./) and colourless (2.2.2,
Method II).

Dissolve 1.0 g in 10 mL of water R.

Carbonates
Maximum 2.0 per cent, calculated as Na2COJ as determined
in the assay.

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 g in 5 mL of waterR, acidify the solution with
about 4 mL of nitric acid R and dilute [0 15 mL with
water R. The solution) without addition of dilute nitricacid R,
complies with the test.

Sulfates .(2.4.13)
Maximum 200 ppm.
Dissolve 0.75 g in 6 mL of distilled water R, adjust to pH 7
with hydrochloric acid R and dilute to 15 mL with distilled
waterR.

Iron (2.4.9)
Maximum 10 ppm, determined on solution S.

ASSAY
Dissolve 2.000 g in about 80 mL of carbon dioxide-free
waterR. Add 0.3 mL of phenolphthalein so/ution R and titrate
with I M hydrochloric acid.Add 0.3 mL of methylarange
sdution R and continue the titration with 1 M hydroch/on"c
acid.
1 mL of 1 M hydrochloric acid used in the 2nd partof the
titration is equivalent to 0.1060 g of Na2COJ'
1 mL of 1 M hydrochloric acidused in me combined titrations
is equivalent to 40.00 mg of total alkali, calculated as NaOH.

STORAGE
In an airtight, non-metallic container.
____________________ Ph,..

Sodium Lactate II-935

IDENTIFICATION
A. Solution S (see Tests) gives the reactions of iodides
(2.3./).

B. Solution S gives the reactions of sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distilled water R and dilute to J00 mL withthe same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Methad II).

Alkalinity
To 12.5 mL of solution S add 0.1 mL of bromathymal blue
so/mum Rl. Not more than 0.7 mL of 0.0/ M hydrochloric
acidis required to change the colour of the indicator.

Iodates
To 10 mL of solution S add 0.25 mL of iodide-free starch
so/mwn Rand 0.2 mL of dilute sulfuric acidR and allow to
stand protected from light for 2 min. No blue colour
develops.

Sulfates (2.4./3)
Maximum 150 ppm.

Dilute 10 mL of solution S to 15 mL with distilled waterR.

Thiosulfates
To 10 mL of solution S add 0.1 mL of starch solurian R and
0.1 mL of 0.005 M iodine. A blue colour is produced.

Iron (2.4.9)
Maximum 20 ppm.

Dilute 5 mL of solution S to 10 mL with waterR.

Loss on drying (2.2.32)
Maximum 3.0 per cent, determined on 1.00 g by drying in
an oven at 105°C for3 h.

ASSAY
Dissolve 1.300 g in waterR and dilute to 100.0 mL with the
sarne solvent. To 20.0 mL of the solution add 40 mL of
hydrochlaric acidR and titrate with 0.05 M potassium iadate
until the colour changes from red to yeDow. Add 5 mL of
chloroform R and continue the titration, shaking vigorously,
until the chloroform layer is decolorised,

I mL of 0.05 M potassium iodate is equivalent to 14.99 mg of
Nal.

STORAGE
Protected from light.

Preparation
SodiumIodideInjection
Ph,.. _

Sodium Iodide
(Ph. Eur. monograph 0196)

Nal 149.9 7681-82-5

___________________ Ph,..

Sodium Lactate Solution
(Ph. Eur. monagraph,J151)

Action and use
Systemic alkalinising agent.

DEFINITION
Content
99.0 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
\Vhite or almost white, crystalline powder or colourless
crystals, hygroscopic.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent).

Ph,sr _

DEFINITION
Solution of a mixture of the enantiomers of sodium (2RS)-2­
hydroxypropanoate in approximately equal proportions.

Content
Minimum declared contentSO per cent m/m of sodium
(2RS)-2-hydroxypropanoate (C3H,Na03; M, 112.1);
96.0 per cent to 104.0 per cent of the contentof sodium
lactate stated on the label.
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_____________________ PhEW"

PhE" _

DEFINITION
Content
Minimum 50.0 per cent mlm of sodium (2S)-2­
hydroxypropanoare (C,H,NaO,; M, 112.1); 96.0 per cent to
104.0 per cent of the content of sodium lactate stated on the
label, not less than 95.0 per cent of which is the
(S)-enantiomer.

CHARACTERS
Appearance
Clear, colourless, slightly syrupy liquid.

ASSAY
Dissolve a quantity of the substance to be examined
corresponding to 75.0 mg of sodium lactate in a mixture of
10 mL ofglacial acetic acid R and 20 mL of ace,",
anhydride R. Allow to stand for 15 min. Add I mL of
naphtholbenze;n solution R and titrate with 0.1 .MperdJlon"c
acid.
1 mL of 0.1 kI perchlotic acid is equivalent to 11.21 mg of
C,H,NaO,.

LABELLING
The label Slates:

- where applicable, that the substance is suitable for use in
the manufacture of dialysis, haemodlalysis and
haemofiltration solutions;

- where applicable, that the substance is suitable for use in
the manufacture of parenteral preparations,

- the declared content of sodiwn lactate.

**** ** ** ****
Sodium (S)-Lactate Solution
(ph. Eur. monograph 2033)

aluminium-free or that will not release aluminium under the
conditions of use (glass, polyethylene, etc).

lvlodifier solution Dissolve 100.0 g of ammonium nitrate R in
a mixture of 4 mL of nimc add Rand 50 mL of water R and
dilute to 200 mL with waterR.
Blank solution Dilute 2.0 mL of the modifier solution to
25.0 mL with waterR.
Test solUllon To 5.0 g add 2.0 mL of the modifier solution
and dilute to 25.0 mL with waterR.
Reference solutions Prepare the reference solutions
immediately before use (0.010 ppm to 0.050 ppm of
aluminium) using alumim·um standard solution (200 ppm
AQR.
Source Aluminium hollow-cathode lamp.

Wavelength 309.3 om.

Atomisation device Graphite furnace.

Cartier gas argon R.
Conditions The device is equipped with a non-specific
absorption correction system. Heat the oven to 120°C for as
many seconds as there are microlitres of solution introduced
into the apparatus, then heat at 1000 °C for 30 s and finally
at 2700 "C for 6 s.

Iron (2.4.9)
Maximwn 10 ppm calculated with reference to sodium
lactate.

Dilute 5 mL of solution S to 10 mL with water R.

CHARACTERS
Appearance
Clear, colourless, slightly syrupy liquid.

Solubility
Miscible with water and with ethanol (96 per cent).

IDENTIFICATION
A. To 0.1 mL add 10 mL of waterR. 5 mL of the solution
gives the reaction of lactates (2.3.1).

B. It gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dilute a quantity of the substance to be examined
corresponding [0 40.0 g of sodium lactate to 200 mL with
distilled warer R.

Appearance of solution
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution BY? (2.2.2]
MethodII).

pH (2.2.3)
6.5 (0 9.0 for the substance to he examined.

Reducing sugars and sucrose
To 5 mL of the substance to he examined add 0.2 mL of
copper sulfate sdution Rand 2 mL of dilute sodium hydroxide
solution R. The solution is clear and blue and remains so on
boiling. Add to the hot solution 4 mL of hydrochlo,;c acid R.
Boil for I min. Add 6 mL of strong sodium hydroxid,
solution R and heat [Q boiling again. The solution is clear and
blue.

Methanol
Gas chromatography (2.4.24).

Limit:
- methanol: maximwn 50 ppm, calculated with reference to

sodium lactate, if intended for use in the manufacture of
parenteral preparations, dialysis, haemodialysis or
haemofiltration solutions.

Chlorides (2.4.4)
Maximum 50 ppm calculated with reference to sodium
lactate.

Dilute 5 mL of solution S to 15 mL with wat" R.

Oxalates and phosphates
To 1 mL of the substance to be examined add 15 rnL of
,thanol (96 per cenO Rand 2 mL of calcium chloride solution R.
Heat at 75°C for 5 min. Any opalescence in the solution is
not more intense than that of a standard prepared at the
same time and in the same manner using a mixture of 1 mL
of the substance to be examined, 15 mL of ethanol
(96 per cent) Rand 2 mL of waterR.

Sulfates (2.4.13)
l"iaximum':J.00 ppm calculated with reference to sodium
lactate.

To 7.5 mL of solution S, add 1.9 mL of hydrochlom acidRI
and dilute to 15 mL with distilled water R. The solution
complies with the test for sulfates without addition of 0.5 mL
of ace,", acid R. Acidify the standard solution with 0.05 mL
of hydrochloric acid RI instead of 0.5 mL of acetic acidR.

Aluminium
Maximum 0.1 ppm, if intended for use in the manufacrure of
parenteral preparations, dialysis, haemodialysis or
haemofiltration solutions.

Atomic absorption spectrometry (2.2.23, MethodI). For the
preparation of the solutions, use equipment that is
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Solubility
Miscible with wafer and with ethanol (96 per cent).

IDENTIFICATION
A. To 0.1 mL add IO mL of waterR. 5 mL of the solution
gives the reaction of lactates (2.3.1).

B. It gives reaction (a) of sodium (2.3.1).

C. It complies with the limits of the assay.

TESTS
Solution S
Dilute a quantity of the substance to he examined
corresponding {Q 40.0 g of sodium lactate to 200 mL with
distilled waterR.

Appearance of solution
The substance to be examined is clear (2.2.1) and not more
intensely coloured than reference solution BY7 (2.2.2J

Method II).

pH (2.2.3)
6.5 to 9.0 for the substance to he examined.

Reducing sugars and sucrose
To 5 mL of the substance to be examined add 2 mL of dl1ure
sodiumhydroxide sa/urion Rand 0.2 mL of copper sulfate
solution R. The solution is clear and blue and remains so on
boiling. Add to the hot solution 4 mL of hydrochloric acid R.
Boil for] min. Add 6 mL of strang sodium hydroxide
solution R and heat to boiling again. The solution is clear and
blue.

Methanol
Gas chromatography (2.4.24).

Limit:
- methanol: maximum 50 ppm, calculated with reference to

sodium lactate, if intended for use in the manufacture of
parenteral preparations, dialysis, haemodialysis or
haemofiltration solutions.

Chlorides (2.4.4)
Maximum 50 ppm calculated with reference to sodium
lactate.

Dilute 5 mL of solution S to IS mL with water R.

Oxalates and phosphates
To I mL of the substance to be examined add IS mL of
ethanol (96 per cent) Rand 2 mL of calcium chloride solution R.
Heat at 75°C for 5 min. Any opalescence in the solution is
not more intense than that of a standard prepared at the
same time and in the same manner using a mixture of I mL
of the substance to be examined, IS mL of ethanol
(96 percent) Rand 2 mL of waterR.

Sulfates (2.4.13)
Maximum 100 ppm calculated with reference to sodium
lactate.

To 7.5 mL of solution S, add 1.9 mL of hydrochloric acidRl
and dilute to 15 mL with disu'Ued waterR. The solution
complies wilh the limit test for sulfates without addition of
0.5 mL of acetic acid R. Acidify the standard solution with
0.05 mL of hydrochloric acid RI instead of 0.5 mL of acetic
acidR.

Aluminium
Maximum 0.1 ppm, if intended for use in the manufacture of
parenteral preparations, dialysis, haemodialysis or
haemofiltration solutions.

Atomic absorption spectrometry (2.2.23, Method I). For the
preparation of the solutions, use equipment that is
aluminium-free or that will not release aluminium under the
conditions of use (glass, polyethylene) etc).

Sodium Lactate II-937

J\tfodifier solution Dissolve 100.0 g of ammonium nitrate R in
a mixture of 50 mL of waterRand 4 mL of nitricacid R and
dilute to 200 mL with water R.

Blank SolUIII)1l Dilute 2.0 mL of the modifier solution to
25.0 mL with water R.
Test solution To 5.0 g add 2.0 mL of the modifier solution
and dilute to 25.0 mL with waterR.
Reference solutions Prepare the reference solutions
immediately before use (0.010 ppm to 0.050 ppm of
aluminium) using aluminium standardsolution
(200 ppm AQ R.
Source Aluminium hollow-cathode lamp.

Wavekngth 309.3 nm.

Atomisacion device Graphite furnace.

Carrier gas argon R.
Conditions The device is equipped with a non-specific
absorption correction system. Heat the oven to 120°C for as
many seconds as there are microlitres of solution introduced
into the apparatus, then heat at 1000 °C for 30 s and finally
at 2700 °C for 6 s.

Iron (2.4.9)
Maximwn 10 ppm calculated with reference to sodium
lactate.

Dilute 5 mL of solution S to 10 mL with water R.

ASSAY
Dissolve a quantity of the substance to be examined
corresponding to 75.0 mg of sodium lactate in a mixture of
10 mL ofglacialacetic acid Rand 20 mL of acetic
anhydride R. AUow to stand for 15 min. Add 1 mL of
naphtholbenzein solution R and titrate with O. I M pcrchloric
acid.

I mL of 0.1 M pcrchloric acid is equivalent to 11.21 mg of
C,H,NaO,.

(S)-enantiomer
Transfer a quantity of the substance to be examined
corresponding to 2.50 g of sodium lactate into a 50 mL
volumetric flask, dilute with about 30 mL of waterR and add
5.0 g of ammonium molybdate R. Dissolve and dilute with
warerR to 50.0 mL. Measure the angle of optical rotation
(2.2.7). Calculate the percentage content of (S}-enantiomer
using the expression:

(
5.0 50)50+ 24.04xax -;;; x ~

1% angle of optical rotation (absolute value);
m mass of the substance (0 be examined) in grams;

percentage content mJm of C]H;NaOJ in Ihe substance to be
examined.

The complex of sodium (S}-laetate formed under these test
conditions is Iaevorotatory.

LABELLING
The labelstates:
- where applicable, that the substance is suitable for use in

the manufacture of dialysis, haemodialysis and
haemofilttation solutions;

- where applicable, that the substance is suitable for use in
the manufacture of parenteral preparations;

- the declared content of sodium lactate.
_____________________ PhE"
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PhE" ~ _

DEFINITION
Mixture of sodiumN-acyl-N-methylglycinates, mainly
consisring of sodium N-Iauroyl-N-methylglycinate (sodium
[dodecanoyl(methyQamino]acetate).

A suitable chelating agent (e.g, edetic acid (EDTA» may be
added.

PRODUCTION
Sodium lauroylsarcosinate is typically obtained using the
reaction of lauroylchloride with sodium sarcosinate (sodium
N-methylglycinate) underaqueous alkaline conditions.
The production method is validated to ensure a limitof
maximum 0.1 per cent of free sodium sarcosinate.

CHARACTERS
Appearance
Whiteor almost whitepowder.

Solubility
Freely soluble in water giving a clear or slightly turbid
solution, sparingly soluble in ethanol 96 percent.

mp
About 145 'C.

IDENTIFICATION
A. Dissolve 0.1 gin 10 mL of water R andshake. Copious
foam is formed.
B. Examine the chromatograms obtained in the test for
composition of fatty acids.
Results The principal peakin the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (c).
C. Place0.5 g in a silica crucible and ignite in a muffle
furnace at 600 ± 25°C for 1 h. Allow to cool to room
temperature and dissolve the residue in 10 mLof waterR.
0.5 mLof the solutionobtained givesreaction (b) of sodium
(2.3./). Rub the inside of the tube to initiate the.j
precipitation.

TESTS
pH (2.2.3)
7.5 10 8.5.

Dissolve 3.0 g in carbon dioxide-free water R and dilute to
100 mL with the same solvent.

Composition of fatty acids
Gas chromatography (2.2.28): use the normalisation
procedure.
Testsolutw. (a) To 2.5 g in a 150 mL round-bottomed
flask add 30.0 mL of boron triflWJride-methanol solution R, fil a
reflux condenser and boil for 20 min. Add 120 mL of hot

10

10

20
20
40

100

100 -0 200

200 -0 230

230

230 -0 250

250

250

250

Temperature
rq

Composition (per cent fMn)

0-3

3· 13

13·19

19 - 29

29 - 31

31 - 40

Tim,
(min)

Mixture of the following substllnces

Meth.>lC6proa~R

MethylC6pry1gU R

Methyld«anoo.le R

MethyllalllUle R

Methyl myrisrate R

Column

Injection port

Detector

Column:
- material: fused silica;
- size: I = 30 m, 0 ::;: 0.25 nun;
- stationary phase: macrogol 20 000 R (film thickness

0.25 urn).

Carrier gas helium for chromatography R.
Spli, ratio 1:5.
Temperature:

water R so that the upper layer is brought into the neckof
the flask in orderto recover the methyl esters. Dissolve
0.50 g of the methyl esters in 10.0 mL of heptane R.
Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with heptane R.
Reference solution (a) Prepare 0.50 g of the mixture of
calibrating substances with the composition described in
Table 2542.-1, dissolve in heptane R and dilute to 50.0 mL
with the same solvent.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with heptane R. Dilute 1.0 mL of this solution 10

10.0 mL with heptane R.
Reference solution (c) To 0.5 g of sodium
lauroylsarcosinate GRS in a 25 mL round-bottomed flask, add
6.0 mL of boron trifluoride-methanol solution R, fit a reflux
condenserand boil for 20 min. Add 20.0 mL of hot waterR
so that me upperlayer is brought into the neckof the flask in
orderto recover the methyl esters. Dissolve 0.25 g of the
methyl esrers in 50.0 mL of heptane R.

Table 2542.-1. - Mix",re of calibrating substances

Detection Flame ionisation.
Injection I ~L
Identification of peaks Use the chromatogram obtained with
reference solution (a) to identify the peaks due 10 methyl .
caprylate, methyldecanoate, methyllaurate and methyl
myristate.
Systemsuitability:
- resolution: minimum 4.0 between the peaks due to methyl

caprylate and methyl decanoate in the chromatogram
obtainedwith reference solution (a);

- signal-to-noise ratio: minimum 20 for me peakdue to
methyllaurate in the chromatogram obtained with
reference solution (b).

Disregard any peak eluting after the peakdue to methyl
myristate, as well as any peakwith an area less than

**** ** ** ****

137-16-6293.4

Sodium Lauroylsarcosinate for
External Use
(Ph. Bur. monograph 2542)

Action and use
Surfactant.
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2022 Sodium Lauryl Sulfate II-939

Mx Vx58.44

mxJO

M molarity of the silver nitrate solution, in moles per litre;
V volume of 0.005 M silver"iaate used, in mL;
m mass of the substance to be examined. in grams.

grams;
m2 mass of the internal standard in the test solution, in grams;
(.110 ratio of the molecular mass of sodium laurate to that of lauric

acid (2221200).

Limit:
- sodium laurate: maximwn 5.0 per cent.

Sodium chloride
Maximum 0.5 per cent.

Dissolve 0.500 g in 50 mL of a mixture of equal volumes of
ethanol (96 percenQ R and waterR. Add 10 mL of niuic
add R and titrate with 0.005 M silver nitrate, detennining the
end-point potentiometrically (2.2.21J).

Calculate the percentage content of sodium chloride using
the following expression:

**** ** ** ****

Sodium Lauryl Sulfate1

Sodium Dodecyl Sulfate

Sodium Lauryl Sulphate

(Sodium Laurilsulfiue, Ph. Bur. monograph 0098)

Sodium dJXkcyI sulfate: 151-21-3

Action and use
Anionic emulsifying agent.

PhE" _

DEFINITION
.Mixture of sodium alkyl sulfates consisting mainly of sodium
dodecyl sulfate (C 12H"NaO.S; M, 288.4).

Content
- sodium alkyl sulfates: minimum 85.0 per cent) expressed as

C12H,,NaO.S.

.CHARACTERS
Appearance
White or pale yellow, powder or crystals.

Solubility
Freely soluble in water giving an opalescent solution, partly
soluble in ethanol (96 per cent) .•

IDENTIFICATION
Firstidentification: A, B, C.

OSuond identification: B, C, D.O

A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium lauri/sulfat< CRS.
B. Place 25 g in a silica or platinwn crucible and add 2 mL
of a 500 gIL solution of sulj'rnU. acidR. Heat on a water-bath,
then cautiously raise the temperature progressively over an
open flame. Ignite, preferably in a muffle furnace, at
600 ± 25 °C. Continue heating until aU hlack particles have
disappeared. Cool, add a few drops of a 100 gIL solution of
sulfun'c acidR, and heat and ignite as above. Add a few drops
of ammonium carbonate solution R, evaporate to dryness, and
ignite as above. Cool, dissolve the residue in 50 mL of
waterR and mix. To 2 mL of this solution add 4 mL of
potassium pyroantimonate solution Rl. H necessary, rub the
inside of the test-tube with a glass rod. A white, crystalline
precipitate is formed.

C. Prepare a 100 gIL solution. After acidification with
hydrochloric acidR and boiling for 20 min, no precipitate is
formed. Add a 120 gIL solution of barium chloride R; a white
precipitate is produced.

OD. Dissolve 0.1 gin 10 mL of waterR and shake. A copious
foam is formed.O

A, X"" x 1.110 x 100

A2 x ml

area of me peak due to methyl laurate in the chromatogram
obtained with the test solurion;
area of the peak due to methyl undecanoete in the
chromalogram obtained with the test solution;
mass of the substance to be examined in the test solution, in

A,

A,

m,

0.05 per cent of the total area of the peaks used for
quantification.

Composition of the[auy-acidfraction 0/the substance Test
solution (a):
- capric acid: maximum 0.5 pel cent;
- lauric acid: mlnimum sa.e per cent;
- myristic acid: maximum 1.5 per cent.

Sodium laurate
Proceed as described in me test for composition of fatty acids
with the following modifications.

Internal standard undecanoic acidR.
Test solution To 2.5 g in a 150 mL round-bottomed flask
add 0.100 g of the internal standard. Add 30.0 mL of boron
tnjluoride-methanol solution R, fit a reflux condenser and boil
for 20 min. Add 120 mL of hot waterR so that the upper
layer is brought into the neck of the flask in order to recover
the methyl esters. Dissolve 0.50 g of the methyl esters in
10.0 mL of heptane R.
Calculate the percentage content of sodium laurate using the
following expression:

Sodium sulfate
Maximum 1.5 per cent.

Test solution In a 150 mL borosilicate-glass beaker, dissolve
0.3 g in 20 mL of deWnised distilled water R. Add 0.3 mL of
naphtharson solution Rl, 1.0 mL ofperchloric acidRand
70.0 mL of 2-prapanol R.

Degas the solution obtained under vacuum for 30 s or using
an ultrasonic bath for 2 min, then titrate with 0.005 M
barium perchlorate.

Determine the end-point using a suitable autotitrator
equipped with a photometric sensor at 523 nm and at 25 °C.
Adjust the stirrer speed to avoid the fonnation of bubbles.

I mL of 0.005 M bariwn perchlorate is equivalent to
0.7102 mg of Na,SO•.
_____________________ PhE"

TESTS
Alkalinity
Dissolve 1.0 g-in 100 mL of carbon dioxide-free waterR and
add 0.1 mL of phenol red sohaion R. Not more than 0.5 mL
of 0.1 M hydrochloric acidis required to change the colour of
the indicator.

Non-esterified alcohols
Maximum 4.0 per cent.

Dissolve 10.0 g in 100 mL of water R, add 100 mL of ethanol
(96 percenQ R and shake the solution with 3 quantities, each
of 50 mL, of lightpetroleum R, adding sodium chloride R, if
necessary, to promote separation of the 2 layers. Wash the

I ThismQtlograph has undergtme pharmacopoeial harmonisation.
See chapter 5.8 PhamJacopoeial harmonisation.
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____________________ PIIE"

**** ** ** ****

CHARACTERS
Appearance
White or almostwhite) crystalline powder or colourless
crystals.

Solubility
Freely soluble ln. water) slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
A. pH (see Tests).

B. To 0.4 mL of iodinated potassium iodide solution R add
8 mL of d~tilledwaterR and I mL of solution S diluted I to
lOin distilled waterR. The solution is colourless and gives
reaction (a) of sulfates (2.1.1).

C. Solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waler R prepared from
distilled waler R and dilute to 100 mL with the same solvent.

Appearance of soludon
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.1)
3.5 to 5.0 for solution S.

Thlosulfutes
To 5 mL of solution S add 5 mL of dilute hydrochloric acidR.
The solution remains clear (2.2.1) for at least 15 min.

Iron (2.4.9)
Maximum 20 ppm) determined on solutionS.

ASSAY
Dissolve 0.200 g in 50.0 mL of 0.05 M iodine and add 5 mL
of dilute hydrochlori< acidR. Titrate the excess of iodine with
0.1 M sodium thiosulfate using 1 mL of starch solution R)
added towards the end of the titration, as indicator.
I mL of 0.05 M iodin' is equivalent to 4.753 mg of Na,S,O,.

STORAGE
Protected from light.

Sodium Methyl Hydroxybenzoate
Sodium Methylparaben

(Sodium Methyl Parahydroxybenzoate, Ph. Eur. monograph
1262)

combined organic layers with 3 quantities, each of 50 mL, of
water R, dry over anhydrous sodium sulfate R, filter and
evaporate on a water-bath until the solventhas evaporated.
Heat the residue at 105°C for 30 min and coot. The residue
weighs a maximum of 0.4 g.

Sodium chloride and sodium sulfate
Maximum 8.0 per cent for the totalpercentage content.
Sodium chloride Dissolve 5.00 g in 50 mL of waterR, add
dilutenitric (U;id R dropwise, if necessary, until the solution is
neutral, and add 5.0 mL of a 5.84 gIL solutionof sodium
chloride R. Titrate with 0.1 M silver nitrate, while stirring
vigorously to disperse the silverchloride, using 0.1 mL of a
2 gIL solution of soclium fluoresceinate R as indicator, (0 the
first appearance of turbidity with solution colour change from
yellow-green to orange through yellow. Perform a blank
determination.

1 mL of 0.1 M silvernitrate is equivalent to 5.844 mg of
NaCI.

Sodium suI/ate Dissolve 1.00 g in 10 mL of waterR, add
100 mL of ethanol (96 per ron) R and heat at a temperature
just below the boiling point for 2 h. Filter while hot through
a glassor porcelain filter with a porosity of 4-10 urn and
wash with 100 mL of boiling ethanol (96 percen,) R. Dissolve
the precipitate by washing with J50 rnLof waterR) collecting
the washings in a beaker. Add 10 mL of dilute hydrochloric
acid R, heat to boiling, add 25 mL of a 120 gIL solution of
ban"um chloride Rand aUow to standovernight. Collect the
precipitate by filtration (maximum poresize 16 urn) and
wash with water R until the last washing shows no
opalescencewith 0.1 Atl siiuer nitrate. Dry the precipitate)
ignite to constant mass at 500-600 °C by raising the
temperature gradually) and weigh as barium sulfate.
I mg of barium sulfate is equivalent to 0.609 mg of Na,sO•.

ASSAY
Dissolve 1.15 g in waterR) warming if necessary) and dilute
to 1000.0 mL with the same solvent. To 20.0 mL of the
solution add 15 mL of methyle". chloride Rand 10 mL of
dimidium bromide-sulfan blue mixedSolUlion R and mix. Titrate
with 0.004 M benzethonium chloride, shaking vigorously and
allowing the layers to separate beforeeach addition) until the
pink colour of the methylenechloride layer is completely
discharged and a greyish-blue colour is obtained.
I mL of O.OO4.M benzethonium chloride is equivalent to
1.154 rng of sodium alkyl sulfates) expressed as
C IzH25Na04S,
______~ PIlE"

PIlE" _

Sodium Metabisulfite
Sodium Metabisulphite

Sodium Pyrosulphite

(Ph. Eur. monograph 0849)

Na,s,O, 190.1

Action and use
Antioxidant.

7681-57-4

CsH,NaO,

Action and use
Antimicrobial preservative.

174.1 5026-62-0

PIlE" _

DEFINITION
Sodium metabisulfite also calledsodium dlsulfite.

Content
95.0 per cent to 100.5 per cent.

DEFINITION
Sodium 4-(methoxycarbonyl)phenolate.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).
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CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Freely soluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
Fine identification: B, D.
Second identification: A, C, D.
A. Dissolve 0.5 g in 50 mL of waterR. Immediately add
5 mL of hydrochloric acid RI. Filter and wash the precipitate
withwater R. Dry invacuo at 80 °C for2 h. The precipitate
melts (2.2.14) at 125 "C to 128 "C.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Precipitateobtained in identification test A.
Comparison methylparahydroxybenzoate CRS.

C. Thin-layer chromatography (2.2.27).

Test solution (a) Dissolve 0.10 g of the substance to be
examined in 10 mL of waterR. Immediately add 2 mL of
hydrochloric acid R and shake with 50 mL of I,I-dimethyklhy/
methylether R. Evaporate the upper layer to dryness and take
up the residue with 10 mL of aceume R.
Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with aceume R.
Reference solution (a) Dissolve 10 mg of methyl
parahydroxybenzoace CRS in acetone Rand dilute to 10 mL
withthe samesolvent.
Reference solution (b) Dissolve 10 mg of ethyl
parahydroxybenzoate CRS in 1 mL of test solution (0) and
dilute to 10 mL with acetone R.
Plate TLC octade<ylsilyl silica gelFm plateR.

Mobile phase glacial acetic acid R, water R, methanol R
(1:30:70 VIVII').

Application 5 JlL of test solution (b) andreference
solutions (a) and (b).

Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
System suitability Reference solution (b):

- the chromatogram shows2 clearly separated principal
spots.

Results The principal spot in the chromatogram obtained
with test solution (b) is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

D. To I mL of solution S (see Tests) add I mL of waler R.
The solution gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR prepared from
distilled waterR and dilute to 50 mL with the samesolvent.

Appearance of solution
Solution S examined immediately after preparation is clear
(2.2.1) and not more intensely coloured than reference
solution BY. (2.2.2, Method 11).

pH (2.2.3)
Dilute I mL of solution S to 100 mL with carbon dioxide-free
'Water R. The pH of the solution is 9.5 to 10.5.
Related substances
Liquid chromatography (2.2.29).

Sodium Methyl Hydroxybenzoate 11-941

Testsolution Dissolve 50.0 mg of the substance to be
examined in 2.5 mL of methanol R and dilute to 50.0 mL
with the mobilephase. Dilute 10.0 mL of the solution to
100.0 mL with the mobile phase.

Reference solution (a) Dissolve 5 mg of 4-hydroxybenzoic
acid R (impurity A) and 5 mg of the substance to he
examined in the mobilephase and dilute to 100.0 mL with
the mobile pbase. Dilute 1.0 mL of the solution to 10.0 mL
with the mobile phase.

Reference solution (b) Dissolve 50.0 mg of methyl
parahydroxybenzoate CRS in 2.5 mL of methanol R and dilute
to 50.0 mL with the mobile phase. Dilute 10.0 mL of the
solution to 100.0 mL with the mobilephase.
Reference solution (c) Dilute 1.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Column:
- size: 1= 0.15 m, 0 = 4.6 mmj
- srationary phase: end-capped ocradecylsilyl silica gelfor

chromatography R (5 urn).

Mobilephase 6.8 gfL solution of patassium dihydrogen
phosphate R, methanolR (35:65 VII').

Flow rate 1.3 mllmin.

Detection Spectrophotometer at 272 om.

Injection 10 J1L of the test solution and reference
solutions (a) and (c).

Run time 5 times the retention timeof methyl
pasahydsoxybenzoate.

Relativeretention Withreference to methyl
parahydroxybenzoate (retention time = about 2.3 min):
impurity A = about 0.6.

System suitabt7ity Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity A and methyl parahydroxybenzoate.

Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 1.4;
- impun·ty A: not more than6 times the area of the

principal peak in the chromatogram obtained wkh
reference solution (c) (3.0 per cent);

- unspecified impurities: for each impurity, not morethan the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.5 per cent);

- sum of impurities other thanA: not more than twice the
area of the principal peakin the chromatogram obtained
with reference solution (c) (1.0 per cent);

- disregard limit: 0.2 timesthe area of the principal peak in
the chromatogram obtained withreference solution (c)
(0.1 per cent).

Cltlorldes (2.4.4)
Maximum 35q ppm.

To 10 mL of solution S, add 30 mL of waterR and I mL of
nitricacid R and dilute to 50 mL withwaterR. Shake and
filter. Dilute 10 mL of the filtrate to 15 mL with waterR.
Prepare the standard using 14 mL of chloride standard solution
(5 ppm CD R to which I mL of waterR has been added.

Sulfates (2.4.13)
Maximum 300 ppm.

To 25 mL of solution S, add 5 mL of disrakd waterRand
10 mL of hydrochloric acid R and dilute to 50 mL with
distilled walerR. Shake and filter. Dilute 10 mL of the filtrate
to 15 mL with distilled waterR.
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II-942 Sodium Molybdate Dihydrate 2022

Water (1.5.11)
Maximum 5.0 per cent, determined on 0.500 g.

ASSAY
Liquid chromatography (1.1.19) as descrihed in the test for
related substances with the following modification.
Injection Test solution and reference solution (b).

Calculate the percentage content of CgH7NaOj using the
declared content of methylparahydroxybenzoase CRS and
multiplying by a correction factor of 1.145.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A.
Ower delectable impurities (thefollowing substances would, if
presenc at a sujficif!nl leveJJ be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cntetion for other/unspecified impun"ties and/orby thegeneral
mQtlograph Substances for pharmaceuticaluse (1034). It is
therefore not necessary zc identify these impurities for
demonstration of compliance. Seealso 5.1a ConlTOi of impurities
in substances for pharmaceutical use) H, OJ D.

A. 4-hydroxybenzoic acid,

B. ethyl4-hydroxybenzoate (ethyl parahydroxybenzoate),

o

d
~CH3

I 0

HO "'"

C. propyl 4-hydroxybenzoate (propyl parahydroxybenzoate),

D. butyl 4-hydroxybenzoate (butyl parahydroxybenzoate).
___________________~ PhE,;

Solubility
Freely soluble in water.

IDENTIFICATION
A. Loss on drying (see Tests).

B. Dissolve 0.2 g in 5 mL of a mixture of equal volumes of
nitricadd R and water R and add 0.1 g of ammonium
chloride R. Add 0.3 mL of disodium hydrogen phosphate
solution R and heat slowly at 50-60 "C. A yellow precipitate is
formed.

C. Dissolve 0.15 g in 2 mL of waterR. The solution gives
reaction (a) of sodium (1.3.1).

TESTS
Soludon S
Dissolve 5.0 g in waterR and dilute to 50 mL with the same
solvent.

Appearance of solution
Solution S is clear (1.1.1) and colourless (1.1.1, Method ll).

Chlorides
Maximum 50 ppm.

To 10 mLof a mixture of equal volumes of nitric acidRand
water R add 10 mL of solution S with shaking. Add I mL of
0.1 M silvernitrate. Any opalescence in the solution is not
more intense after 5 min than that of a standard solution
prepared at the same time in the same mannerwith 10 mL
of chloride standard solution (5 ppm CI) R.

Phosphates
Maximum 200 ppm.

Dissolve 2.0 g by heating in 13 mL of waterR. In the still­
hot solution,dissolve 8.0 g of ammonium nitrate Rl. Add this
solution (0 27 mL of a mixture of equal volumes of mine
add R and waterR. Any yellowcolour or opalescence in the
solution is not more intensewithin 3 h than that in a
standard solutionprepared at the same time in the same
manner as follows: dissolve 1.0 g in 12 mL of waterRand
add I mL ofphosphate standard solution (100 ppm PO.,) R.

Ammonium (2.4.1, Method lJ)
Maximum 10 ppm, determined on 0.10 g.

Prepare the standard using 1 mL of ammonium standard
solulion (l ppm NH.,) R.

Loss on drying (1.1.31)
14.0 per cent to 16.0 per cent, determined on 1.000 g by
drying in an oven at 140°C for 3 h.

ASSAY
Dissolve 0.100 g in 30 mL of waterR, add 0.5 g of
hexamethylenetetramine Rand 0.1 mLof a 250 gILsolution of
ninic acid R. Heat to 60 "C. Titrate with 0.05 M leadnitrate
using 4-(2-pyn"dyfazo)resorcinol monosodium saltR as indicator.

I mL of 0.05 M lead nitrare is equivalent to 10.30 mg
of MoNa20t.
___________________ PhE«

**** ** ** ****
10101-40-6

Sodium Molybdate Dihydrate
(ph. Eur. monograph 1565)

MoNa,O,,2H,O 241.9
PhE« _

DEFINITION
Content
98.0 per cent to 100.5 per cent (dried substance).

CHARACfERS
Appearance
White or almost white powder or colourless crystals.
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2022 Sodium Nitroprusside II-943

PhE" ~ _

ASSAY
Dissolve 0.400 g in 100.0 mL of waterR. Introduce 20.0 mL
of the solution,while stirring continuously and keeping the
tip of the pipette below the surface of the liquid, into a
conical flask containing 30.0 mL of 0.1 M cerium sulfate.
Immediately stopperthe flask and allow to stand for 2 min.

DEFINITION
Content
98.5 per cent to 100.5 per cent (dried substance).

CHARACTERS
Appearance
Colourless crystals or mass or yellowish rods, hygroscopic.

Solubility
Freely soluble in water, soluble in ethanol (96 per cent).

IDENTIFICATION
A. Dilute I mL of solution 81 (see Tests) to 25 mL with
waterR. To 0.1 mL of me solution add 1 mL of sulfanilic
acid solution R1. Allow to stand for 2-3 min. Add I mL of
p-naph'hol solution R and I mL of dilllte sodium hydroxide
solution R. An intense red colour develops.
B. To {mL of the solution prepared for identification test A
add 3 mL of a 20 gIL solution of phenazoneRand 0.4 mL of
dilute sulfunc acid R. An intense green colour develops.

C. To 0.15 mL of solution 81, add 0.35 mL of wa'erR.
The solution gives reaction (b) of sodium (2.3.1).

TESTS
Solution 81
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50 mL withthe same solvent.

Solution 82
Dissolve 3 g in distilled water R. Cautiously add 10 mL of
nitric add R and evaporate to dryness. Dissolve the residue in
10 mL of distilled waterR, neutralise with dilute sodium
hydroxide solution R and dilute to 30 mL with dis'illed waterR.

Appearance of solution
Solution Sl is clear (2.2.1) and not more intensely coloured
than reference solution B6 (2.2.2, Method If).

Acidity or alkalinity
To 10 mL of solution 81, add 0.05 mL of phenol red
sdution R. Add 0.1 mL of 0.01 M sodium hydroxide.
The solution is red. Add 0.3 mL of O. 01 M hydrochloric acid.
The solution is yellow.

Chloride. (2.4.</)
Maximum 50 ppm.

Dilute 10 mL of solution S2 to 15 mL with water R.
Sulfate. (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solution 82 to 15 mL with distilled waterR.

Lo•• OD drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
vactw.

**** ** ** ****
13755-3~9

(ph. Ellr. monograph 0565)

Na,[Fe(CN);(NO)],2H,O 298.0

Sodium Nitroprusside

Action and use
Vasodilator.

Preparation
Sodium Nitroprusside Infusion

PhE" _

DEFINITION
Sodium pentacyanonitrosylferrate (llI) dihydrate.

Content
99.0 per cent to 100.5 per cent (anhydrous substance).

CHARACTERS
Appearance
Reddish-brown powder or crystals.

Solubility
Freelysoluble in water, slighdysoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 0.700 g in walerR and dilute to
100.0 mL with the same solvent.Examine the solution
immediately after preparation.
Spectral range 350-600 run.

Absorption maximum At 395 ron.

Shoulder At about 510 nm.
Absorption minimum At 370 nm.
Specific absorbance at the absorption maximum 0.65 to 0.80.

B. Dissolve about 20 mg in 2 mL of waterR and add 0.1 mL
of sodium sulfide solution R. A deep violet-red colour is
produced.
C. Dissolve 50 mg in I mL of wa'er R and acidify the
solution by the addition of hydrochloric acidR. Place a drop
of the solution in an oxidisingflame. A persistent yellow
colouris produced.

TESTS
InsolubJe matter
Maximum 100 ppm.
Dissolve 109 withoutheating in 50 mL of waterR. Allow to
standfor 30 min and filter through a sintered-glass filter (16)
(2.1.2). Wash the filter with cold waterR until the filtrate is
colourless. Dry the residue on the filter at 105°C.
The residue weighs a maximum of 1 mg.

Add 10 mL of a 200 gIL solution of potassium iodide Rand
2 mL of starch solution R.
Whilestirring continuously, titrate with 0.1 M sodium
thiosulfate until the blue colour disappears. Carry out a blank
titration.
1 mL of 0.1 1\-1 cerium sulfate is equivalent to 3.45 mg of
NaNO,.

STORAGE
In an airtight container.
____________________ PhE"

7632-00-0

(Ph. Ellr. monograph 1996)

NaNO, 69.0

Sodium Nitrite

Action and use
Used in treatment of cyanidepoisoning.
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11-944 Sodium Perborate

CWorides (2.4.4)
Maximum 200 ppm.

In a metallic crucible (nickel) mix 1.0 g with 8 mL of a
200 gIL solution of sodium hydroxide R. Heat slowly and
evaporate carefully to dryness over a small flame, then heat
to a dull red colour for 30 min. Allow to cool and transfer
the solid residue with 3 quantities, eachof 8 mf., of dilute
sulfuric add R. Filterthe sulfuric acid extracts on a filter
paper and collect the filtrates. Render the filtrate acid 10 blue
litmus paper R by adding, if necessary, a few drops of dilute
su/furic acidR. Wash the crucible and the filter paper with
3 quantities, eachof 10 mL, of waterR, add the washings to
me main sulfuric acid solution and dilute to 60 mL with
water R. Mix.

Ferricyanldes
Maximum 200 ppm.

Dissolve 1.25 g in acetate buffer solution pH 4.6 R and dilute
to 50.0 mL with the same buffer solution. Use three 50 mL
volumetric flasks (A, B, C). To flask B add 1.0 mL of
ferricyanide standard solution (50 ppm Fe(CN).J R. To flasks A
and B add I mL of a 5 gIL solution of ferrous ammonium
sulfate R. To the 3 flasks add 10.0 mL of the solution of the
substance to be examined. Dilute me contents of eachflask
to 50.0 mL with waterR. Allow to stand for30 min.
The absorbance (2.2.25) of the solution in flask A measured
at 720 run using the solution in flask C as the compensation
liquidis not greater than the absorbance of the solution in
flask B measured at 720 nm using the solution in flask A as
the compensation liquid.

Ferrocyanides
Maximum 200 ppm.

Dissolve4.0 g in water R and dilute to 100.0 mLwiththe
samesolvent. Use three 50 mL volwnetric flasks (A, B, C).
To flask B add 2.0 mL of ferrocyanide standard solution
(100 ppm Fe(CNJ.J R. To flasks A and B add I mL offeme
chloride soiuuon R2. To the 3 flasks add 25.0 mL of the
solution of the substance to be examined. Dilute the contents
of each flask to 50.0 mL with wOter R. Allow to stand for
30 min. The absorbance (1.2.15) of the solution in flask A
measured at 695 om using the solution in flask C as the
compensation liquid is not greater than the absorbance of the
solution in flask B measured at 695 run usingthe solution in
flask A as the compensation liquid.
Sulfates
Maximum 100 ppm.

Tes< solution Dissolve 3.6 g in 120 mL of distiUed water R,
add with mixing 4 mL of sulfate standard solution (l0 ppm
SO<i R and 20 mL of a 250 gIL solution of cupric chloride R
and dilute to 150.0 mL with distilled water R. Allow to stand
for 16 h and filter or centrifuge until a clear light-blue
solution is obtained.
Reference solution To 40 mL of sulfate standard solution
(10 ppm SO<i R add 80 mL of distilled water Rand
12-13 mL of a 250 gIL solution of cupric chloride R. Dilute to
150.0 mL with distilled waterR. The volume of cupric
chloride solution added is such that the colour of the final
solution matches thatof the test solution.
Allowthe solutions to stand. Filterboth solutions) discarding
the first 25 mL of filtrate. To 100 mL of each filtrate, add
0.5 mL of acetic acidR. Mix and add 2 mL of a 250 gIL
solution of ban·um chloride R and mix again. The test solution
is not moreopalescent than the reference solution.

Water (2.5.12)
9.0 per cent to 15.0 per cent, determined on 0.250 g.

2022

ASSAY
Dissolve 0.250 g in 100 mL of water R and add 0.1 mL of
dilute sulfuric acid R. Tin-ate with 0.1 M silvernitrate,
determining the end-point potentiometrically (2.2.10).

1 mL of 0.1 ,'\-1 silvernitrate is equivalent to 13.10 mg
of Na,[Fe(CNJs(NO)].

STORAGE
Protected from light.
__________________ ""61

Sodium Perborate
(Hydrated Sodium Petborate, Ph. Bur. monograph
1997)

.3""0

NaBO,,4H,O or NaBO"H,O,,3H,O 153.9

Action and use
Antiseptic.

""E" _

DEFINITION
Content
96.0 per cent to 103.0 per cent.

CHARACTERS
Appearance
Colourless) prismatic crystals or white or almost white
powder, stable in the crystalline Conn.

Solubility
Sparingly soluble in water, with slow decomposition.
It dissolves in dilutemineral acids.

IDENTIFICATION
A. Dissolve 20 mg in a mixture of I mL of dl1uu su/furic
acidR and I mL of water R. Add 1 mL of potaSsium iadide
solution R. A reddish-brown colour appears.
B. The mixture obtained by treating about 100 mg with
0.1 mL of su/furic acidRand 5 mL of mesbano; R bums with
a greenish flame when ignited.
C. It gives reaction (a) of sodium (2.3.1).

TESTS
CWorides (1.4.4)
Maximum 330 ppm.

Dissolve 0.15 g in 15 mL of water R.

Sulfates (2.4.13)
Maximum 1.2 per cent.
Dissolve 0.13 g in 150 mL of distiUed water R.

Iron (1.4.9)
Maximum 20 ppm.

Dissolve 2.5 g in 10 mL of dl1ute hydrochloric acidR with
heating, evaporate to dryness, with stirring, and dissolve 'the
residue in 25 mL of hot water R. Dilute 5 mL of the
obtained solution to 10 mL with water R.

ASSAY
Dissolve 0.300 g in 50.0 mL of water R. Dilute 10.0 mL of
the solution to 50 mLwithwaterR and add 10 mL of dJ1uu
su/fun·c acidR. Titrate with 0.02 M potassium pennanganate.
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2022 Sodium Phenylburyrate II-945

____________________ ""E'"

1 mL of 0.02 Arl potassium permanganate is equivalent to
7.693 mg ofNaH.BO,.

STORAGE
In an airtight container.

Reference solution (c) Dissolve 10 mg of the substance to be
examined in 25 mL of waterR. To 3 mL of this solution add
0.1 mL of hydrochloric acidR. Extract with 2 quantities, each
of 5 mL, of methylene chloride R. Combine the methylene
chloride extracts in a vial with a screw cap and add 2 mL of
reference solution (a). Evaporate to dryness and add 0.5 mL
of the silylation solution. Seal the vial and heat at 70 ± 5 °C
for 20 min.

Column:
- material: fused silica;
- size: 1= 25 m, 0 = 0.25 mm;
- stationary phase: pheny/(5)meth:,1(95)po/ysiloxane R (film

thickness 1.0 um).

Carrier gas helium for chromatography R.

Flow rate 0.9 ml.rmin.

Split ratio I: 100.

Temperature:1716-12-7186.2

~ONa

V (,

(ph. Bur. monograph 2183)

Sodium Phenylbutyrate

Action and use
Glutamine conjugate, treatment of hyperarnmonaemia.

Time
(mln)

Temperature
Cq

Detection Flame ionisation.

Injection I ~L.

Relativeretention With reference to phenylbutyrate
(retention time = about 20 min): impurity C = about 0.98.

System suitability Reference solution (c):
- resolution: minimum 3.0 between the peaks due to

impurity C and phenylbutyrate,

Limit:
- impuniy C: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (h) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.20 g of the substance to be
examined in 10 mL of methanol R and dilute to 50.0 mL
with waterR.
Reference solution (a) Dissolve 4.0 mg of a-tetralone R
(impurity B) in 10 mL of methanol R and dilute to 200.0 mL
with the same solvent.

Reference solution (b) Dissolve 0,20 g of the substance to be
examined in 10 mL of methancl RJ add 1 mL of reference
solution (a) and dilute to 50 mL withwaterR.
Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with waterR.
Reference solution (d) Dissolve 5.0 mg of 3-benzoy/propionic
acidR (impurity A) in 2.5 mL of methanol R and dilute to
50.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 50.0 mL with waterR.

Column:
- size: / = 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deaaiuated end-capped octadecylsay/

silica gelfor chromatography R (5 urn).

lHobile phase glacial acetic acid R, methanol R, waterR
(1:49:50 VIVIV).

Flow rate 1.3 mUmin.

Detection Spectrophotometer at 245 run.

""E'" _~_~ _

DEFINITION
Sodium 4-phenylbutanoate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish-white powder.

Solubility
Freely soluble in water and in methanol, practically insoluble
in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.2if).

Comparison sodium phenylhutyrate CRS.

B. Dissolve 0.15 g in 2 mL of waterR. The solution gives
reaction (a) of sodium (2.3.1).

TESTS
pH (2.2.3)
6.5 to 7.5.

Dissolve 0.20 g in carbon dioxide-free waterR and dilute to
10 mL with me same solvent.

ImpurityC
Gas chromatography (2.2.28).

Silylation solution To 2 mL of N,O-bis(trimethylsilyl)
trijluoroacetamide R add 0.04 mL of chlorotrimethylsiJane Rand
mix.

Test solution Dissolve 50.0 mg of the substance to be
examined in 3 mL of waterR and add 0.5 mL of hydrochloric
acidR. Extracl: with 2 quantities, each of 5 mL, of methylene
chloride R. Evaporate the combined methylene chloride
extracts to dryness in a vial with a screw cap and add 0.5 mL
of the silylation solution. Seal the vial and heat at 70 ± 5 'C
for 20 min.

Reference solution (a) Dissolve 5.0 mg of sodium
phenylhutyrate impurity C CRS in methylene chloride R and
dilute to 10.0 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with methylene chloride R. Place 1.0 mL of this
solution in a vial with a screw cap, evaporate to dryness and
add 0.5 mL of the silylation solution. Seal the vial and heat
at 70 ± 5 'C for 20 min.

Colwnn

Injection pan

Detector

0-5

5 - 27

27 - 32

50

50 ~ 270

270

270

270
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11-946 Sodium Picosulfate 2022

PhE" _

Action and use
Stimulant laxative.

Preparations
CompoundSodium Picosulfare Powderfor Oral Solution
Sodiwn Picosulfate OralSolution

**** ** *
*****

H,O

(Ph. Eur. monograph 1031)

Sodium Picosulfate

C,.H,,NNa,OsS,,H,O 499.4

DEFINITION
4,4'-[(Pyridin-2-yl)methylene)diphenyl bis(sodium sulfate)
monohydrate.

Content
98.5 per cent (0 100.5 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white,crystalline powder.

Solubility
Freelysolublein water, slightly soluble in
ethanol (96 per cent).

IDENTIFICATION
First identification: A, D.
Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison 'odium picosul/ate CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in methanol R and dilute to 5 mL with the same
solvent.
Reference 'olution Dissolve 20 mg of sodium picosulfate CRS
in methanol R and dilute to 5 mL with the same solvent.
Plate TLC silica gelGF254 plate R.
Mobile phase anhydrous fonmc acidR, waterR, methanol R,
erhy/ acetate R (2.5:12.5:25:60 VIVIVW).

Application 5 ~L.

Development Over 1/2 of the plate.

Drying In a current of warm airfor 15 min.
Detection Examine in ultraviolet lightat 254 nrn.
Results The principal spot ln. the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with the
reference solution.
C. To 5 mL of solution S (see Tests) add I rnL of dilute
hydrochlori< acid R and heat to boiling. Add I mL of barium
chloride solution RI. A white precipitate is formed.
D. Solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR prepared from
distilled walerR and diluteto 50 mL with the same solvent.

Injection 20 J.lL of the [est solution and reference
solutions (b), (c) and (d).

Run time Twice the retention time of phenylbutyrate.

Relative retention With reference to phenylbutyrate
(retention time = about 17 min): impurity A = about 0.3,;
impurity B =about 0.7.

System suitability Reference solution (b):
- resolution: minimum 6 between the peaks due to

impurity Band phenylbutyrate.

Limits:
- impun"'Y A: not more than twice the area of the

corresponding peakin the chromatogram obtained with
reference solution (d) (0.1 per cent);

- impurity B: not more than the area of the corresponding
peak in the chromatogram obtained withreference
solution (c) (0.01 per cent);

- unspecified imptmnes: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (d) (0.05 per cent);

- total: not more than twice me area of the principal peak In
the chromatogram obtained withreference solution (d)
(0.1 per cent);

- disregard limil of impuruies other than B: 0.6 timesthe area
of the principal peak in the chromatogram obtained with
reference solution (d) (0.03 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 2.00 g.

ASSAY
Disperse 0.150 g in 50 rnL of anhydrous acetic acidR.
The opalescence of the solution disappears during the
titration. Titrate with 0.1M percbloric acid, determining the
end-point potentiometrically (2.2.20).

I rnL of 0.1M perchloric acid is equivalent to 18.62 mg
of CIOHIINaOz.

IMPURITIES
Specified impurities A, B, C.

ex;
o

A. 4-oxo-4-phenylbutanoic acid (3-benzoylpropionic acid),

B. 3,4-dihydronaphthalen-I(2H)-one (o-terralone),

C. -l-cyclohexylbutanoic acid.
____________________ PhE"
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2022 Sodium Picosulfate II-947

____________________ POE",

B. 4,4'-[(Pyridin-2-yl)methylene]diphenol,

OH
HO ""

HO~()O'S'ONaI I H
~ ..,~ 00

H andenanliomer

N'"
">.1

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute 5 mL of solution S to IS mL withwaterR.

Sulfates (2.4.13)
Maximum 400 ppm.

Dilute 7.5 mL of solution S to 15 mL with dis.'lled water R.

Water (2.5.12)
3.0 per cent to 5.0 per cent, determined on 0.500 g.

ASSAY
Dissolve 0.400 g in 80 mL of methanol R. Titrate with 0.1 M
perchlomacid, determining the end-point potentiometrically
(2.2.21J).

I mL of 0.1 M perchloric acidis equivalent to 48.14 mg of
CI8Hl~a208S2'

IMPURITlliS
Specified imputiues A, B.
Otherdete<table impurities (lhe following substances would, if
present at a sufficient level, be detected by one or other0/the tests
in the monograph. They an' limitedby the general acceptance
criterion for o'hrrlunspecified impurities andlor /ry thegeneral
monograph Substances for phannaceutical use (2034). 1, is
therefore not necessary to identify these impun'u"es for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) C.

A. 4-[(RSJ-(4-hydtoxyphenyl)(pyridin-2-yl)methyl]phenyl
sodiumsulfate,

C.2-[(RSJ-(Pyridin-2-yl)[4-(sulfonatooxy)phenyl]
methyl]phenyl disodium sulfate.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution GY7 (2.2.2, kltlhod JI).

Acidity or a1kallnlty
To 10 mL of solution S add 0.05 mL of phenolphthalein
solution R. The solution is colourless. Not more than
0.25 mL of 0.01 M sodium hydroxide is required [0 change
the colour of the indicator to pink.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50 mg of me substance to he
examined in the mobilephase and dilute to 100.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 10.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve the contents of a vial of
picosulfate for system su£tability CRS (containing impurities A
and B) in 1.0 mL of the mobile phase. .

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationaryphase: spherical end-eapped octadecylsilyl silica gel

for chromawgraphy R1 (5 urn),
- temperature: 40 "C.

Mobile phase Dissolve 2.3 g of disodium hydrogen phosphate
dihydrate R in 800 mL of water for chromawgraphy R, add
0.2 g of celyltrimelhylammonium bromide R, adjust to pH 7.5
with phosphoric acidR and dilute to 1000 mL with waterfor
chromatography R; mix 550 mL of this solution and 450 mL
of ateumitrile R (if necessary vary the buffer/acetonitrile
proportion in 10 mL increments in order to fulfil the
resolution requirement).
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 263 run.
Injection 40 pL.

Rim time Twice the retention time of picosulfate.
Identification of impurities Use the chromatogram supplied
with piCQSuljat< for system SUil"Miry CRS and the
chromatogram obtained with reference solution (b) to
identify the peaksdue to impurities A and B.
Relaliveretention With reference to picosulfate (retention
time ;;;; about 7.4 min): impurity B = about 0.5;
impurity A =about 0.7.

System suitability Reference solution (b):
- resolution: minimum 4.0 between the peaks due [Q

impurities Band A.

Limits:
- correction foaon: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 0.7;
impurity B =0.5;

- impurities A, B: for each impurity, not more than twice the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.2 per cent);

- unspecified impuniies: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained withreference solution (a)
(0.5 pet cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).
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II-948 Sodium Polystyrene Sulfonate

Sodium Polystyrene Sulfonate
Sodium Polystyrene Sulphonate

(ph. Eur. monograph 1909)

Action and use
Used in the treatment of hyperkalaemia.

PhE" ~_-------

DEFINITION
Polystyrene sulfonate resin prepared in the sodium form.
Exchange capacity 2.8 mmol to 3.4 nunol of potassium per
gram (dried substance).

Content
9.4 per cent to 11.0 per cent ofNa (dried substance).

CHARACTERS
Appearance
Almostwhiteor light brownpowder.

Solubility
Practically insoluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
A. 10frared absorption spectrophotometry (2.2.24).

Preparation Discs using finely ground substance.
Comparison Ph. Eur. reference spectrum of 'odiumpolystyrene
sulfonate.
B. Suspend 0.1 g in waterR, add 2 mL of a 150 gIL solution
of potassium carbonate R, and heat to boiling, Allow to cool
and filter. To the filtrate add 4 mL of potassium
pyroantimonate solution R and heat to boiling. Allow to cool in
iced water and if necessary rub the insideof the test-tube
with a glass rod. A dense white precipitate is formed.

TESTS
Styrene
Liquid chromatography (2.2.29).

Test solution Shake 10.0 g of the substance to be examined
with 10 mLof acetone R for 30 min, centrifuge and use the
supernatant.
Reference solution Dissolve 10 mg of styrene R in acetone R
and dilute to 100 mL with the same solvent. Dilute I mL of
this solution to 100 mL with acetone R.
Column:
- size: /= 0.25 m, 0 = 4 mrn;
- stationary phase: ocuuJecylsi/y1 SIlica gelfor chromawgraphy R

(5 urn).

Mobile phase acetonitrile R, waterR (I: I V/r).
Flow rate 2 mI1min.

Detection Spectrophotometer at 254 run.
Injection 20~.

Limit:
- styrene: not more than the area of the principal peakin the

chromatogram obtained with the reference solution
(I ppm).

Calcium
Maximum 0.10 percent.
Atomic emission spectrometry (2.2.22, MecJwd 1).

Test ,oIution To l.J 0 g add 5 mL of hydrodlloric acidR, heat
to boiling, cool and add 10 mL of waterR. Filter, wash the
filter and residue with water R and dilute the filtrate and
washing to 25.0 mL with waterR.

2022

Reference solutions Prepare the reference solutions using
calcium standard solution (400 ppm CaY R, diluted as necessary
with water R.
Wavelength 422.7 nm.

Potassium
Maximum 0.10 percent.
Atomic emissionspectrometry (2.2.22) Method l).

Test solution To 1.l0 g add 5 mL of hydrodlloric acidR, hear
to boiling) cool and add 10mL of water R. Filter, wash the
filter and residue with water R and dilute the filtrate and
washings to 25.0 mL with waterR.
Reference solutions Prepare the reference solutions using
potassium standard sdution (100 ppm 10 R, diluted as
necessary with water R.

Wavelength 766.5 run.

Losson drying (2.2.32)
Maximum 7.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Microbial contamination (2.6.13)
Bile-tolerant gram-negative bacteria: acceptance criterion less
than 102 CPU/g.

ASSAY
Sodium
Atomic emissionspectrometry (2.2.22) Method /).
Testsolution In a platinum crucible moisten 0.90 g with a
few drops of sulfuric add R} ignite very gently and aUow to
cool. Moisten with a few drops of sul/un', acidR again, ignite
at 800 ± 50 °C until a carbon-free ash is obtained andallow
to cool.
Add 20 mL of water R to the crucible} warm gently on a
water-bath until dissolution, cool, transfer quantitatively to a
100 mL graduated flask and dilute to 100.0 mL with
waterR. Dilute 5 mL of this solution to 1000.0 mL with
water R.
Reference solutions Prepare the reference solutions using
sodium standard solution (200 ppm Na) R, diluted as necessary
withwater R.

Wavelength 589 nm.

Exchange capacity
Atomic emission spectrometry (2.2.22, Method1).

Solution A 9.533 gIL solution of patossium chloride R.
Testsolution To 1.6 g of the substance to be examined in a
dry 250 mL ground-glass-stoppered flask add 100 mL of
solution A} stopper and shake for 15 min. Filter} discard the
first 20 mL of the filtrate and dilute 4 mL of the filtrate to
1000 mL with woterR.
Reference solutions Prepare the reference solutions by diluting
0, 1, 2} 3 and 4 mL of solutionA respectively and4} 3, 2) I
and 0 mL of a 7.63 gIL solution of sodium chloride R to
1000 mL with waterR.
Wavelength 766.5 nm.
Prepare a calibration curve usingthereference solutions and
calculate the potassium exchange capacity of thesubstance to

be examined in millimoles pergram taking the concentration
of potassium in solutionA as 128mmolesofK per litre.

STORAGE
In an airtight container.

IMPURITIES
Spedfied impuruies A.
A. styrene.
___________________ PhE"
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2022 Sodium Propyl Hydroxybenzoate 11-949

PhE" _

DEFINITION
Sodium propanoate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Colourless crystals OC, white or almostwhite powder, slightly
hygroscopic.

Solubility
Freelysoluble in water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFICATION
First idemification: A, D.
Second identification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reierence spectrum ofsodiumpropWnar<.

B. Dissolve 0.1 g in a mixture of 2 roL of copper sulfar<
solution Rand 2 roL of methylene chloride R. Shake vigorously
and allow to stand. Both the upper and the lower layer show
a blue colour.

C. To 5 roL of solution S (see Tes",) add 2 roL of 0.1 M
sihser nitrate. A whiteprecipitate is formed.
D. Solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 109 in carbon dioxide-free war<r R prepared from
distiUed water R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is dear (2.2./) aod colourless (2.2.2, Method I/).

pH (2.2.3)
7.8 to 9.2.

Dilute 1 mL of solution S to 5 mL with waterR.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.250 g of the substance to be
examined in water R and dilute to 100 mL with the same
solvent.
Reference solution (a) Dissolve 10 mg of the substaoee to be
examined and 10 mg of sodium acetate R in waterRand
dilute to 100 mL with the same solvent.
Reference solution (b) Dilute 1.0 roL of the test solution to
100.0 roL with waw R.
Column:
- size: I = 0.25 m, 0 = 4.6 mm,
- stationary phase: otta4ecylsilyl silica gelfor chromatography R

(5 pm).

Mob,le phase Dilute I roL of phosphoric acid R to 1000 mL
with waterfor chromatography R.

***
* ** ** ****

35285-69-9

• 0

, ~O/'o.",,/CH'

Nao)l)
202.2

ASSAY
Dissolve 80.0 mg in 30 roL of anhydrous acetic acid R. Titrate
with 0.1 M perchloric acid, detenniningthe end-point
potentiometrically (2.2.2lJ).

I mL of 0.1 M perchWric acid is equivalent to 9.61 mg of
C,H,NaO,.

STORAGE
In an airtight container,

Flow rate 1 mUmin.
Detection Spectrophotometer at 210 run.
Injection 20 IlL.
System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to sodium

acetate and sodium propionate.
Limits:
- any impun'ty: not more than0.1 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.1 per cent),

- rotal: not more thanhalfthe area of the principal peakin
the chromatrogram obtainedwith reference solution (b)
(0.5 per cent),

- disregard limit: 0.05 times the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Readily oxidlsabJe substances
In a ground-glass-stoppered conical flask introduce 109 of
the substance to be examined. Add 100 mL of water Rand
stir to dissolve. Add 25 mL of sodium hypobromite solution R
and 10 mL of a 200 gIL solution of sodium aceUlte R, stopper
the flask and allow to stand for 15 min. Add 10 roL of
potassium iodide solution Rand 20 roL of hydrochloric acid R
while cooling. Titratewith 0.1 M sodium thiosulfate, adding
2 mL of starch solution R towards the end of the titration.
Carryout a blanktitration. The difference between the
volumesused in the 2 titrations is not greater than 2.2 mL.
Iron (2.4.9)
Maximum I 0 ppm, determined on solution S.
Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by heatingin
an oven at 105°C for 3 h.

Sodium Propyl Hydroxybenzoate

___________________ !'bE"

Sodium Propylparaben

(Sodium PropylPorabydroxybenzoase, Ph. Eur. monograph
1263)

!'bE" _

Action and use
Antimicrobial preservative.

DEFINITION
Sodium 4-(propoxycarbonyl)phenolate.

Content
94.0 per cent to 102.0 per cent (anhydrous substance).

***
* ** ** ****

137-40-696.1

Sodium Propionate
(Ph. Eur. monograph 2041)

C,H,NaO,

Action and use
Antifungal.
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II-950 Sodium Propyl Hydroxybenzoate

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Freelysolublein water, sparingly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENfIFICATlON
First identification: B, D.
Second identification: A, C, D.
A. Dissolve 0.5 g in 50 mL of waterR. Immediately add
5 mL of hydrochloric acidRl. Filter and wash the precipitate
with waterR. Dry invacuo at 80°C for 2 h. The precipitate
melts (2.2.14) at 96 °C to 99 °C.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Precipitate obtained in identification test A.
Comparison propylparahydroxybenzoate CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution (a) Dissolve 0.10 g of the substance to be
examined in 10 mL of water R. Immediately add 2 mL of
hydrochloric acidR and shake with 50 mL of 1,I-dimethylethyl
methyl ether R. Evaporate the upperlayer to dryness and take
up the residue with 10 mL of cu:ewne R.
Test solU/um (b) Dilute I mL of test solution (a) to 10 mL
with autone R.

Reference solucion (a) Dissolve 10 mg of propyl
parahydroxybenzoate CRS in act"'ne R and dilute to 10 mL
with the same solvent.

Reference solucion (b) Dissolve 10 mg of ethyl
parahydroxybenzoate CRS in I mL of test solution (a) and
dilute to 10 mL with acetone R.
Plate TLC occadecy/si/yl $I7ica gelF254 plate R.
Mobile phase gladalacetic acidR, waterR, melhanol R
(1:30:70 VIVIII).

Application 5 J.lL of test solution (b) and reference
solutions (a) and (b).

Development Over 2/3 of the plate.

Drying In air.
Detection Examine in uhraviolet lightat 254 om.
Systemsuitability Reference solution (b):

- the chromatogram shows 2 clearly separated principal
spots.

Results The principal spot in the chromatogram obtained
with test solution (b) is similar in positionandsize to the
principal spot in the chromatogram obtained withreference
solution (a).

D. To I mL of solution S (see Tests) add I mL of water R.
The solution gives reaction (0) of sodium (2.3.1).

TESTS I
SoludonS
Dissolve 5.0 g in carbon dioxide-free water R prepared from
distilleJ water R, and dilute to 50 mL with the samesolvent.

Appearance of solution
SolutionS, examined immediately after preparation, is clear
(2.2.1) and not more intensely coloured than reference
solution BY. (2.2.2, MethodIf).

pH (2.2.3)
9.5 to 10.5-

Dilute I mL of solution S to 100 mL with carbon dioxide-free
water R.

2022

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in 2.5 mL of methanol R and dilute to 50.0 mL
with the mobile phase.Dilute 10.0 mL of the solution to

100.0 mL with the mobile phase.

Reference solution (a) Dissolve 5 mg of ethyl
parahydroxybenzoate CRS (impurity C), 5 mg of
4-hydroxybenzoic acidR (impurity A) and 5 mg of the
substance to be examined in the mobilephase and dilute to
100.0 mL with the mobile phase. Dilute 1.0 mL of the
solutionto 10.0 mL with the mobile phase.
Reference solution (b) Dissolve 50.0 mg of propyl
parahydroxybenzoate CRS in 2.5 mL of methanol R and dilute
to 50.0 mL with the mobile phase. Dilute 10.0 mL of the
solution to 100.0 mL with the mobile phase.
Reference solution (c) Dilute 1.0 mL of the test solution to
20.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Column:
- size: I = 0.15 m, 0 = 4.6 nun;
- stationary phase: end-eapped octadecy/si/yl silica gelfor

chroma",graphy R (5 urn).

Mobile phase 6.8 gIL solution of potassium dihydrogen
phosphate R, methanol R (35:65 VIII).

Flow rate I. 3 mUmin.
Detection Spectrophotometer at 272 nm.
Inieaion 10 J1L of the test solution and reference
solutions (a) and (c).

Run time 2.5 times the retention time of propyl
parahydroxybenzoate.

Relative retention With reference to propyl
parahydroxybenzoate (retention time = about4.5 min):
impurity A = about 0.3; impurity C = about 0.7.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

impurity C and propyl parahydroxybenzoate.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity A by 1.4;
- impurity A: not more than 8 times the area of the

principal peak in the chromatogram obtained with
reference solution (c) (4.0 per cent);

- unspecified impun·ties: foreach impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (c) (0.5 per cent);

- sum of impun·ties other thanA: not more than twice the
area of the principal peakin the chromatogram obtained
with reference solution (c) (1.0 per cent);

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.1 per cent):

Chlorides (2.4.4)
Maximum 350 ppm.

To 10 mL of solution S, add I mL of nitric acidRand
30 mL of warer R and dilute to 50 mL with waterR. Shake
and filter. Dilute 10 mL of the filtrate to 15 mL with
waterR. Prepare the standard using 14 mLof chloride
standard solution (5 ppm CD R to which I mL of water R has
been added.

Sulfates (2.4.13)
Maximum 300 ppm.
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2022 Sodium Salicylate II-951

PhE" __~ _

DEFINITION
Sodium 2-hydroxybenzenecarboxylate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystaUine powder or small, colourless
crystals or shiny flakes.

Solubiliry
Freelysoluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, C.

Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium salicylal< CRS.
B. Solution S (see Tests) gives the reactions of salicylates
(2.3.1).

C. It gives reaction (b) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free water R prepared from
disti/Jed water R and dilute to 50 mL with the same solvent.

Appearance of soludon
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, MethodIf).

Acidiry
To 20 mL of solution S add 0.1 mL of phenol red solution R.
The solution is yellow. Not more than 2.0 mL of 0.01 M
sodium hydroxide is required to change the colourof the
indicator to violet-red.

Chlorides (2.4.4)
Maximum 200 ppm.

To 5 mL of solution S add 5 mL of waterRand 10 mL of
dilute nioic acid R and filter. Dilute 10 mL of the filtrate to
15 mL with waterR.

Sulfates (2.4.13)
Maximum 600 ppm.

Dilute 2.5 mL of solution S to 15 mL with distiUed water R.

Loss on drying (2.2.32)
Maximum 0.5 per cent, detetrnined on 1.00 g by drying in
an oven at 105 "C.

54-21-7160.1

cxco,Na

",I
OH

G,H,NaO,

Action and use
Anti-inflammatory; analgesic.

Sodium Salicylate
(ph. Bur. monograph 0413)

To 25 mL of solution S, add 5 mL of distilled waterRand
10 mL of hydrodllori< acid R and dilute to 50 mL with
distilled waterR. Shakeand filter. Dilute 10 mL of the filtrate
to 15 mL withdiuined water R.
Water (2.5.12)
Maximum 5.0 per cent, determined on 0.500 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (b).

Calculate the percentage content of CioHIINa03 from the
declared content of propylparahydroxybenzoate eRS,
multiplied by a correction factor of 1.122.

STORAGE
In an airtight container.

o

~o'CH'
HoA)

o

~O~CH'
HOA)

IMPURITIES
Specified impurities A.
Otherdel«wble impun"ties (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the rests
in themonograph. They are limited by thegeneral acceptanu
criterion for otherlunspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
there/ore not n«essary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impwities
in subsrances for pharmaceutical use) B, C, D.

r""'yCo,H

HO)V'

A. 4-hydroxybenzoic acid,

B. methyl 4-hydroxybenzoate (methyl parahydroxybenzoate),

C. ethy14-hydroxybenzoate (ethyl parahydroxybenzoate),

D. butyl 4-hydroxybenzoate (butyl parahydroxybenzoate).
___________________ PhE"

ASSAY
Dissolve 0.130 gin 30 mL of anhydrous auti<: acidR. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).
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II-952 Sodium Selenite 2022

____________________ PhEw

1 mL of 0.1 M perchloric acid is equivalent to 16.01 mg
of C7H,NaO,.

STORAGE
In an airtight container, protected from light.

Sodium Selenite
(Ph. Eur. monograph 2740)

Na,SeO, 172.9

Action and use
Used in treatment of selenium deficiency.

**** ** ** ****
10102-18-8

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000g by drying in
an oven at 130°C for 2 h.

ASSAY
Dissolve 80.0 mg in 50 mL of water R. Add 1.0 mL of
anhydrous formic acidR, 25.0 mL of 0.1 M sodium thiosulfate
and 0.5 g of potassiwn iodide R. Titrate immediately with
0.05 M iodine using starch solution R as indicator. Carry out a
blank titration.

I mL of 0.1 M sodium thiosulfa,e is equivalent to 4.323 mg of
Na2Se03'

STORAGE
In an airtight container.
___________________ PhEw

PhBr _

DEFINITION
Content
98.5 per cent to 101.5 per cent.

CHARACTERS
Appearance
Whiteor almost white, crystalline powder, hygroscopic.

Solubility
Freely solublein water, practically insoluble inethanol
(96 per cent).

IDENTIFICATION
A. Dissolve 50 mg in 5 mL of a mixture of equal volwnes of
dilute hydrochloric acidR and water R and heat to boiling.
Add 50 mg of ascorbic acidR; a red precipitate is formed
whichmay become black.
B. Dissolve 50 mg in a mixture of I mL of dilute hydrochloric
acidR and 5 mL of water R. Add I mL of banum chloride
solutUm Rt, the solutionremains clear.
C. It gives reaction (a) of sodium (2.3.1).

D. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free water R and dilute to
50.0 mL with the same solvent.

Appearance ef'solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method 11).

pH (2.2.3)
9.8 to 10.8 for solution S.

Chlorides (2.4.4)
Maximum 50 ppm.

Dissolve 1.0 gin 5 mL of waterR, add 9 mL of nitric acidR
and dilute to 15 mL with water R.

Sulfates and selenates (2.4.13)
Maximum 300 ppm (determined as sulfates).

Dissolve 0.5 g in 10 mL of distilkdwater R, add 0.5 mL of
hydrochlori< acidRl and dilute to 15 mL with distiNed water R.

PhEw _

DEFINITION
Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline deliquescent powder.

Solubility
Freely soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Dissolve 50 mg in 5 mL of a mixture of equal volumes of
dilute hydrochlori< acid R and water R and heat to boiling.
Add 50 mg of ascorbic acidRj a red precipitate is formed
whichmay become black.
B. Dissolve 50 mg in a mixture of I mL of dilute hydrochloric
acidRand 5 mL of water R. Add I mL of barium chloride
solution Rl; the solutionremains clear.
C. It gives reaction (a) of sodium (2.3.1).

D. It complieswith the limits of the assay.

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

pH (2.2.3)
9.8 to 10.8 for solution S.

Chlorides (2.4.4)
Maximum 50 ppm.

Dissolve 1.0 g in 5 mL of water R, add 9 mL of nitric acid R
and dilute to 15 mL with waterR.

Sulfates and selenates (2.4.13)
Maximum 300 ppm (determined as sulfates).

Dissolve 0.5 g in 10 mL of distiNed water R, add 0.5 mL of
hydrochloric acid Rl and dilute to 15 mL with distiNed water R.

Iron
Maximum 50 ppm.

To 2 mL of solution S add 2 mL of a 200 gIL solution of
sulfosalicylic acid Rand 5 mL of concentrated ammonia R, and
dilute to 10 mL with water R. The solution is not more
intensely coloured thana reference solution prepared at the
same time and in the same manner using 1 mLof iron
standard solution (10 ppm Fe) R.

Sodium Selenite Pentahydrate
(Ph. Bur. monograph 1677)

Na,SeO,,5H,O 263.0

Action and use
Used in treatment of seleniwn deficiency.

2697()-82-1
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Iron
Maximwn 50 ppm.

To 2 mL of solution S add 2 mL of a 200 WL solution of
sulfosalicylic add R, 5 mL of concentrated ammonia Rand
dilute to 10 mL with water R.The solution is not more
intensely coloured than a reference solutionprepared at the
same time and in the same mannerusing 1 mL of iron
standard solution (10 ppm Fe) R.

ASSAY
Dissolve 0.120 g in 50 mL of waterR. Add 1.0 mL of
anhydrous formic acid R, 25.0 mL of 0./ M sodium thiosulfate
and 0.5 g of potassium iodide R. Titrate innnediately with
0.05 k1 iodine using starch solution R as indicator. Carry out a
blank titration.
I mL of O. / M sodium thiosulfate is equivalent to 6.575 mg of
Na2Se03,5H20.

STORAGE
In an airtight container.
_________~ ""E"

Sodium Starch Glycolate
(Type A)l
(Ph. Eur. mQ1lograph 0983)

Action and use
Excipient.

PhE" ~ _

DEFINlTION
Sodium salt of a cross-linked partly o-catboxymethylated
starch.

Content
2.8 per cent to 4.2 per cent ofNa (A, 22.99) (substance
washed with ethanol (80 per cent VIP) and dried).

• CHARACTERS
Appearance
White or almost white, fine, free-flowing powder, very
hygroscopic.

Solubility
Practically insoluble in methylene chloride. It gives a
translucent suspension in water.•

IDENTIFICATION
oA. pH (see Tests).

B. Prepare with shaking and without heating a mixture of
4.0 g of the substance to be examined and 20 mL of carbon
dioxide-free water R. The mixture has the appearance of a gel.
Add 100 mL of carbon dioxide-free waterR and shake.
A suspensionforms that settles afterstanding. 0
C. To an acidified solution, add iodinated potassium iodide
solution Rl. The solution becomes blue or violet.
D. Solution S2 (see Tests) gives reaction (a) of sodium
(2.3. I).

TESTS
Soludon SI
Centrifuge the suspension obtainedin identification test B at
2500 g for 10 min. Collect carefully the supernatant.

I This monograph hasundergone phannacopoeial hannonisation.
Seechapter 5.8 Pharmacopoeial hannonisation.
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Solution S2
Place 2.5 g In a silica or platinum crucible and add 2 mL of
a 500 gILsolution of sulfimc add R. Heat on a water-bath,
then cautiously over a naked flame, raising the temperature
progressively, then incinerate in a muffle furnace at
600 ± 25 "C. Continue heating until all black particles have
disappeared. Allow to cool, add a few drops of dilute sulfuric
acidR, heat and incinerate as above. Allow to cool, add a few
drops of ammonium carbonate solution R, evaporate to dryness
and incinerate cautiously. Allow to cool and dissolve the
residue in 50 mL of waterR.
oAppearance of solution S1
Solution SI is clear (2.2./) and colourless (2.2.2, MethodIf).
o
pH (2.2.3)
5.5 to 7.5.
Disperse 1.0 g in 30 mL of carbon dioxide-free waterR.

Sodium glycolate
Maximwn 2.0 per cent. Cany out the testprotected from light.
Test sola,ion Place 0.20 g in a beaker. Add 5 mL of acetic
acid Rand 5 mL of water R. Stir until dissolution is complete
(about 10 min). Add 50 mL of acewne R and I g of sodium
chloride R. Filter through a fast filter paper impregnated with
aatone R, rinse the beaker and filterwith aceU»lt R. Combine
the filtrate and washings and dilute to 100.0 mL with
acetone R. Allow to standfor 24 h without shaking. Use the
clearsupernatant.
Reference ,00a,ion Dissolve 0.310 g ofglycolic acidR,
previously driedin a desiccator (2.2.32) at room temperature
overnight, in water R and dilute to 500.0 mL with the same
solvent. To 5.0 mL of this solution add 5 mL of acetic acid R
and allow to stand for about 30 min. Add 50 mL of
acewue R and I g of sodium chloride R. Filter through a fast
filter paper impregnated with acetone R, rinse the beaker and
filter with auume R. Combine the filtrate and washings and
dilute to 100.0 mL with acewne R. Allow to stand for 24 h
withoutshaking. Use the clearsupernatant.
Heat 2.0 mL of the test solution on a water-bath for 20 min.
Cool to 100m temperature and add 20.0 mL of
2,7-dihydroxynaphthalene ,00ution R. Shake and heat in a
water-bath for 20 min. Cool underrunning water, transfer to
a volwnetric llask and dilute to 25.0 mL with sulfllri< acidR,
maintaining the flask underrunning Water. Within 10 min,
measure me absorbance at 540 om (2.2.25) using water R as
the compensation liquid. The absorbance of the solution
prepared with the test solution is not greater than that of a
solutionprepared at the same time and in the same manner
with 2.0 mL of the reference solution.

Sodium chloride
Maximum 7.0 per cent.
Place 0.500 g in a beaker and suspend in 100 mL of waterR.
Add I mL of nitric acid R. Titrate with O. / M Sl7ver nilTate,
determining the end-pointpotentiometrically (2.2.20), using
a silver-based indicator electrode and a double-junction
reference electrode containing a 100 gIL solution of potassium
nitrate R in the outer jacket and a standard filling solution in
the innerjacket.
1 mL of 0.1 M srlver nitrate is equivalent to 5.844 mg of
NaCI.

Iron (2.4.9)
Maximwn 20 ppm, determined on 10 mL of solution S2.
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C sulfatedash as a percentage, determined as follows.

PhEw _

__~ PhEw

I This ml»l(Jgraph hasundergone phannawpoeia/ hamlonUan"o".
See chapter5.8 Pharmacopoeial harmonisation.

**** ** *<,»
Sodium Starch Glycolate
(Type 8)1 .
(ph. Eur. managraph 0984)

Action and use
Excipient.

Introduce 1.3 g of the substance to be examined in a flask
and add 20 mL of ethanol (80 percent VI~ R. Shake for
10 min and filter on a sintered-glass filter (2.1.2). Repeat this
operation 4 times. Add to the residue 10 mL of ethanol
(96 per cent) R and filter. Collect the residue and place it in
an oven at 105°C for 4 h. Place the driedresidue in a
mortar and crush. Determine the sulfated ash content (G)
(2.4.14) on 1.000 g of the powder obtained.

Calculate the degree of sodium carboxymethyl
substitution (S) using the following expression:

s= (162+ 58A)C
(7102 - SOC)

1150,11
A = (7102 _ 412,11 - 80C)

The degree of substitution is the sum of A andS.

Particle-size distrlbudon (2.9.31 or 2.9.38)

DEFINITION
Sodium salt of a cross-linked partly o-carboxymethylated
starch.

Content
2.0 per cent to 3.4 per cent ofNa (A, 22.99) (substance
washed with ethanol (80 per cent VII') and dried).

t CHARACTERS
Appearance
White or almost white, fine, free-flowing powder, very
hygroscopic.

Solubility
Practically insoluble in methylene chloride. It gives a
translucent suspension in water.•

IDENTIFICATION
oA. pH (see Tests).

B. Prepare with shaking and without heating a mixture of
4.0 g of the substance to be examinedand 20 mLof carbon
dioxide-free warerR. The mixture has the appearance of a gel.
Add 100 mL bf carbon dioxide-free waterR and shake.
A suspension forms that settles afterstanding. <)

C. To an acidified solution, add iodinated potassium iodide
sdution RI. The solution becomes blue or violet.
D. Solution S2 (see Tests) gives reaction (a) of sodium
(2.3.1).

TESTS
Soludon SI
Centrifuge the suspensionobtained in identification test B at
2500 g for 10 min. Collect carefully the supernatant.

Loss on drying (2.2.32)
Maximum 10.0 per cent, determined on 1.000 g by drying in
an oven at 130°C for 1.5 b.

Microbial contamination
It complieswith the test for Escherichia coliand SalmoneUa
(2.6.13).

ASSAY
Shake about I g with 20 mL of ethanol (80 percent VII? R,
stirfor 10 min and filter. Repeat me operation until chloride
has been completely extracted and verify the absenceof
chloride usingsilvernitrate solution R2. Dry the residue at
105°C to constant mass. To 0.700 g of the dried residue,
add 80 mL ofglacial acetic acidR and heat under a reflux
condenserfor 2 h. Cool the solution to room temperature.
Titrate with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

I mL of 0.1 M perchlOTic acidis equivalent to 2.299 mg of
Na.

tSTORAGE
In an airtight container, protected from light. •

FUNCTIONALITY·RELATED CHARACTERISTICS
This section provides injonnation on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the subsrance when usedas an exdpjent (see chapter
5.15). Some of thecharaaoisda described in the Funceiona/ity­
related characteristics seaionm~ alsobepresent in themant/Qrory
part af the manograph since they abo represent mandatory qualil)l
aiteria. In such cases, a cross-reference to the tests described in the
mandatory part is included in the Ftmcuonality-related
characteristics section. Control '0/ theeharaaeristia can conm"bute
to the qualil)l 01 a medicinal product by improving the consistency
01 the mantifacturipg process andtheperfonnance al the medicinal
product duringuse. Where ccmb1>i methods arecited, theyare
recognised as being suitable lor thepU1'fHJSe, but othermethods can
alsobe used. W'herever results for a particular charaaetistic are
reported, thecontrol method must be indicated.
Thefollowing characteristics may be relevant for sodium starch
glycola,. (type A) usedas disin,.gram in tablets.

Settling volume
Introduce 70 mL of water R in a flask, add 1.0 g of the
substance to be examined (driedsubstance) and stirwith a
glass rod so that'no lumps remain. Transfer the suspension
to a 100 mLgraduated cylinder, rinse the wallsof the flask
with water R and dilute to 100 mL with the same solvent.
Stir againuntil the substance is evenlydistributed. Allow to
stand for 2 h. The volumeof the sediment is typically less
than 45 mL.

Degree of substitution
Place 1.000 g (dried substance) in a 500 mL conical flask,
add 300 mL of a 100!ifL solution of sadium chloride Rand
25.0 mL of 0.1 M sadium hydroxide, stopper the flask and
allow to stand for 5 min, shaking occasionally. Add 0.05 mL
of m-cresol purplesolution R and about 15 mL of 0.1 M
hydrrxhloric acid from a burette. Insen the stopper and sbake.
If the solution is violet, add 0.1 M hydrrxhforic acidin I mL
portions until the solution becomes yellow) shaking after each
addition. Titrate with 0.1 M sadium hydroxide until the colour
turns to violet. Calculate the numberof milliequivalents (M)
of base required to neutralise the equivalent of 1 g of dried
substance.
Calculate the degree of acid carboxymethyl substitution (A)
using the following expression:
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Solution S2
Place 2.5 g in a silica or platinum crucible and add 2 mLof
a 500 gIL solution of sulfunc acidR. Heat On a water-bath,
then cautiously over a nakedflame, raising the temperature
progressively, and then incinerate in a muffle furnace at
600 ± 25 'C. Continue heating until all black particles have
disappeared. Allow to cool, add a few drops of dilute suljuric
acid R and heat and incinerate as above. Allow to cool, add a
few dropsof ammonium carbonate solution R, evaporate to
dryness and incinerate cautiously. Allow to cool and dissolve
the residue in 50 mL of water R.
o Appearance of solution 81
Solution SI is clear (2.2.1) and colourless (2.2.2, Me/hod If).
o
pH (2.2.3)
3.0 ro 5.0.

Disperse 1.0 g in 30 mL of carbon dioxide-jree water R.

Sodium glycolate
Maximum 2.0 per cent. Carry ou' rhe tes, protected from light.
Test solution Place 0.20 g in a beaker. Add 5 mL of acetic
acidRand 5 mL of water R. Stiruntil dissolution is complete
(about 10 min). Add 50 mL of acetone R and I g of sodium
chloride R. Filter through a fast filterpaper impregnated with
autone R, rinse the beaker and filter with auume R. Combine
the filtrate and washings and dilute to 100.0 mL with
acetone R. Allow to stand for 24 h withoutshaking. Use the
clearsupernatant.

Reference solution Dissolve 0.310 g ofglycolic acidR,
previously dried in a desiccator (2.2.32) at room temperature
overnight, in waterR and dilute to 500.0 mL with the same
solvent. To 5.0 mL of this solution add 5 mL of acetic acidR
and allow to stand for about 30 min. Add 50 mL of
acetone Rand 1 g of sodium chloride R. Filter through a fast
filter paperimpregnated with acetone R, rinse the beaker and
filter with acetone R. Combine the filtrate and washings and
dilute to 100.0 mL with acetone R. Allow to stand for 24 h
withoutshaking. Use the clearsupernatant.
Heat 2.0 mL of the test solution on a water-bam for 20 min.
Cool to room temperature and add 20.0 mL of
2,7;Jihydroxynaphthalene solution R. Shake and heat in a
water-bath for 20 min. Cool under running water, transfer
quantitatively to a volumetric flask and dilute to 25.0 mL
with su/fun'c add R, maintaining the flasks under running
water. Within 10 min, measure the absorbance at 540 run
(2.2.25) using water R as the compensation liquid.
The absorbance of the solution prepared with the test
solutionis not greater than that of a solution prepared at the
same time and in the same mannerwith 2.0 mL of the
reference solution.

Sodium chlor-ide
Maximum 7.0 per cent.

Place 0.500 g in a beaker and suspend in 100 mL of water R.
Add I mL of nitric acidR. Titrate with 0.1 M silver nitro"
determining the end-point potentiometrically (2.2.20), usu'tg
a silver-based indicator electrode and a double-junction
reference electrode containinga 100 gIL solution of
potassium nitrate R in the outeqacket and a standard filling
solution in the innerjacket.

1 mL of 0.1 M SIlver nitro" is equivalent to 5.844 mg of
NaCI.

Iron (2.4.9)
Maximum 20 ppm, determined on 10 mL of solution S2.

Sodium Starch Glycolate 11-955

Loss on drying (2.2.32)
Maximwn 10.0 per cent)determined on 1.000 g by drying in
an oven at 130 °C for 1.5 h.

Microbial contamination
It complieswith the test for Escherichia coliand Salmonella
(2.6.13).

ASSAY

Shake about 1 g with 20 mL of ethanol (80 percen, VI,,? R,
stirfor 10 min and filter. Repeat the operation until chloride
has been completelyextracted and verify the absence of
chlorideusing SIlver nitrate solutum R2. Dry theresidue at
105 °C to constant mass. To 0.700 g of the dried residue,
add 80 mL of glacial acetic acidR and heat undera reflux
condenser for 2 h. Cool the solution to room temperature.
Titrate with 0.1 M perchloric acid) determining the end-point
potentiometrically (2.2.20). Carry out a blank titration.

1 mL of O. I M perchloric acid is equivalent to 2.299 mg of
Na.

tSTORAGE
In an airtight container, protected from light.•

FUNCTIONALlTY-RELATED CHARACTERISTICS
This section provides in/onnation on characteristics that are
recognised as being relevant control parameters for om or more
functions 0/the substance when used as an excipient (see chapter
5.15). Someof the characteristics described in theFunctionaJi1y­
reuued characteristics section may a150 bepresent in the mandatory
part of the monograph since theyalso represent mandatory quali~

criteria: In such cases, a cross-reference 10 the tests desaibedin the
mandatory part is included in the Functionality-related
characteristics section. Control of thecharacteristics can contribute
to rhe quali!JI of a medicinal product lry impYOiJing rhe consisWlCY
of the mamifacturing proces: and rhe peiformance of the medicinol
pmdua during use. Where control methods arecited, theyare
recognised as being suiMbIe for thepurpose, but other methods can
also be used. Wherever results lor a particular charaaetistic are
reported, thecontrol merhod mus, be indicated
The following characteristics mllJl berelevant for sodium starch
glycokl" (type B) usedasdisin"gran, in tablets.
Settling volume
Introduce 70 mL of water R in a flask, add 1.0 g of the
substance to be examined (driedsubstance) and stirwith a
glassrod so that no lumps remain. Transfer the suspension
to a 100 mL graduated cylinder, rinse me walls of the flask
with water R and dilute to 100 mL with the same solvent.
Stir again until the substance is evenly distributed. Allow to
standfor 2 h. The volwne of the sedimentis typically less
than 45 mL.

Degree of substitution
Place 1.000 g (dried substance) in a 500 mL conical flask,
add 300 mL of a 100 gIL solution of sodium chloride Rand
25.0 mL of 0.1 M sodium hydroxide, stopper the flask and
allowto stand for 5 min, shaking occasionaUy. Add 0.05 mL
of m-cresol purple solution R and about 15 mL of O. I M
hydrochloric acid from a burette. Insert the stopper and shake.
If the solution is violet, add O. I M hydrochlonc acidin I mL
portions until the solution becomes yellow, shaking after each
addition. Titrate with 0.1 M sodium hydroxide until the colour
turns to violet. Calculate the number of mdliequivalents (M)
of base required to neutralise the equivalent of 1 g of dried
substance.

Calculate the degree of acid carboxymethyl substitution (A)
using the foHowing expression:
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C sulfatedash as a percentage. determined as follows.

PhE" _

_____________________ PhE"

remains stable (difference from types A and B). Keep the gel
for the tests for appearance of gel and pH.

C. To 5 mL of the gel obtained in identification test B add
0.05 mL of iodine solution Rl. A dark blue colour is
produced.

D. Solution S (see Tests) gives reaction (a) of sodium
(2.3.1).

TESTS
Solution S
Place 2.5 g in a silica or platinum crucible and add 2 mL of
a 500 gIL solution of sulfun·c acidR. Heat on a water-bath,
then cautiously over a naked flame, raising the temperature
progressively, and then incinerate in a muffle furnace at
600 ± 25 °C. Continue heating until all black particles have
disappeared. Allow to cool, add a few drops of su/fun'c acidR,
heat and incinerate as above. Allow to cool, add a few drops
of ammonium carbonate soluu·on R, evaporate to dryness and
incinerate cautiously. Allow to cool and dissolve the residue
in 50 mL of water R.

Appearance of gel
The gel obtained in identification test B is colourless (2.2.2,
MethodIf).

pH (2.2.3)
5.5 to 7.5 for the gel obtained in identification test B.

Sodium glycolate
Maximwn 2.0 per cent. Cany out the test protected from light.
Testsolution Place 0.20 g in a beaker. Add 5 mL of acetic
acidRand 5 mL of water R. Stir until dissolution is complete
(about 10 min). Add 50 mL of acelUlle R and I g of sodium
chloride R. Filter through a fast liIter paper impregnated with
autone R, rinse the beaker and filter with acetone R. Combine
the liItrate and washings and dilute to 100.0 mL with
autone R. Allow to stand for 24 h without shaking. Use the
clear supernatant.

Reference solution Dissolve 0.310 g ofglyrolic acidR,
previously dried in a desiccator (2.2.32), in water Rand
dilute to 500.0 mL with the same solvent. To 5.0 mL of this
solution, add 5 mL of acetic acidR and allow to stand for
about 30 min. Add 50 mL of acetone R and I g of sodium
chloride R and dilute to 100.0 mL with acetone R.
Heat 2.0 mL of the test solution on a water-bath for 20 min.
Cool to room temperature and add 20.0 mL of
2,7-dihydroxynaphthalene solulion R. Shake and heat on a
water-bath for 20 min. Cool under running water, transfer to
a volumetric flask and dilute to 25.0 mL with sulfuric acidR,
maintaining the flask under running water. Within 10 min,
measure the absorbance (2.2.25) at 540 nrn using waterR as
the compensation liquid. The absorbance of the solution
prepared with the test solution is not greater than that of a
solution prepared at the same time and in the same manner
with 2.0 mL of the reference solution.

Sodium chloride
Maximwn 1 per cent.

Shake 1.00 g with 20 mL of ethanol (80 perunr VIV,J R for
10 min and filter. Repeat the operation 4 times. Dry the
residue to constant mass at 100°C and set aside for the
assay. Combine the filtrates. Evaporate to dryness, take up
the residue with waterR and dilute to 25.0 mL with the
same solvent, To 10.0 mL of the solution add 30 mL of
waterRand 5 mL of dilute nitric acid R. Titrate with 0.1 M
silver nitrate, detennining the end-point potentiometrically
(2.2.20), using a silver-based indicator electrode and a
double-junction reference electrode containing a 100 gIL

1I50M
(7102 - 412M - 80C)

A

Sodium Starch Glycolate
(Type e)l
(ph. Eur. monograph 1566)

Actiou and use
Excipient.

Introduce 1.3 g of the substance to be examined in a flask
and add 20 mL of ethanol (80 perunl VIV,J R. Shake for
10 min and liIter on a sintered-glass liIter (2.1.2). Repeat this
operation 4 times. Add to the residue 10 mL of ethanol
(96 perunV Rand liIter. Collect the residue and place it in
an oven at 105°C for 4 h. Place the dried residue in a
mortar and crush. Determine the sulfated ash content (C)
(2.4.14) on 1.000 g of the powder obtained.

Calculate the degree of sodium carboxymethyl substitution
(S) using the following expression:

DEFINITION
Sodium salt of a partly o-carboxymethylated starch, cross­
linked by physical dehydration.

Content
2.8 per cent to 5.0 per cent ofNa CA, 22.99) (substance
washed with ethanol (80 per cent VIII) and dried).

CHARACTERS
Appearance
White or almost white, fine, free-flowing powder, very
hygroscopic.

Miavscopic examination: it is seen to consist of granules,
irregularly shaped, ovoid or pear-shaped, 30-100 pm in size,
or rounded, 10-35 um in size; compound granules consisting
of 2-4 components occur occasionally; the granules have an
eccentric hilum and clearly visible concentric striations;
between crossed nicol prisms, the granules show a distinct
black cross intersecting at the hilum; small crystals are visible
at the surface of the granules. The granules show
considerable swelling in contact with water.

SolublUty
Soluble in water, practically insoluble in methylene chloride.
It gives a translucent gel-like product in water.

IDENTIFICATION
A. pH (see Tests).

B. Prepare with shaking and without heating a mixture of
4.0 g of the substance to be examined and 20 mL of carbon
dioxide-free waterR. The mixture has the appearance of a gel.
Add 100 mL of carbon dioxide-free water R and shake: the gel

The degree of substitution is the sum ofA and S.

Particle-size distribution (2.9.31 or 2.9.31f)

s = (162 + 58A)C
(7102 - 80C)

I In omsrastto sodium starch glycolate type A and typt B. thismonograph
hasNOT undergo~pharmcucpoe;a! hamumisan"on.
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solution of potassium nitrate R in the outer jacket and a
standard filling solution in the inner jacket.
1 mL of 0.1 Al silver nitrate is equivalent to 5.844 mg of
NaC!.

Iron (2.4.9)
Maximum20 ppm, determined on solution S.

Loss on drying (2.2.32)
Maximum 7.0 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Microbial contamination
It complies with the test for Escherichia coli and SalmonelJa
(2.6.13).

ASSAY
To 0.500 g of the dried and crushed residue obtained in the
test for sodium chloride add 80 mL of anhydrous acetic add R
and heat under a refluxcondenser for 2 h. Cool the solution
to room temperature. Titrate with 0.1 M perch/one add,
determining the end-point potentiometrically (2.2.20). Carry
out a blank test.

I mL of O. I M perchloric acid is equivalent to 2.299 mg of
Na.

STORAGE
In an airtight container,protected from light.
___________________ P/>E<r

Sodium Stearate
(ph. Eur. mOTWgraph 2058)

Action and use
Excipient.

P/>E" ~ _

DEFINITION
Mixture of sodium salts of different fatty acids consisting
mainlyof stearic (octadecanoic) acid [C17H3SCOONaj
M, 306.5] and palntitic (hexadecanoic) acid
[C15H31COONa; M, 278.4].

Content
- sadium: 7.4 per cent to 8.5 per cent (A, 22.99) (dried

substance);
- stearic acid in thefalty addfraction: minimum 40 per cent;
- sum of stearic acid and palmiu"c acid in mefatlYacidfraction:

minimum 90 per cent.

CHARACTERS
Appearance
White or yellowish, fine powder, greasyto the touch.

Solubility
Slightly soluble in water and in ethanol (96 per cent).

IDENTIFICATION
First idendfication: C, D.
Second iclentificaticn: A, B, D.
A. Freezing point (2.2.IIf): minimum 53 'C for the residue
obtainedin the preparation of solution S (see Tests).
B. Acid value (2.5.1): 195 to 210, determined on 0.200 g of
the residue obtained in the preparation of solution S
dissolved in 25 mL of me prescribed mixtureof solvents.
C. Examine the chromatograms obtained in the assayof
stearic acid and palmitic acid.

Sodium Stearate Il-957

Results The 2 principal peaks in the chromatogram obtained
with the test solution are similarin retention time and size to

the 2 principal peaks in the chromatogram obtained with the
referencesolution.
D. Solution S gives reaction (b) of sodium (2.3.1).

TESTS
Solution S
To 10.0 g add 100 mL of peroxide-free ether Rand 80 mL of
acetic acid R. Boil under a refluxcondenser until dissolution
is complete. Allow to cool. In a separating funnel, separate
the aqueous layer and shake theether layerwith 2 quantities,
each of 8 mL, of acetic acid R. Combine the aqueous layers,
wash with 30 mL of peroxide-free ether R and dilute to
100 mL with distilled waler R (solution S). Evaporate the
ether layers to drynesson a water-bath and dry the residueat
100-105 'C.

AcIdity or alkalinity
Suspend 2.0 g in 50 mL of previously neutralised ethanol
(96 per"n!! R. Heat under reflux to dissolve and add 3
drops of phenolphthalein solution R; the solution is colourless.
Not less than 0.60 mL and not more than 0.85 mL of 0.1 M
sodium hydroxide is required to change the colour of the
indicator.

Chlorides (2.4.4)
Maximum 0.2 per cent.
Dilute 0.25 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 0.3 per cent.
Dilute 0.5 mL of solution S to 15 mL with distilled walerR.

Nickel
Maximum 5 ppm.

Atontic absorption spectrometry (2.2.23, Methad II).

Testsolution Place 50.0 mg of the substance[0 be examined
in a polytetratiuoroethylene digestion Oask and add 0.5 mL
of a mixture of I volume of heavy metal-free hydrochloric
acid Rand 5 volumes of heavy metal-free "imc add R. Allow
to digest at 170 °C for 5 h. Allow to cool. Dissolve the
residue in water R and dilute to 5.0 mL with the same
solvent.
Reference solutions Prepare the reference solutions using
nickelstaudardsolution (10 ppm NO R, diluting as necessary
with water R.
Source Nickel hollow-cathode lamp.
Wavelength 232.0 om.
Atomisation deuice Furnace.

Loss on drying (2.2.32)
Maximum 5.0 per cent.
In a weighing glass introduce 1.0 g of previously washed
sand R, dry at lOS 'C and weigh. Add 0.500 g of the
substance to.be examined and 10 mL of ethanol
(96 per <en!! R. Evaporate at 80 "C and dry the residue at
105 'C for 4 h.

Microbial contamination
TAMC: acceptance criterion 103 CFU/g (2.6.12).

TYMC: acceptance critetion 10' CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

Absence of SalnwnelIa (2.6.13).

ASSAY
Sodium
Dissolve 0.250 g with gentle heating in a mixrure of 5 mL of
acetic anhydride Rand 20 mL of anhydrous acetic acid R. Cool
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_____________________ PhE"

Deteaion Flame ionisation.
Inj«tion I ~L.

Relative retention Withreference (Q methyl stearate
(retention time =about 40 min): methyl
palmitate = about 0.88.

SYStem suitability Reference solution:
- resolution: minimum 5.0 betweenthe peaksdue to methyl

palmitate and methyl stearate.
Calculate the content of stearic acid and palmitic acid.

STORAGE
In an airtight container, protected from light.

and add 20 mL of dioxan R. Titrate with 0.1 M perch/one
acid, determining the end-point potentiometrically (2.2.20),

I rnL of 0.1 M perchloric acid is equivalent to 2.299 mg
ofNa.

Stearic acid and palmidc acid
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution In a conical flask fined with a reflux condenser,
dissolve 0.10 g of the substance to be examined in 5 mL of
boron trifluoride-methanol solution R. Boil under a reflux
condenser for 10 min. Add 4 rnL of heptane R through the
condenser and boil againunder a reflux condenser for
10 min. Allow to cool. Add 20 rnL of salUrared sodium
chloride solution R. Shakeand allow the layers to separate.
Remove about 2 rnLof the organic layer and dry over 0.2 g
of anhydrous sodium sulfate R. Dilute 1.0 mL of the solution
to 100.0 mL with heptane R.
Reference solution Prepare the reference solution in me same
manner as the test solution using 50.0 mg of palmitic
acidCRS and 50.0 mg of stearic acid CRS instead of the
substance lO be examined.
Column:
- material: fused silica,
- size: 1= 30 m, f2) ::::;,0.32 mm;
- stationary phase: macrogol 20 000 R (film thickness

0.5 urn),

Oanier gas helium for chromatography R.
Fhna rate 2.4 m1Jmin.
Temperature:

**** ** ** ****

4070-80-8390.5

H3CY}o~C02Na

o

(Ph. Bur. monograph 1567)

Sodium Stearyl Fumarate

cq2HJ9Na04
PhE" _

DEFINITION
Sodium octadecyl (E)-butenedioate.

Content
99.0 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white,fine powder with agglomerates of flat,
circular particles.
Solubility
Practically insoluble in water, slightly soluble in methanol,
practically insoluble in acetone and in anhydrous ethanol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sodium seearyL fumarate CRS.

TESTS
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Silylation solutio n. To 2 mL of N,o-bis(rrimethylsilyl)
trifluoroacetamide R add 0.02 mL of chlorotrimethylsilane R and
mix.

Test solution Introduce 15.0 mg of me substance to be
examinedin a vial with a screw cap and add 1 mL or the
silylation solution. Seal the vial and heat at about 70°C for
1 h. Afterthe reaction a precipitate remains in the viaf filter
the solution through a nylon filter (pore size 0.45 pm).
Reference solution Introduce 1.0 mg of sodium suaryl
maleate CRS and 1.0 mg of sodium stearyl fumarate CRS into
a vial with a screw cap and add 1 mL of the silylation
solution. Seal the vial and heat at about 70°C for 1 h.
Column:
- maurial: fused silica;
- size: 1= 15 m, 0 = 0.53 rnrn;
- stationary phase: methylpo/ysiloxane R (film thickness

0.15 urn).

Canier gas helium for chromatography R.
Fhna rate 2 m1Jrnin.
Sp/itratio 1:25.
Temperature:

70

70 -Jo 240

240

220

260

Temperature
CC>

Time
(min)

Column

Injection pert

Detector

Time
(min)

Temperature

CC>

Column

Injectionport

Detector

0- I

1 - 21

21 - 26

ISO
180 -i 320

320

250

320

Detection Flame ionisation.
Injection 2 ~L.

Relativeretention With reference to stearyl trimethylsilyl
fumarate (retention time = about 9 min): srearyl
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alcohol = 0.30; stearyl trimethylsilyl ether = 0.35; palmityl
trimethylsilyl fumarate =0.80; heptadecyl trimethylsilyl
fumarate =0.85; stearyl trimethylsilyl maleate =0.90;
nonadecyl trimethylsilyl fumarate = 1.05; eicos-Ll-enyl
trimethylsilyl fumarate =1.15; distearyl fumarate =2.25.

System suitability:
- resolution: minimum 1.5 between the peaks in the

chromatogram obtained with the reference solution.

Limiu:
- any impun"ty: maximum 0.5 per centj
- total: maximum 5.0 per cent.

Water (2.5.12)
Maximum 5.0 per cent, determined on 0.250 g.

ASSAY
Dissolve 0.250 g, accurately weighed) in 10 mL of methylene
chloride R and add 30 mL of anhydrous auric acid R. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2. 21f).

I mL of 0.1 M perchloric acid is equivalent to 39.05 mg of
C2,H3. NaO•.

FUNCTIONALlTY·RELATED CHARACTERISTICS
This section provides infonnation on charaaenstics that are
recognised as beingrelevamcontrol parameters for oneor mure
functions of the substance when usedas an e:«:ipient (seechapter
5.15). Some of the characteristics described in the Fnnclionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatoryquality
cruetia. In such cases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Gcintrol of the choraaeriuics can contribtue
'" the quality of a medicinal produa by improving the consistency
of the manufacturing process and thepetformonce of the medicinal
product dun·ng use. Where control methods arecited, they are
recognised as beingsuitable for the purpose, but othermethods can
also be used WhemJer results for a particular charaaeristic are
reported, the control methodmust be indicated.

The following characteristics may be relevant for sodium stearyl
fumarate used as a lubria:mt in tablets and capsules.

Particle-size distribution (2.9.31)

Specific surface area (2. 9.26, Metlwd l)
____________________ POE<r

Sodium Stibogluconate

t
OH

CaONa HO H

H 0 0 H

HOtH}:::Sb-O-Sb~H OH
H 0 0 H

H OH GOONa

OH

/6037-91-5

Action and use
Pentavalent antimony compound; antiprctozoal.

Preparation
Sodium Stibogluconate Injection

DEFlNlTION
Sodium Stibogluconate is mainly the disodium salt of u-oxy­
bis[gluconato(3-)-o', O',a'-hydroxoantimony].lt contains
not less than 30.0% and not more than 34.0% of antimony

Sodium Stibogluconate II-959

(v), calculated with reference to the dried and methanol-free
substance.

PRODUCTION
The method of manufacture is such as to ensure consistently
controlled reaction stoichiometry in order to yield sodium
stibogluconate that is satisfactory with regard to intrinsic
toxicity.

CHARACTERISTICS
A colourless, mosdy amorphous powder.

Very soluble in water; practically insoluble in ethatJOI (96%)
and in ether.

IDENTIFICATION
A. A solution is dextrorotatory.

B. Pass hydrogen sulfide into a 5% w/v solution for several
minutes. An orange precipitate is produced.

c. When heated it chars, without melting, leaving a residue
which yields the reactions characteristic of antimony
compounds and the reactions characteristic of sodium sallS,
Appendix VI.

TESTS
Stability and acidity of solution
Heat a solution containing the equivalent of 10% wlv of
antimony(v) in an autoclave at 115.5° and at Q pressure of
70 kPa for 30 minutes. The resulting solution is colourless or
almost colourless and has a pH of 5.0 to 5.6, Appendix V L.

Anrimonyfm)
Dissolve 2 g in 30 mL of water, add 15 mL of hydrochloric
add and titrate with O. 00833M potassium bromate VS using
methylorange solution as indicator. Not more than 1.3 mL of
0.00833M potassium bromate VS is required.

Chloride
Dissolve 2.5 g in 50 mL of waterand add 2 mL of 2M nirri<
acid and 75 mL of acetate bufferpH 5.0. Titrate with O.lM
silver nitrate VS determining the end point potentiometrically.
Not more than 3.0 mL of O.IM silvernitrate VS is required.

Methanol
Not more than 2.0% w/w when determined by the following
method. Carry out the method for gas chromatography)
Appendix ill B, using the following solutions. For solution
(I) add I mL of a 1.0% vlv solution of methanol to 5 mL of
a 0.2% vlv solution of absolute ethanol (internal standard).
For solution (2) add 5 mL of water to 0.5 g of the substance
being examined and mix with the aid of ultrasound until
solution is complete. For solution (3) add 5 mL of a
0.2% v/v solution of the internal standard to 0.5 g of the
substance being examined and mix with the aid of ultrasound
until solution is complete.

The chromatographic procedure may be carried out using a
glass column (1.5 m x 4 rom) packed with porous polymer
beads (80 to 100 mesh) (porapak Q and Chromosorb 101
are suitable) 'and maintained at 130°.

Calculate the percentage wlw of methanol taking 0.792 g as
its weight per mL at 20°.

Loss on drying
When dried to constant weight at 130° at a pressure not
exceeding 0.7 kPa, loses not more than 15.0% of its weight.
Use I g.

ASSAY
Dissolve 0.16 g in 30 mL of hydrochlori< acid, add 70 mL of
orthophosphon'c acid and stir carefully until completely mixed.
Titrate with 0.05M ammonium iron(IQ sulfate VS prepared
using sulfum acid (1%) and determining the end point
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potentiometrically using a platinum electrode and a silver­
silverchloride reference electrode. Each mL of
0.05M ammonium iron(II) sulfate VS is equivalent to 3.044 mg
of antimony(v).

magnesium standard sollllion (10 ppm Mg) Rand 5 mL of
water R.
Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 130°C.

POE" _

DEFINITION
Anhydrous disodium sulfate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder,hygroscopic.

Solubility
Freely soluble in water.

IDENTIFICATION
A. It gives reaction (a) of sulfates (2.3. I).

B. It gives reaction (a) of sodium (2.3.1).

C. Loss ou drying (see Tests).

TESTS
Solution S
Dissolve 2.2 g in carbon dioxide-free waterR prepared from
distiDed water R and dilute [0 100 mL with the same solvent.

Appearance of soludon
Solution S is clear (2.2.1) and colourless (2.2.2, M"hod II).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of bromothymol blue
solution RI. No! more than 0.5 mL of 0.01 M hydrodlloric
add or 0.01 M sodium hydroxide is required '0 change the
colour of the indicator.

Chlorides (2.4.4)
Maximum 450 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

Calcium (2.4.3)
Maximum 450 ppm, if intendedfor use in the manufacture
of parenteral preparations.
Dilute 10 mL of solution S to 15 mL with dis,,7led water R.

Iron (2.4.9)
Maximum 90 ppm, if intended for use in the manufacture of
parenteral preparations.
Dilute 5 mL of solution S to 10 mL with waterR.

Magnesium
Maximum 200 ppm, if intended for use in the manufacture
of parenteral preparations.
To 10 mL of solution S add I mL of glyuroJ (85 perWit) R,
0.15 mL of titan ydlow sdution R, 0.25 mL of ammonium
oxalate solution Rand 5 mL of dilute sodium hydroxide
solutwn R and shake. Anypink colour in the test solution is
not more intense than that in a standard prepared at the
same time in the same mannerusing a mixture of 5 mL of

DEFINITION
Disodiwn sulfate decahydrate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powderor colourless,
transparent crystals,

Solubility
Freelysoluble in water, practically insoluble in ethanol
(96 per cent). It partly dissolves in its own water of
crystallisation at about 33 "C.

IDENTIFICATION
A. It gives reaction (a) of sulfates (2.3.1).

B. It gives reaction (a) of sodium (2.3.1).

C. Loss on drying (see Tests).

POE" _

Action and use
Laxative.

Glauber's Salt
(Sodium Sulfate Decohydrate, Ph. Eur. monograph 0100)

Na,sO.,IOH,O 322.2 7727-73-3

Sodium Sulfate

___________________ POE"

ASSAY
Pack20 g of strongly acidic ion-exchange resin R into a glass
column, at least 20 ern long and 20 nun in internal diameter,
and cover it with water R. After 5 min, wash the resinwith
water R until the pH of the eluate is about 6 to 7 using a pH
indicator sttip R. Keep the resincovered with waterR.
Dissolve 0.500 g of the substance to be examined in 10 mL
of waterR in a beaker. Load the solution onto the column
and pass through the resin at a flow rate of about4 mUmin
until the resin is just covered with the solution. Using about
200 mL of water R, rinse the beaker and pass the rinsings
through the column at the same flow rate. Checkthat the pH
of the last eluate is about 6 to 7 usinga pH indicator strip R.
Tittate the eluate with J M sodium hydroxide, determining the
end-point potentiometrically (2.2. 21J).

1 mL of I M sodium hydroxide is equivalent to 71.00 mg of
Na,SO•.

STORAGE
Store in an airtight container.

LABELLING
The label states, whereapplicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

7757-82-6

Anhydrous Sodium Sulfate
Anhydrous Sodium Sulphate
(Ph. Eur. monograph 0099)

Na,SO. 142.0

Action and use
Laxative.
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""E<L _

DEFINITION
Content
95.0 per cent to 100.5 per cent ofNazS0 3'

CHARACTEWl
Appearance
White or almost white powder.

Solubility
Freelysoluble in water, veryslightlysoluble in ethanol
(96 per cent) .

IDENTIFICATION
A. Solution S (see Tests) is slightly alkaline (2.2.4).

B. To 5 mL of solution S add 0.5 mL of 0.05 M iodine.
The solution is colourless and gives reaction (a) of sulfates
(2.3./).

C. Solution S gives reaction (a) of sodium (2.3./).

D. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 5 g in waler R and dilute to 100 mL with the same
solvent.

Solution SI
To 10.0 g add 25 mL of waterR. Shake until mostly
dissolved, carefully and progressively add 15 mL of
hydrochloric acidR. Heat to hoiling. Cool and dilute to
100.0 mL with waur R.

Appearance of solution
Solution S is clear (2.2./) and colourless (2.2.2, Method I).

TWosulfates
Maximum 0.1 per cent.
To 2.00 g add 100 mL of waur R. Shake, add 10 mL of
formaldehyde solution R and 10 mL of aceti< acidR. Allow to
stand for 5 min. Add 0.5 mL of starch solution R and titrate
with 0.05 1\1" iodine. Carry Out a blanktitration.
The difference between the volumes used in the titrations is
not more than 0.15 mL.

Iron (2.4.9)
Maximum 10 ppm, determined on solutionSl.

Selenium .
Maximum 10 ppm.

To 3.0 g add 10 mL of formaldehyde solution R, carefully and
progressively add 2 mL of hydrochlori< acid R. Heat on a
water-bath for 20 min. Any pink colour in the solution is not
more intense than that of a standard prepared at the same
time and in the same manner using 1.0 g of the substance [Q

be examined to which 0.2 mL of selenium standard solution
(/00 ppm S,) R has been added.

line
Maximum 25 ppm.

Atomic absorption spectrometry (2.2.23, M,thod I).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-ire.. G'~t.;r R prepared from
distilled waterR and dilute [0 IVO mL with the same solvent.

Appearance of solution
Solution S is clear (2.2./) and colourless (2.2.2, M,thod If).

Acidity or a1kalinlty
To 10 mL of solution S add 0.1 mL of bromothymol blue
solurion R/. Not more than 0.5 rnL of 0.0/ M hydrochlori<
acidor 0.0/ M sodium hydroxide is required to change the
colourof the indicator.

CWorides (2.4:4)
Maximum 200 ppm.

Dilute 5 mLof solution S (0 15 mL with water R.

Calcium (2.4.3)
Maximum 200 ppm, if intended for use in the manufacture
of parenteral preparations.
Dilute 10 mL of solution S to 15 mL with distilled waterR.

Iron (2.4.9)
.Maximum40 ppm, if intended for use in the manufacture of
parenteral preparations.
Dilute 5 mL of solution S to 10 mL withwaterR.
Magnesium
Maximum 100 ppm, if intended for use in the manufacture
of parenteral preparations.
To 10 mL of solution S add I mL of g/y<erol (85 perunO R,
0.15 mL of titan yellowsolution R, 0.25 mL of ammonium
oxalate solution Rand 5 mL of diluu sodium hydroxide
solution R and shake. Anypinkcolour in the testsolution is
not more intense than that in a standardprepared at the
same time in the same mannerusing a mixtureof 5 mL of
magnesium standard solution (J0 ppm Mg) Rand 5 mL of
water R.

Loss on drying (2.2.32)
52.0 per cent to 57.0 per cent, determined on 1.000 g by
drying at 30"C for I h, then at 130 "C.

ASSAY
Pack 20 g of strongly acidic ion-exchange resin R Into a glass
column, at least 20 ern long and 20 nun in internal diameter,
and coverit with waterR. After 5 min, wash the resin with
waterR until the pH of the eluate is about 6 to 7 using a pH
indicator stripR. Keep the resin covered with water R.
Dissolve 1.100 g of the substance to be examined in 10 mL
of waterR in a beaker. Load the solution onto the column
and pass through the resin at a flow rate of about 4 mUmin
until the resin is just coveredwith the solution. Using about
200 mL of water RJ rinse the beakerand pass the rinsings
through the column at the same flow rate. Check that the pH
of the last eluate is about 6 to 7 using a pH indicator snipR.
Titrate the eluate with 1 M sodium hydroxideJ determining the
end-point potentiometrically (2.2.21J).

I mL of / M sodium hydroxide is equivalent to 71.00 mg of
Na,SO•.

LABELLING
The label states, where applicable, that the substance is
suitablefor use in the manufacture of parenteral
preparations.
___________________ ""E<L

Sodium Sulfite
Anhydrous Sodium Sulfite

Anhydrous Sodium Sulphite

(Ph. Bur. monograph 0775)

Na,SO, 126.0

Action and use
Antioxidant.

**** ** ** ****

7757-83-7
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PhE" _

Test solution Dilute 2.0 rnL of solution 31 to 10.0 mL with
ware,-R.
Reference solutions Prepare the reference solutions using zinc
standard solution (l00 ppm Zn) R, diluting with waterR.
Soorce Zinc hollow-cathode lamp.
Wavelength 213.9 run.

Atomisation device Air-acetylene flame.

ASSAY
Introduce 0.250 g into a 500 mL conical flask containing
50.0 mL of 0.05 M iodine. Shake until completely dissolved.
Add 1 mL of search solution R and titrate the excess of iodine
with 0.1 M sodium thiosulfate. Carry out a blank titration.
I mL of 0.05 M iodine is equivalent to 6.30 mg ofNa2S0,.
____________________ PhE"

119-88-8316.4

mixture of 4 slereoisomers

Action and use
Sclerosant.

Preparation
Sodium Tetradecyl Sulfate Injeetion

DEFINITION
Sodiwn Tetradecyl Sulfate Concentrate is an aqueous gel
containing sodium all-rac-4-ethyl-I-isobutyloetyl sulfate.
It contains not less than 46.0%wlw and not more than
52.0% wlw of C1.H2,NaO.S.

CHARACTERISTICS
A clear, colourless gel.

IDENTIFICATION
A. Carryout the methodforgas chromatography,
Appendix III B, using the following solutions. For solution
(I) boil 0.2 g under a reflux condenser with 20 mL of
2M hydrochlork add for IS minutes, aUow to cool, add 20 mL

Me H H OS020Na

Me~Me
H El

titration. The difference between the volumes used in the
tittations is ncr more than 0.15 mL.

Iron (2.4.9)
Maximum 5 ppm, determined on solution SI.

Selenium
Maximwn 5 ppm.

To 6.0 g add 10 mL offormaldehyde solution R, carefully and
progressivelyadd 2 mL of hydrochloric acidR. Heat on a
water-bath for20 min. Anypinkcolour in the solution is not
moreintense than that of a standard prepared at the same
time and in the samemanner using 2.0 g of the substance to
be examined to which0.2 mL of selenium standard solution
(100 ppm Se) R has been added.

Zinc
Maximwn 12 ppm.

Atomic absorption spectrometry (2.2.21, Methodl).

rest solution Dilute 2.0 mL of solution SI to 10.0 mL with
waterR.
Reference solutions Prepare the reference solutions using zinc
standard solution (l00 ppmZII) R, diluting with waterR.
Source Zinc hollow-cathode lamp.
Wavelength 213.9 run.

Acomisation deuice Air-acetylene flame.

ASSAY
Introduce 0.500 g into a 500 mL conical flask containing
50.0 mL of 0.05 M iodine. Shake until completely dissolved:
Add 1 mLof starch solution R and titrate the excess of iodine
with 0.1 M sodium thiosulfate. Carry out a blank titration.
I mL of 0.05 M iodine is equivalent to 6.30 mg ofNa2S0,.
____~~ ~ PhE<I

Sodium Tetradecyl Sulfate Concentrate
Sodium Tetradecyl Sulphate Concentrate

10102-15-5

Action and use
Antioxidant.

Sodium Sulphite Heptahydrate

(Ph. Bur. monograph 0776)

Na2S0,,7H20 252.2

Sodium Sulfite Heptahydrate

DEFINITION
Content
48.0 per cent to 52.5 per cent of Na2S03'

CHARACTERS
Appearance
Colourless crystals.

Solublllty
Freely soluble in water, veryslightly soluble in ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) is slightly alkaline (2.2.<{).

B. To 5 mL of solution S add 0.5 mL of 0.05 M iodine.
The solution is colourless and givesreaction (a) of sulfates
(2.3.1).

C. Solution S gives reaction (a) of sodium (2.3.1).

D. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 10 g in water R and dilute to 100 mL with the same
solvent.

Solution SI
To 20.0 g add 25 mL of waterR. Shake until mostly
dissolved, and carefully and progressively" add 15 mL of
hydrochloric acidR. Heat to boiling. Cool and dilute to
100.0 mL with waterR.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Me/hodl).

Thiosulfates
Maximum 0.05 per cent.

To 4.00 g add 100 mL of waterR. Shake to dissolve, add
10 mL of formaldehyde solution Rand 10 mL of acetic acidR.
Allow to stand for 5 min, then add 0.5 mLof starch
solution R and titrate with 0.05 M iodine. Carry out a blank
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PhE" _

Chloride
Dissolve 33 rng in sufficient water to produce 100 mL.
15 mL of the resulting solution complies with the limit testfor
chlorides, Appendix VII (I %).

Sulfared ash
10.3 to 13.3%, Appendix IX A.

ASSAY
Dissolve 2.4 g in sufficientwater to produce 1000 mL.
To 20 mL add 15 mL of chloroform and 10 mL of dimidium
bromide-sulfan blue mixedsolution and titrate with O.004M
benzethonium chloride VS) shaking vigorously and allowingthe
layers to separate after each addition) until the pink colour of
the chloroform layeris completelydischarged and a greyish
blue colour is produced. Each mL of O.004M benzethonium
chloride VS is equivalent to 1.266 mg of C14H29Na04S.

STORAGE
Sodium Tetradecyl Sulfate Concentrate should be protected
from lighr.

DEFINITION
Content
99.0 per cent to 101.0 per cent of Na2S20),5H20.

CHARACTERS
Appearance
Transparent) colourless crystals) efflorescent in dry air.

Solubility
Verysoluble in water) practically insoluble in ethanol
96 per cent. It dissolves in its waterof crystallisation at about
49°C.

IDENTIFICATION
A. It decolourises iodinated potassium iodide solution R.
B. To 0.5 mL of solution S (see Tests) add 0.5 mL of
water Rand 2 mL of silvernitrate solution R2. A white
precipitate is fanned which rapidly becomes yellowish and
then black.

C. To 2,5 mL of solution S add 2.5 mL of waterRand
I mL othydrochloric acid R. A precipitare of sulfur is formed
and gas is evolved which gives a blue colour to starch iodou
paperR.

D. I mL of solution S gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R prepared from
distilled water R and dilute to 100 mLwith the same solvent.

Appearance of solution
The freshly prepared solution is clear (2.2./) and colourless
(2.2.2, Method Il).

of ethanol (96%) and extract the mixture with two 10 mL
quantities of n-pentane. Wash the combined pentane extracts
with 20 mL of waterand dry over anhydrous sodium sulfate.
Solution (2) contains 0.35% w/v of decan-l-ol and 0.7% wlv
of dodecan-l-d in n-pentane.

The chromatographic procedure may be carried out using a
glass column (1.5 m x 4 nun) packed with acid-washed,
silanised diatomaceous support (80 [0 100 mesh) coated with
3% wlw of polyethylene glycol (Carbowax 20M is suitable)
and maintained at 1200

•

The retention time of the principal peak in the
chromatogram obtainedwith solution (1) is less thanthe
retention time of the peak due to dodecan-I-ol and more
than that of the peak due to decan-l-ol in me chromatogram
obtained with solution (2).

B. Mix 0.1 mLofa 2% wlv solution with 0.1 mLofa
0.1% wlv solution of methylene blue and 2 mL of 1M sulfuric
acid, add 2 mL of chloroform and shake. The chloroform layer
is intensely blue.

C. Mix 20 mg with 10 mL of ethanol (96%) and heat to
boilingon a water bath, shaking frequently. Filter
immediately and evaporate the ethanol. Dissolve the residue
in 8 mL of water, add 3 mL of 2Mhydnxh/oric acid, evaporate
the solution to half its volume and cool. Filter to remove the
congealed fatty alcohols and add I mL of 0.25M barium
chloride to the filtrate. A white, crystalline precipitate is
produced.
D. Yields reactionB characteristic of sodium salts,
Appendix VI.

TESTS
Alkalinity
Dissolve I gin 100 mL of water and add 0.1 mL of methyl
red solution; the solution is yellow. Not more man 0.5 mLof
0.1M hydro<hlori< acidVS is required ro change the colour of
the solution.

Non-Ionic impurities
Not more than 3.0% w/w, with respect to the nominal
content of Sodium Tetradecyl Sulfate, when determined by
the method for gas chromarography, Appendixill B, using the
following solutions. Dissolve 75 mg of dodecan-l-d{internal
standard) in sufficientn-hexane to produce 100 mL
(solution A). For solution (1) extract 1 g of the concentrate
being examined with 10 mL of solution A followed by two
10 mL quantitiesof n-hexane. Pass 10 mL of the combined
extracts at a rate of about 1.5 mL per minute through a
column, 1 em in diameter)packed with 5 g of basic
aluminiwn oxide(Brockmann grade n is suitable) and pre­
washed with 25 mL of n-hexane. Elure with 20 mL of a
mixture of equal volumes of n-hexane and ether) evaporate to

drynessusing a rotary evaporator and dissolve the residue in
2 mL of n-hexane. Prepare solution (2) in the same manner
bur using 10 mL of n-hexane in place of 10 mL of
solution A.

The chromatographic procedure may be carried out using a
glass column (1.5 m x 4 mm) packed with acid-washed,
silanised diatomaceous support (80 to 100 mesh) coared with
3% wlw of polyethylene glycol (Carbowax 20M is suitable)
and maintainedat 1200

•

Allow the chromatography to proceed for the retention time
of the peak due to the internalstandard.
In the chromatogram obtained with solution (1) the sum of
the areas of any secondary peaks is not greater than twice the
area of the peak due to the internal standard.

Sodium Thiosulfate
Sodium Thiosulphare

(Ph. Eur. monograph 0414)

Na,S,O,,5H,O 248.2

Action and use
Used in treatment of cyanide poisoning.

Preparation
Sodium Thiosulfate injection

10102-17-7
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P1>E", ~ _

____________________ P1>,'"

80

80 -. 150

150 -. 190

190

220

220

Temperature
rC)

Time
(min)

0-5

5·15

15·28.3

28.3 - 30

If the spectra obtained in the solid state show differences,
record new spectra using discs prepared by placing 50 JlL of
a 100 gIL solution in methanol R on a disc of potassium
bromide R and evaporating the solvent in vacuo. Examine
immediately.
B. 2 mL of solution S (see Tests) gives reaction (a) of
sodium (2.3.1).

TESTS
Solution S
Dissolve 1.25 g in 20 mL of distilled waterR in a separating
funnel, add 5 mL of dilute nitric add R and shake. Allow the
mixture to stand for 12 h. Use the aqueouslowerlayer.

Appearance of solution
The solution is not more opalescent thanreference
suspension II (2.2.1) and not more intenselycolouredthan
reference solution Y6 (2.2.2, kIethodI/).

Dissolve 2.0 g in waterR and dilute to 10 mL with the same
solvent.

Acidity or alkalinity
Dissolve 1.0 g in 10 mL of waterR. Add 0.1 mL of
phenoiphthakin solution R. Not more than 0.75 mL of 0.1 M
hydrochlori< acidor 0.1 M sodium hydroxide is required to
change the colour of the indicator.

Related substances
Gas chromatography (2.2.28).

Test solution Dissolve 0.500 g of the substance to be
examined in 10 mL of waterR. Add 5 mL of duutesulfuric
acidR and shakewith 3 quantities, each of 20 ml., of
heptane R. Dilute the combined upper layers to 100.0 mL
with heptane R.
Reference rolution (a) Dissolve 5 mg of valproic acidfor
system suitability CRS (containing impurity K) in 1.0 mL of
heptane R.

Reference sohuion (b) Dilute 1.0 mL of the test solution to
100.0 mL with heptane R.
Column:
- material: wide-bore fused silica;
- size: I=:; 30 m, 0 =:; 0.53 mID;
- stationary phase: macrogol 20 000 2-nitroterephthalate R (film

thickness 0.5 urn).

Carrier gas helium for chromatography R.
Flow rale 8 mUmin.

Temperature:

Injectionpon

Detector

Column

Detection Flame ionisation.
Injection I 1'1..
Rdative retention With reference to valproic acid (retention
time =about 17 min): impurity K =about 0.97.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity K and vaJproic acid.

1069-66-5166.2

H,C~Co,Na

H3C~

Action and use
Antiepileptic.

Preparations
Sodium Valproate Gastro-resistant Tablets
Sodium Valproate Oral Solution

Sodium Valproate Tablets

Sodium Valproate Prolonged-release Capsules
Sodium Valproare Prolonged-release Tablets

(ph. Bur. monograph 0678)

Dissolve 10.0 g in 50 mL of distilled water R, add I mL of
0.1 M sodium hydroxide and dilute to 100 mL with the same
solvent.

Sodium Valproate

ASSAY
Dissolve 0.500 g in 20 mL of water Rand ut.rate with
0.05 i\-1 iodine, using I mL of starch solution R, added. towards
the end of the titration, as indicator.
I mL of 0.05 M iodine is equivalent to 24.82 mg
of Na2S203,5HzO.

STORAGE
In an airtight container.

pH (2.2.3)
6.0 to 8.4 for the freshly prepared solution S.

Sulfates and sulfites (2.4.13)
Maximum 0.2 per cent.

Dilute 2.5 mL of freshly prepared solution S to 10 mL with
distilled waterR. To 3 mL of this solution first add 2 mL of
iodinated potassium iodide solution R and continue the addition
dropwise until a very faint persistent yellow colour appears.
Dilute to 15 mL with disu7led waterR. '

Sulfides
To 10 mL of solution S add 0.05 mL of a freshly prepared
50 gIL solution of sodium nitroprusside R. The solution does
not become violet.

DEFINITION
sodium z-propylpentanoare.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline, hygroscopic powder.

Solubility
Verysoluble in water, freely soluble in ethanol (96 per cent).
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sodium valproate CRS.
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2022 Solifenacin Succinate 11-965

andenantiomer

o

H,cdNH,

H,C

F. 2-propylpentanamide,

D. 2,2-dipropylpentanoic acid,

1. 2-propylpentanenitrile,

H'CA
H3C CH3

J. 2,2-dipropylpentanenittile,

G.2,2-dipropylpentanamide,
H3C~CN

H,c--./

K. (2RSJ-2-ethyl-2-methylpentanoic acid,

(Ph. Eur. monograph 2779)

___________________ PIlE"

Solifenacin Succinate

L. (2RSJ-2-methylpentanoic acid.

andenenucmer

B. (2RSJ-2-ethylpentanoic acid,

A. pentanoic acid (valerie acid),

Limits:
- impurity K: not more than 0.15 times me area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than
0.05 times the area of the principal peak in the
chromatogram obtained withreference solution (b)
(0.05 per cent);

- total: not more than 0.2 times the area of the principal
peak in the chromatogram obtainedwith reference
solution (b) (0.2 per cent);

- disregard limit: 0.03 times the area of the principal peak in
the chromatogram obtainedwithreference solution (b)
(0.03 per cent).

Chlorides (2.4.4)
Maximum 200 ppm.

To 5 mL of solution S add 10 mL of water R.

Sulfates (2.4.13)
Maximum 200 ppm, determined on solution S.

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

ASSAY
Dissolve 0.150 g in 25 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchiotic acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchloric acidis equivalent to 16.62 mg
of CSHlSNa02'

STORAGE
In an airtight container.

IMPURITIES
Specified impurities K.
Ocher dete<wble impurities (the following subswnces would, if
present at a sufficient level, be detected by oneor other of the rests
in the monograph. They are limited by the general acceptance
enierion for otherhmspecified impuniies andlor /ry 'he general
monograph Substances for pharmaceutical use (2034). I' is
there/ore nor neassary W identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
insubstances forpharmaceutical use) A, B, C, D, F, G, I,
J, L.

Action and use
Muscarinic MJ receptor antagonist; anticholinergic.

H,C~o,H
" andenennomer

H CH,

H,C

480.6 242478-38-2

C. (2RSJ-2-(f-methylethyljpentanoic acid,
PIlE,; --

DEFINITION
(3R)-I-Azabicyclo[2.2.2]oetan-3-yl (ISJ-l-phenyl-3,4­
dihydroisoquinoline-2(IHl-carboxylate hydrogen
butanedioate.

Content
99.0 per cent to 101.0 per cent (dried substance).
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11-966 Solifenacin Succinate

CHARACTERS
Appearance
Whiteor light yeJlow powder.

Solubility
Very soluble or .freely soluble in water, soluble in ethanol
(96 per cent), practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).
Comparison sohYenacin succinate CRS.
B. Isomeric purity (see Tests).

TESTS
Isomeric purlty
Liquid chromatography (2.2.29).
Test solution Dissolve 50 mg of the substance to be
examined in me mobile phase and dilute to 20.0 mL with
the mobile phase.

Reference solution (a) Dissolve the contents of a vial of
soli/enacinfor system suitabl1ity CRS (containing impurities F,
G and H) in 1.0 mL of the mobile phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: amylose derivative of silica gelfor chiraJ

separation R (5 urn);
- temperature: 35 "C.
Mobile phase dierhylomine R, anhydrous erhanol R, heptane R
(0.1:200:800 VIVIII).

Fbno rate 0.8 mUmin.
Detection Spectrophotometer at 220 nm.
Injection 10 Jl1..
Run time 1.5 times the retention time of soHfenacin.
Identification of impuniies Use the chromatogram supplied
with solifenadn for system suitability CRS and the
chromatogram obtainedwith reference solution (a) to
identifythe peaks due to impurities F, G and H.
Relativeretention Withreference (Q solifenacin (retention
time =about 17 min): impurity F =about0.7;
impurity H = about 0.76; impurity G = about 0.84.
System suitabl7ity Reference solution(a):
- resolution: minimum 1.5 between the peaks due to

impurities F and H;
- peak-UHJalJey ratio: minimum 10, where Hp = height

above the baseline of the peakdue to impurity G and
H v =heightabove the baseline of the lowestpoint of the
curve separating this peak from the peakdue to
impurity H.

Calculation of percentage contents:
- for each impurity, use the concentration of solifenacin

succinate in reference solution (b).

Limits:
- imputines F, G, H: for each impurity, maximum

0.15 per cent.

Impurity E
Thin-layer chromatography (2.2.27).
Test solution Dissolve 0.500 g of the substance to be
examined in methanol R and dilute (Q 5.0 mL with the same
solvent.

2022

Reference solution Dissolve 5.0 mg of 3-quinudidinof R
(impurity E) in methanol R and dilute to 50.0 mL with the
same solvent.
Pia" TLC silica gelpla" R (2-10 urn).

Mobile phase concentrated ammonia RJ anhydrous ethanol R,
toluene R (6:31:63 VIVIII).

Applicalion I0 ~L.

Development Over 2/3 of the plate.

Drying At 100-105 'C for I h.
Detection Expose to iodinevapour for at least 2 h.
RelatiVe retention Withreference to solifenacin
(Rp = about 0.6): impurity E = about 0.2.
Li'mit:
- impuniy E: any spot due to impurity E is not more intense

than the corresponding spot in the chromatogram
obtained with the reference solution (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Dissolve 0.6 g of ammonium phosphate R in
I L of waterR, add 1.0 mL of diethylamine R and adjust to
pH 11 with concentrated ammonia R.
Test solution Dissolve 0.100 g of the substance to be
examined in mobile phaseA and dilute to 100.0 mL with
mobile phase A.
Reference toIution (a) Dissolve 5 mg of i-phenyl-l,2,3,4­
tetrahydroisoquinoline R (impurity A) in the test solution and
dilute to 25.0 mL with the test solution.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.
Column:
- size: 1= 0.10 m, 0 =2.1 mm;
- stationary phase: end-eapped ethylene-bridged polar-embedded

octad«ylsilyl silica gelfor chromatography (hybridmaleriaO R
(1.7 ~m);

- temperature: 40 "C.
Mobile phase:
- mobile phase A: acetonitrile R/, solventmixture

(45:55 VIII);
- mobile phase B: acetonitrile R/;

TIm, Mobile phase A MobUe phase B
(min) (per cent YIV) (per cent VIJI)

0·0.5 9. lO

0.5 - 10.5 90 ..... 68 10 ..... 32

10.5 - 12.5 68 32

Flow rate 0.4 mUmin.
Detection Spectrophotometer at 215 run.

Injection 2.5 ~L.

ldendficasion of impuruies Use the chromatogram obtained
withreference solution (a) to identify the peak due to
impurity A.
Relative retention With reference to solifenacin (retention
time =about2 min): succinate =about 0.2;
impurity A = about 0.7.
System suitability Reference solution (a):
- resolution: minimum 4.0 between the peaks due to

impurity A and solifenacin.
Calculation ofpercentage contents:
- for each impurity, use the concentration of solifenacin

succinate in reference solution (b).
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Limits:
- unspecified impurities; for each impurity, maximum

0.10 per cent;
- cocal: maximwn 0.3 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due to

succinate.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 mL of anhydrous acetic add R. Titrate
with 0.1 M perchlonc acid, determining the end-point
potentiometrically (2.2.2fJ).

I mL of 0.1 M perchkmc acid is equivalent to 48.06 mg of
C27HnN206'

IMPURITIES
Specified impurities E, F, G, H.
Other detectable impurities (thefollcwing rub'tances would, if
present at a sufficient leve/~ be detecud by oneor other of the tests
in themonograph. They are limited by thegeneral acceptance
oiutionforotherhm,pedfied impurities ond/or by thegeneral
monograph Subsrances forphannaceuti<al use(2034). It is
therefore notnecessary ro identify these impurities for
demonstration oj compliance. See also 5.10. Control of impun"cies
in substances forpharmaceutical use) A, BJ C, D, 1.

A. (1S)-I-phenyl-I,2,3,4-tettahydroisoquinoline,

Somatostatin 11-967

E. (3R)-I-azabicyclo[2.2.2]oetan-3-01 (3-quinuclidinol),

F. (3S)-I-azabicyclo[2.2.2]oetan-3-yl (1R)-I-phenyl-3,4­
dihydroisoquinoline-2(1H)-carboxylate,

G. (3R)-I-azabicyclo[2.2.2]oetan-3-yl (lR)-I-phenyl-3,4­
dihydroisoquinoline-2(1H)-carboxylate,

H. (3S)-I-azabicyclo[2.2.2] oetan-3-yl (1S)-I-phenyl-3,4­
dihydroisoquinoline-2(1H)-carboxylate,

I. (3R)-3- [[(1S)-I-phenyl-3,4-dihydroisoquinoline-2(I H)­
carbonyl]oxy]-I-azabicyclo[2. 2.2]oetane I-oxide
(solifenacin N-oxide).

____________________ F'f>ElI

H-~a-~-~-~-kn-P~-~-~-~-lli-

'------, "
-Phs- Thr-Ser-Cys-OH

B. propan-2-yl (1S)-I-phenyl-3,4-dihydroisoquinoline-2(1H)­
carboxylate,

0· '1 &- H 0 H

cxJ~N\ :

Somatostatin
(Ph. Eur. monograph 0949)

1638 38916-34-6

C. bis[(1S) -I-phenyl-3,4-dihydroisoquinolin-2(I H) -yl]
methanone,

D. [(IR)-I-phenyl-3,4-dihydroisoquinolin-2(IH)-yl] [(lS)-I­
phenyl-3,4-dihydroisoquinolin-2(1H)-yllmethanone,

Action and use
Growth hormone release inhibiting hormone.

PIIElI _,--- _

DEFINITION
s',SI4-Cyclo(L-aianylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L­
phenylalanyl-L-phenylalanyl-L-ltyptophyl-L-Iysyl-L-threonyl-L­
phenylalanyl-L-threonyl-L-seryl-L-cysteine).

Syntheticcyclic tetradecapeptide havingthe structure of the
hypothalamic hormone that inhibits the release of human
growth hormone. It containsa variable quantity of acetic
acid. It is available in. the freeze-dried form.

www.webofpharma.com



Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 15 J.lL of the test solution and reference
solutions (b), (c) and (d).

Identification of peaks Use the chromatogram obtained with
reference solution (b) to identify the peak due to reduced
somatostatin; use the chromatogram obtained with reference
solution (c) to identify the peak due to impurity B; use the
chromatogram obtained with reference solution (d) to
identify the peak due to impurity F.

Relative retention With reference to somatostatin (retention
time = about 12 min): impurities B and F = about 1.03j
reduced somatostatin = about 1.09; impurities C
and D = about 1.11; impurity E = about 1.22.

Systemsu;wbility Reference solution (b):
- the ratio of the area of the peak due to reduced

somatostatin to the area of the peak due to somatostatin
is between 1:9 and 9:1j

- resolution: minimum 3.5 between the peaks due to
somatostatin and reduced somatostatin;

- number of theoretical plates: minimum 15 000, calculated
for the peak due to somatostatin;

- symmetry factor. maximum 2.7 for the peak due to
somatostatin.

Limits:
- impurity B orF: maximum 1.0 per cent;
- unspecified impurities: for each impurity, maximum

0.5 per cent;
- lOlal: maximum 2.0 per cent,
- reporting threshold: 0.1 per cent.

Acetic acid (2.5.34)
3.0 per cent to 15.0 per cent.

Testsolution Dissolve 7.0 mg of the substance to be
examined in a mixture of 5 volwnes of mobile phase B and
95 volumes of mobile phase A) then dilute to 10.0 mL with
the same mixture of mobile phases.

Water (2.5.32)
Maximum 8.0 per cent) determined on 10.0 mg.

Bacterial endotoxin. (2.6.14)
Less than 10 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection 10 J.tL of the test solution and reference
solution (a).

Calculate the percentage content of somatostatin
(C76HLO~18019S2) taking into account the assigned content
OfC7JIlO~18019S2in somatostatin CRS.

STORAGE
In an airtight container) protected from light, at a
temperature of 2 °C to 8°C. If the substance is sterile) the
container is also sterile and tamper-evident.

IMPURITIES
Specified impurities B, F.

Il-968 Somatostatin

Content
95.0 per cent to J04.0 per cent (anhydrous and acetic acid­
free substance),

CHARACTERS
Appearance
White or almost white" hygroscopic, amorphous powder.

Solubility
Freely soluble in water and in acetic acid, practically
insoluble in methylene chloride.

IDENTIFICATION
A. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with me test solution is similar in retention time to the
principal peak in the chromatogram obtained with reference
solution (a).

B. Amino acid analysis (2.2.56). Method I for hydrolysis and
method I for analysis are suitable.

Express the content of each amino acid in moles. Calculate
the relative proportions of the amino acids taking 118 of the
sum of the number of moles of aspartic acid, alanine, lysine,
glycine and phenylalanine as equal to 1. The values fall
within the following limits: aspartic acid: 0.90 to 1.10j
glycine: 0.90 (0 1.10; alanine: 0.90 to 1.10; phenylalanine:
2.7 to 3.3j serine: 0.7 to 1.05j threonine: 1.4 to 2.1j half­
cystine: 1.4 to 2.1j lysine: 1.8 to 2.2. Not more than traces of
other amino acids are present.

TESTS
Specific optical rotation (2.2.7)
-47 to -37 (anhydrous and.acetic acid-feee substance).

Dissolve 2.0 mg in 1.0 mL of a 1 per cent VIV solution of
glacial acetic acidR.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure. Prepare the solutions immediately before use.
Test solution Dissolve the substance to be examined in
waterR to obtain a concentration of 1.0 mglmL

Reference solution (a) Dissolve the contents of a vial of
somatostatin CRS in water R to obtain a concentration of
1.0 mglmL.

Reference solution (b) Dissolve the contents of a vial of
somatostatin CRS in a 1 mg/ml; solution of dithioerylhn·wl R
to obtain a concentration of 1.0 mglmL. Allow to stand at
room temperature for about 1 h..Mix 1 volume of this
solution and 1 volwne of reference solution (a).

Reference solution (c) Dissolve the contents of a vial of
somatostatin impun'ey B CRS in 1.0 mL of water R.
Reference solution (d) Dissolve the contents of a vial of
somatostatin impurily F CRS in 1.0 mL of waterR.

Calumn:
- size: 1= 0.25 m, 0 =4.6 mm;
- suuionasy phase: end-eapped octad«y/silyl silica gelfor

chromatography R (5 urn).

Mobile phase:
- mob/7e phase A: mftuoroacetic acidR) acetonitrile for

chromatography R, waterfor chromatography R
(0.1 :20:80 VIVIJI);

- mobile phase B: mfiuoroacetic acidR) Qtewnitri/e for
chromatography R, waterfor chromatography R
(0.1 :45:55 VIVIJI);

Time
(min)

0-25

25 - 30

30 - 32

Mobile phase A
(per cent VIP)

Joo --> 0

o
0-->100

2022

MobUe phase B
(per cent VIP)

0--->100

'00
100 ---> 0
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Otherdetectable impurities (the following substances uxndd, if
present at a sufficient level, be detected by oneor otherof the tests
in the monograph. They are limitedby the general acceptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not neussary to idenu"jy these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) C, D, E.

H- ALa -Gly -Cys -lys- Asn- Phe-Phe- Trp - Lys -Phe-
I •

-Thr'Ser-Cys-OH

B. des-lO-threonine-somawstatin (des-1br1o-somatostatin),

Ac-AJa-GIy-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-
L---, •

-Phe- Thr-Ser-Cys-OH

C. acetylsomatostatin ([Ac-Ala1]somatostatin),

M
I

H-Ala - Gly -Cys -lys - Asn-Phe -Pne- Trp -Lys· Thr-
'------, .

-Phe'Thr-Ser-Cys-OH

D.!'f'<-acetylsomatostatin ([Lys(Ac)<]somatostatin),

M
I

H-AJa-~-Cys-~-Asn-~-~-~-~-~-

L-, 10

-Phe- Thr-Ser-Cys-OH

E. !'f,9-acetylsomalOSlatin ([Lys(Ac)9]somatostatin),

eN,
H-Ala-GIy- Cys -lys - Ala -Phe -Pile- Trp- Lys- Thr-

'------, "
-Phe-fhr-Sor-Cys-OH

F. [5-(3-cyanoaianine)]somatoSlatin ([A1a(CN)']
somatostatin).

____________________ PhE'"

Somatropin *****
* *
*****(ph. Eur. monograph 0951)

FPTIPLSRLF DNAMLRAHRL HQIAFDTYQE FEEAYIPKEQ

KYSFLQNPQT SLCFSESIPT PSNREETQQK SNLELLRISL

LLIQSWLEPV . QFLRSVFANS LV'iGASDSNV YDLLKDLEEG

IQTLMGRLED GSPRTGQIFK QT'iSKFDTNS HNDDALLKN'i
~

GLL'iCFRKDM DKVETFLRIV QCRSVEGSCG F

22125

Action and use
Growth hormone.

Preparation
Somatropin Injection

Ph'" _

DEFINITION
Protein having the structure (191 amino-acid residues) of the
major component of growth hormone produced by the
hwnan pituitary.

Content
91.0 per cent to 105.0 per cent (anhydrous substance).

Somatropin II-969

By convention, for the purpose of labelling somatropin
preparations, 1 mg of anhydrous somatropin
(C990HISzaN2620JOOS1) is equivalent to 3.0 IV of biological
activity.

PRODUCTION
Somatropin is produced by a method based on recombinant
DNA (rDNA) technology. During the course of product
development, it must be demonstrated that the
manufacturing process produces a product having a
biological activity of not less than 2.5 IU/mg, using a
validated bioassay based on growth promotion and approved
by the competent authority.

Somatropin complies with the following additional
requirements.

Host-cell-derived proteins
The limit is approved by the competent authority.

Host-cell- and vector-derived DNA
The limit is approved by the competent authority.

CHARACTERS
Appearance
White or almost white powder.

IDENTIFICATION
A. Capillary electrophoresis (2.2.47) as described in the lest
for charged variants with the following modifications.

Injection Test solution (b); under pressure or vacuum, using
the following sequence: sample injection for at least 3 s then
CZE buffer injection for 1 s.

Results In the electropherogram obtained, only I principal
peak, corresponding to scmarropin, is detected: no doubling
of this peak is observed.

B. Examine the chromatograms obtained in the test for
related proteins.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with the
reference solution.

C. Peptide mapping (2.2.55).

SELECTIVE CLEA VAGE OF THE PEPI1DE BONDS

Test solution Prepare a solution of the substance to be
examined in 0.05 M tris-hydrochlotide buffer solution pH 7.5 R
to obtain a solution containing 2.0 rng/ml, of somatropin and
transfer about 1.0 mL to a tube made from a suitable
material such as polypropylene. Prepare a 1 mg/ml; solution
of trypsin for peptide mappingR in 0.05 M tris-hydrochlon"de
buffersolution pH 7.5 R and add 30 ~L to the solution of the
substance to be examined. Cap the tube and place in a
water-bath at 37°C for 4 h. Remove from the water-bath
and stop the reaction immediately, for example by freezing.
If analysed immediately using an automatic injector, maintain
at 2-8 °C.

Reference solution Prepare at the same time and in the same
manner as for the test solution, but using somatropin CRS
instead of the substance to be examined.

CHROMATOGRAPHIC SEPARATION Liquid chromatography
(2.2.29).

Column:
- size: I = 0.25 m, 0 = 4.6 nun;
- stationary phase: octyisilyl silica gelfor chromatography R

(5-10 urn) with a pore size of 30 nm;
- temperature: 30°C.
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1I-970 Somatropin

Mobil, phase:
- mobile phase A: dilute 1 mL of trifluoroacet~acid R to

1000 mL with waterfor chromatography R;
- mobile phase B: to 100 mL of waterfor

chromatography R, add I mL of trifluoroocetic acidR
and dilute to 1000 mL with acetonitrile Rl;

Time Moblle phase A Mobile phase B
(mIn) {per cent Vm (per cent VIJI)

O~ 20 100 ..... 80 0->20

20 - 40 80 ..... 75 20 ..... 25

40 - 65 15 ..... 50 25 ..... 50

65 - 70 50 ..... 20 50 ..... 80

Flow rate 1 mUmin.
Detection Spectrophotometer at. 214 nm.

Injection 100 ~L.

System suitability The chromatogram obtained with the
reference solution is qualitatively similar to the chromatogram
of somatropin digest supplied with somatropin CRS.
Results The profile of the chromatogram obtained with the
test solution corresponds to that of the chromatogram
obtained with the reference solution.

D. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with the
reference solution.

TESTS
Related proteins
Liquid chromatography (2.2.29): use the normalisation
procedure. klainrain the solutions at 2-8 DC and usewithin
24 h. If an atuomauc injector is used, maintain it at 2-8 DC.

Testsolution Prepare a solution of the substance to be
examined in 0.05 M Iris-hydrochloride buffer solution pH 7.5 R,
containing 2.0 mg/ml, of somatropin.

Reference solution Prepare a solution of somaoopin CRS in
0.05 M Iris-hydrochloricle buffersolution pH 7.5 R, containing
2.0 mg/mL of somatropin.

Resolution solution Dissolve the contents of a vial of
somatropinldesamidosomatropin resolution mixture CRS in
0.05 M Iris-hydrochloride buffersolution pH 7.5 R to obtain a
concentration of 2 mg/rnl; of somarropin,

Column:
- size: I =0.25 m, 0 =4.6 nun;
- "al/anary phase: end-eapped bUl~1y1 silica gelfor

chromatography R (5 JUIl) with a pore size of 30 om;
a silica saturation column is placed between the pump
and the injector valve;

- temperature: 45 DC.

Mobile phase propanol R, 0.05 M tris-hydrochloride buffer
soluuon pH 7.5 R (29:71 VIV).

Flow race 0.5 mUmin.

Detection Spectrophotometer at 220 run.

Preconditioning of the column Rinse with 200-500 mL of a
0.1 per cent VIV solution of tn'fiuoroaatU add R in a
50 per cent VIV solution of aatonitrileR; repeat as necessary,
to improve column performance.

1nj«tion 20 ~L.

Relative retention With reference to somatropin (retention
time = about 33 min; if necessary adjust the concentration of
propanol R in the mobile phase):
desamidosomatropin = about 0.85.

2022

System suitability Resolution solution:
- resolution: minimum 1.0 between the peaks due to

desamidosomatropin and somatropin;
- symmelryfactor. 0.9 to 1.8 for the peak due to somatropin.

Limit:
- total: maximum 6.0 per cent.

Dimer and related substances of higher molecular
mass
Size-exclusion chromatography (2.2.30): use the
normalisation procedure.

Test solution Prepare a solution of me substance to be
examined in 0.025 M phosphate buffer solution pH 7.0 R,
containing 1.0 mg/ml; ofsomatropin.

Reference solution Dissolve the contents of a vial of
somacropin CRS in 0.025 M phosphate buffer solution pH 7.0 R
and dilute with the same solution to obtain a concentration
of 1.0 mg/mL.

Resolution solution Place 1 vial of somaoopin CRS in an oven
at 50 DC for a period sufficient to generate 1-2 per cent of
dimer (typically 12-24 h). Dissolve its contents in 0.025 M
phosphate buffersolution pH 7.0 R and dilute with the same
solution to obtain a concentration of 1.0 mglmL.

Column:
- size: 1= 0.30 m, 12) = 7.8 mm;
- stationary phase: hydrophl7ic silica gelfor chromatography R

of a grade suitable for fractionation of globular proteins in
the relative molecular mass range of 5000 to 150000.

MoMe phase 2-propanol R, 0.063 M phosphate buffer solution
pH 7.0 R (3:97 VIV); filter and degas.

Flaw rate 0.6 mllmin.

Detection Spectrophotometer at 214 nm.

l,yection 20~.

Rdative retention With reference to somatropin monomer
(retention time = 12 min to 17 min): related substances of
higher molecular mass =about 0.65; sornatropin
dimer = about 0.9.

Systemsuitability Resolution solution:
- peak-to-valley ratio: minimum 2.5, where Hp = height

above the baseline of the peak due to the dimer and
HI) = height above the baseline of the lowest point of the
curve separating this peak from the peak due to the
monomer.

Limit:
- sum of thepeaks with retention times less than that of the

pn·ncipal peak: maximum 4.0 per cent.

Charged varlants
Capillary electrophoresis (2.2.47).

Testsolution (a) Prepare a solution of the substance to be
examined containing 1 mg/mL of somatropin.

Test solution (b) Mix equal volumes of test solution (a) and
the reference solution. -r

Reference solution Dissolve the contents of a vial of
somatropin CRS in waterR and dilute with the same solvent
to obtain a concentration of 1 mg/ml..

Capillary:
- material: uncoated fused silica;
- size: effective length = at least 70 ern, 0 = 50 pm.

Temperature 30 °C.

CZE buffer 13.2 gIL solution of ammonium phosphate R
adjusted to pH 6.0 with phosphoric acidR and filtered.

Detection Spectrophotometer at 200 run.

Set the outosompler to store the samples at 4 DC during analysis.
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Preconditioning of the capillaty Rinsewith 1 1\1 sodium
hydroxide for 20 min, with waterR for 10 min and with
the CZE buffer for 20 min.

Between-nm rinsing Rinse with 0.1 M sodium hydroxide for
2 min and with the CZE buffer for 6 min.

No": nosingrimes may be adapted according to the length of the
capillary and the equipment used.
Injection Test solution (a) and the reference solution; under
pressure or vacuum, using the following sequence: sample
injection for at least 3 s then CZE buffer injection for 1 s.

The injection time and pressure may be adapted in order to
meet the system suitability criteria.

Migradon Apply a field strength of 217 Vlcm (20 kV for
capillaries of 92 cm total length) for 80 min, using the CZE
buffer as the electrolyte in both buffer reservoirs.

Relativemigration With reference to scmatropin: deamidated
forms =1.02 to 1.11.

Systemsuitability Reference solution:
- the eleetropherogram obtained is similar to the

elecrropherogram of somatropin supplied with
somatropin CRS; 2 peaks (IIJ 12) eluting prior to the
principal peak and at least 2 peaks (I" I.J eluting after the
principal peak are clearly visible.

Note: peah1, corresponds to the cleaved form and peak 1,
corresponds to the deomidaudforms, eluting as a doublet.
Limits:
- deamidatedfonns: maximum 5.0 per cent;
- airyother impurity: for each impurity, maximum

2.0 per cent;
- total: maximum 10.0 per cent.

Water (2.5.32)
Maximum 10.0 per cent.

Bacterial endotoxin. (2.6.14)
Less than 5 ill/mg, if intended for use in' the manufacture of
parenteral preparations without a further appropriate
procedure for removal of bacterial endotoxins.

ASSAY
Size-exclusion chromatography (2.2.30) as described in the
test for dimer and related substances of higher molecular
mass.

Calculate the content ofsomatropin (C99oHI528N2620~1)

from the declared content of C99oHI528N2620300S7 in
somatropin CRS.

STORAGE
In an airtight container, at a temperature of 2 °C to 8°C.
If the substance is sterile, store in a sterile, airtight, tamper­
evident container.
_____________________ PhE"

Somatropin II-971

Somatropin Concentrated Solution
Somatropin Bulk Solution

(ph. Eur. monograph 0950)

FPTIPLSRLF DNAMLRAHRL HQ.L.A.FDTYQE FEEAYIPKEQ

KYSFLQNPQT SLCFSESIPT PSNREETQQK SNLELLRISL

LLIQSHLEPV QFLRSVFANS LVYGASDSNV YDLLKDLEEG

:IQTLHGRLED GSPRTGQIFK QTYSKFDTNS HNDDALLKNY
~

GLLYCFRKDM DKVETFLRIV QCRSVEGSCG F

22125

Action and use
Growth hormone.

Preparation
Somatropin Injection

PhE" _

DEFINITION
Solution containing a protein having the structure
(191 amino-acid residues) of the major component of growth
hormone produced by me human pituitary. It may contain
buffer salts and other auxiliary substances.

Content
91.0 per cent to 105.0 per cent of the amount of somatropin
stated on the label.

By convention, for the purpose of labelling somatropin
preparations, 1 mg of anhydrous somatropin
(C99oH1528N2620300S1) is equivalent to 3.0 ill of biological
activity.

PRODUCTION
Somatropin concentrated solution is produced by a method
based on recombinant DNA (rDNA) technology. During the
course of product development, it must be demonstrated that
the manufacturing process produces a product having a
biological activity of at least 2.5 ill/mg, using a validated
bioassay based on growth promotion and approved by the
competent authority.

Somatropin concentrated solution complies with the
following additional requirements.

Host-cell-derived proteins
The limit is approved by the competent authority.

Host-cell- and vector-derived DNA
The limit is approved by the competent authority.

CHARACTERS
Appearance
Clear or slightly turbid, colourless solution.

IDENTIFICATION
A. Capillary electrophoresis (2.2.47) as described in the test
for charged variants with the following modifications.

Injection Test solution (b); under pressure or vacuum, using
the following sequence: sample injection for at least 3 s then
CZE buffer injection for 1 s.

Results In the electropherogram obtained) only 1 principal
peak, corresponding to somatropin, is detected: no doubling
of this peak is observed.

B. Examine the chromatograms obtained in the test for
related proteins.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to

www.webofpharma.com



II-972 Somatropin 2022

TESTS
Related proteins
Liquid chromatography (2.2.29): use <henormalisation
procedure. J.Wainta;n the solutions at 2-8 DC and usewithin
24 h. If an auumuuic iniuwr is used, maintain it at 2-8 °C.

Tt!S1 solution Dilute the solution to be examined in 0.05 J.\.1
ttis-hydrochloride buffer solution pH 7.5 R, so as to contain

Flew rate 1 mllmin.
Detection Spectrophotometer at 214 om.

Injection 100 ~L.

System suitabilt"ty The chromatogram obtained with the
reference solution is qualitatively sunilar to the chromatogram
of somatropin digest supplied with somatropin CRS.

Results The profile of <he chromatogram obtained with <he
test solution corresponds to that of the chromatogram
obtained with the reference solution.

D. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with the
reference solution.

the principal peak in the chromatogram obtained with the
reference solution.

C. Peptide mapping (2.2.55).

SELECTIVE CLEil VAGE OF THE PEPTJDE BONDS

Test solution Dilute the solution to be examined with
0.05 M tris-hydrochloride btiffersolution pH 7.5 R so <hat it
contains 2.0 mglmL of somatropin and transfer about
1.0 mL to a tube made from a suitable material such as
polypropylene. Prepare a 1 mglmL solution of trypsin for
peptide mappingR in 0.05 M tris-hydrochioride buffersolution
pH 7.5 R and add 30,.aL 10 the solution of the substance to
be examined. Cap the tube and place in a water-bath at
37 DC for 4 h. Remove from the water-hath and stop the
reaction immediately, for example by freezing. If analysed
immediately using an automatic injector, maintain at 2-8 DC.

Note: If a 2 mglmL somatropin concentration isnot obtainable, a
similar digest relationship (micrograms of trypsin permilligram of
somatropin) may be used

Reference solution Prepare at the same time and in the same
manner as for the test solution, but using somatropin CRS
instead of the substance to be examined.

CHROMATOGRAPHIC SEPARATION Liquid chromatography
(2.2.29).

Column:
- size: l ;;;; 0.25 rn, 0 ;;;; 4.6 0101;
- stationary phase: octylsilyl silica gelfor chromawgraphy R

(5-10 urn) with a pore size of 30 nm;
- temperature: 30 "C.

Mobile phase:
- mobile phaseA: dilute 1 mL of tnjluoroacetic acid R to

1000 mL with waterfor chromatography R;
- mobilephaseB: to 100 mL of waterfor

chromatography R, add 1 mL of trifluoroacetic acid R
and dilute to 1000 mL with acetonitrile RI;

Tim.
(mIn)

0-20

20 - 40

40 - 65

65·70

MobUe phase A
(per cent JlIY)

100 -i' 80

80 -i' 75

75 ..... 50

50 -i' 20

MobUe phase B
(per cent JIll?

0 20

20 25

25 -i' 50

50 ..... 80

2.0 mglmL of somatropin. A weaker solution may be
prepared, in which case the injection volume is adjusted
accordingly.

Reference solution Prepare a solution of somatropin CRS in
0.05 M lris-hydrochlorUk buffersolution pH 7.5 R, containing
2.0 mglmL of somarropin,
Resolution solution Dissolve the contents of a vial of
sonuuropinldesamidosomatropin resoluu'on mixtureCRS in
0.05 M lris-hydrochlorUk buffersolution pH 7.5 R to obtain a
concentration of 2 mglmL of scmarropin,

, Column:
- size: I;;;; 0.25 m, 0 ;;;; 4.6 rom;
- stationary phase: end-capped but:;{silyl st7ica gelfor

chromatography R (5 pm) with a pore size of 30 nm;
a silica saturation colwnn is placed between the pump
and the injector valve;

- temperature: 45 °C.

Mobilephase propanal R, 0.05 M Iris-hydrochloride buffer
solution pH 7.5 R (29:71 VIJI).

Flow rate 0.5 mlJrnin.

Detection Spectrophotometer at 220 nm.

Preconditioning of the column Rinse with 200-500 mL of a
0.1 per cent VIV solution of trifluoroaatic acid R in a
50 per cent VIV solution of acetonitrile R; repeat as necessary,
to improve colwnn performance,
Injection 20 ~L.

Relative retention With reference to somatropin (retention
time ;;;; about 33 min; ifnecessary adjust the concentration of
propanol R in <he mobile phase):
desamidosomatropin ;;;; about 0.85.

System suitalnlity Resolution solution:
- resolution: minimum 1.0 between the peaks due to

desamidosomatropin and somatroplnj
- symmetryfactor. 0.9 to 1.8 for <hepeak due 10 somatropin.

Limit:
- total: maximum 6.0 per cent.

Dimer and related substances of higher molecular
mass
Size-exclusion chromatography (2.2.30): use <he
nonnalisation procedure.

Test solution Dilute the solution to be examined in 0.025 M
phasphate buffersolution pH 7.0 R, so as to contain 1.0 mglmL
of somatropin.

Reference solution Dissolve the contents of a vial of
somacropin CRS in 0.025 M phosphate buffer solution pH 7.0 R
and dilute with the same solution to obtain a concentration
of 1.0 mglmL.

Resolution solution Place 1 vial of somatropin CRS in an oven
at 50 DC for a period sufficient to generate 1-2 per cent of
dimer (typically 12-24 h). Dissolve its contents in 0.025 M
phosphate buffersolution pH 7.0 R and dilute wi<h <he same
solution to obtain a concentration of 1.0 mglmL

Column:
- size: I;;;; 0.30 m, 0 ;;;; 7.8 mm;
- stationary phase: hydrophilic silica gelfor chromatography R

of a grade suitable for fractionation of globular proteins in
<he relative molecular mass range of 5000 to 150000.

Mob/7e phase 2-propanol R, 0.063 M phosphate buffersolution
pH 7.0 R (3:97 VIV); filter and degas.

Flow rate 0.6 mUmin.

Detection Spectrophotometer at 214 om.

Injection 20 ~L.
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2022 Sorafenib Tosilate II-973

Pl>EII _

475207-59-1637

(Ph. Euy. monograph 2931)

Bacterial endotoxlns (1.6.14)
Less than 5 IU in the volume that contains 1 mg of
somatropin, if intended for use in the manufacture of
parenteral preparations without a further appropriate
procedure for removal of bacterial endotoxins.

ASSAY
Size-exclusion chromatography (2.2.3!f) as described in the
test for dimer and related substances of higher molecular
mass.

Calculate the content of somarropin (c..oHI>2.N2620,ooS,)

from the declared content of C99oHI52aN2620300S7 in
somauopin CRS.

STORAGE
In an airtight container at a temperature of -20°C. Avoid
repeated freezing and thawing. If the solution is sterile, store
~ a sterile, airtight, tamper-evident container.

LABELLING
The label ,tates:
- the content of somatropin in milligrams per millilitre;
- the name and concentration of any auxiliary substance.
_____________________ Pl>E"

Sorafenib Tosilate

Acdon and use
Inhibitor of multiple tyrosine kinases; antineoplastic.

Preparation
Sorafenib Tablets

DEFINITION
4-[4-[[[4-Chloro-3-( trifluoromethyl)phenyl]casbamoyl]amino]
phenoxyJ-N-methylpyridine-2-casboxamide 4-methylbenzene­
I-sulfonate.

Content
97.5 per centro 102.0 per cent (anhydrous substance).

PRODUcnON
It is considered that alkyl toluenesulfonate esters are
genotoxic and are potential impurities in sorafenib tosilate.
The manufacturing process should be developed taking into
consideration the principles of quality risk management,
together with considerations of the quality of starting.
materials, process capability and validation. The general
method 2.5.40. Methyl, ethyland isopropyl toluenesulfonate in
active substances is available to assist manufacturers.

CHARACTERS
Appearance
White or slightly yellowish or brownish powder.

Relative retention With reference to somatropin monomer
(retention time ;;;; 12 min to 17 min): related substances of
higher molecular mass e about 0.65; somatropin
dimer =about 0.9.

System suiklbility Resolution solution:
- peak-to-tJalley ratio: minimum 2.5, where Hp == height

above the baseline of the peak due to me dimer and
H; = height above the baseline of the lowest point of the
curve separating this peak from the peak due to the
monomer.

Limit:
- sum of the peaks with retention limes less than that of the

principal peak: maximum 4.0 per cent,

Charged variants
Capillary electrophoresis (2.2.47).

Test solution (aj Dilute me solution to be examined so as to
obtain a concentration of 1 mglmL of somerropln.

Testsdution (b) Mix equal volumes of test solution (a) and
the reference solution.

Reference solution Dissolve the contents of a vial of
somatropin CRS in water R and dilute with the same solvent
to obtain a concentration of 1 mglmL

Capillary:
- malen'af: uncoated fused silica;
- size: effective length ;;;; at least 70 em, 0 ;;;; 50 um.
Temperature 30 -c,
CZE buffer 13.2 gIL solution of ammoniumphasphate R
adjusted to pH 6.0 with phosphari< acid Rand filtered,

Detection Spectrophotometer at 200 run.

Set the autotampler to store the samples at 4 °C dun"ng analYsis.

Preconditioning of the capillary Rinse with 1 M sodium
hydroxide for 20 min, with waterR for 10 min and with
the CZE buffer for 20 min.

Between-ron rinsing Rinse with 0.1 M sodium hydroxide for
2 min and with the CZE buffer for 6 min.

Note: rinsing timesmay be adaptedaccording to the length of the
caprl1ary and the equipment used.

Injecrion Test solution (a) and the reference solution; under
pressure or vacuum, using the following sequence: sample
injection for at least 3 s then·CZE buffer injection for 1 s.
The injection time and pressure may be adapted in order to
meet the system suitability criteria.

Migrarion Apply a field strength of217 Vlcm (20 kV for
capillaries of 92 em total length) for 80 min, using the CZE
buffer as the electrolyte in both buffer reservoirs.

Relative migration With reference to somarropin: deamidated
forms =1.02 to l.ll.
System sUlrabl7ily Reference solution:
- the eleeteopherogram obtained is similar to the

eleetropherogram of somatropin supplied with
somatropin CRS; 2 peaks (lh 12) eluting prior to the
principal peak and at least 2 peaks (1" 4) eluting after the
principal peak are clearly visible.

Note: peak 12 corresponds to the cleaved form and peak I.
corresponds to the deomidmedfonns, eluting as a doubler.

Limits:
- deamidated forms: maximum 5.0 per cent;
- any other impun'ry: for each impurity, maximum

2.0 per cent;
- total: maximum 10.0 per cent.
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11-974 Sorafenib Tosilare

Solubility
Practically insoluble in water, slightly solublein anhydrous
ethanol, practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sorajenib tosikue CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Prepare the solutwns
immeJiauly before use.
Solvem mixture phosphon"c add R, acetonitrile R) dimethyl
sulfoxide R (0.1:15:85 VIVI))).
Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.
Reference so/ulwn (a) Dissolve 50.0 mg of sorafenib
tosilate CRS in the solvent mixture and dilute to 50.0 mL
with the solventmixture.
Reference tdution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (c) Dissolve 2 mg of sorajenib
impurity H CRS in 100 mL of the solvent mixtuse using
sonication. Dilute 1 mL of the solution to 20 mL with the
test solution.

Reference sohuion (d) Dissolve 5 mg of sorafenib for peak
identification CRS (containing impurities A and D) in the
solventmixture and dilute to 5 mL with the solventmixrure.
Column:
- size:1= 0.15 m, 0 =2.1 mm;
- stationary phase: end-capped extra-dense bonded oClylsi/y1 silica

gelfor ,hromawgraphy R (3.5 urn):
- temperature: 75°C.
Mobile phase:
- mob~e phaseA: dissolve 1.0 g of potassium dihydrogen

phosphate Rand 1.0 mL of phosphoric acid R in waterfor
,hromatDgraphy R and dilute to 1000 mL with the same
solvent;

- mobile phase B: anhydrous ethanol R, acetonitrile for
,hromawgraphy R (40:60 VI)));

Time Mobile phase A Mobile phase B
(min) (per cent VIJI) (per cent VIP)

0-2 95 5

2·24 95 --> 56.5 5 --> 43.5

24 - 32 56.5 ---> 10 43.5 --> 90

32 - 37 10 90

Flow rare 0.6 mUmin.
Detection Spectrophotometer at 235 run.

Injection 3~ of the testsolution and reference
solutious (b), (c) and (d).

Identification of impuniies Use the chromatogram obtained
with reference solution (c) to identify the peak due (Q

impurity H; use the chromatogram supplied with sorafenib for
peak identification CRS and the chromatogram obtained with
reference solution (d) to identify the peaks due to
impurities A and D.

Relativeretention With reference to sorafenib (retention
time = about 27 min): toluenesulfonicacid = about 0.07;
impurity A =about 0.1; impurity D =about 0.7;
impurity H =about 0.98.

2022

System suitabl1ity Reference solution (c):
- resolution: minimum 2.5 between the peaks due to

impurity Hand sorafenib.
Calculation of percentage coments:
- correction factor: multiply the peak areaof impurity D by

0.7;
- for each impurity) use the concentration of sorafenib

tosilate in referencesolution (b).

Limits:
- impuriues A.. D: for each impurity) maximum

0.15 per cent;
- umpeajied impurities: for each impurity) maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due to

toluenesulfonic acid.

Water (2.5.32)
Maximum 1.0 per cent) determined on 0.200 g by direct
sample introduction.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the followingmodification.

Injection Test solution and reference solution (a).
Calculate the percentagecontent of C28H24CIF~406S
taking into account the assigned content of sorafenib
,osi/ate CRS.

IMPURITIES
Spe<ified impurities A, D.
Otherdetectable impUlities (the fo/lowing substances would, if
present at a sufficient level) be detected by oneor other oj the tests
in the monograph. They are limited try thegeneral acceptance
criterion for other/unspecified impumies and/or by thegeneral
monograph Substances for pharmaceutical use (2034). 11 is
therefore not n«mary to identify these impun·ties for
demonstration of compliana. See also5.10. Control of impun·ties
in substances for pharmaceutical use) B.. C.. E) F) G) H.

H,NY'J r~

lAO~~'CH'
o

A. 4-(4-aminophenoxy)-N-methylpyridine-2-carboxamide,

B. 4-(4-fonnamidophenoxy)-N-methylpyridine-2­
carboxamide,

q NH2

""ICl

CF,

C.4-ehloro-3-(triIluo/omethyl)aniline,
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2022 Sorbic Acid II-975

TESTS
Solution S
Dissolve 1.25 g in ethanol (96 percent) R and dilute to
25 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2./) and colourless (2.2.2, MethodII).

Aldebydes
Maximum 0.15 per cent) calculated as C2H40.

Dissolve 1.0 g in a mixture of 30 mL of warer R and 50 mL
of 2-propanol R, adjust to pH 4 with 0.1 M hydroehlori< acid
or 0.1 M sodium hydroxide and dilute to 100 mL with
warer R. To 10 mL of this solution add 1 mL of decolorised
fuchsin solution R and allow to standfor 30 min. Any colour
in the solution is not more intense than that in.a standard
prepared at the sarne time by adding I mL of decolorised
fuchsin solution R to a mixture of 1.5 mL of acetaldehyde
standard solution (100 ppm C,H,O) R, 4 mL of 2-propanol R
and 4.5 mL of warer R.

Water (2.5.12)
Maximum 1.0 per cent) determined on 2.000 g.

Sulfated ash (2.4.14)
Maximum 0.2 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.1000 g in 20 mL of ethanol (96 percent) R. Using
0.2 mL of phenolphthalein solution R as indicator) titrate with
0.1 M sodium hydroxide untila pink colouris obtained.
I mL of 0.1 M sodium hydroxide is equivalent to 11.21 mg of
CoRsO,.

STORAGE
Protected from light.

Solubility
Slightly soluble in water, freely soluble in ethanol
(96 per cent).

IDENTIFICATION
Fint identification: A, C.

Second identification: A, B, D.
A. Melting point (2.2./4): 132 °C to 136 °C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 50.0 mg in water R and dilute to
250.0 mL with the same solvent. Dilute 2.0 mLof this
solution to 200.0 mL with 0.1 M hydrochlori< acid.
Spectral range 230-350 nm.

Absorption maximum At 264 nm.
Specific absorbance at the absorption maximum 2150 to 2550.
C. Infrared absorption spectrophotometry (2.2.24).

Comparison sorbic acidCRS.
D. Dissolve 0.2 g in 2 mL of ethal/ol (96 percent) R and add
0.2 mL of bromine waterR. The solutionis decolorised.

110-44-1112.1

D. propan-2-yl [4-[[2-(methylcarbamoyl)pyridin-4-yl]oxy)
phenyl] carbamate,

G. ethyl [4-cWoro-3-(trifluoromethyl)phenyl]carbamate,

F. N-methyl-4-[4-[[[3-(trifluoromethyl)phenyl)
carbamoyl]arnino)phenoxy)pyridine-2-carboxamide,

Sorbic Acid

H.4-[4-[[[2-chloro-3-(trifluoromethyl)phenyl]
carbamoyl]arnino]phenoxy]-N-methylpyridine-2­
carboxamide.

E. 4,4'-[carbonylbis(azanediyl-4,I-phenyleneoxy)]bis(N­
methylpyridine-2-carboxamide),

____________________ PhEII

(Ph. Eur. monograph 0592)

Action and use
Antimicrobial preservative.

_____________~ PhEII

PhEII ~ _

DEFINITION
(E,E)-Hexa-2,4-dienoic acid.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.
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II-976 Sorbitan Laurate

Sorbitan Laurate
(Ph. Eur. monograph 1040)

Action and use
Non-ionic surfactant.
When sorbitan monolaurate is demanded) Sorbitan Laurate
shall he supplied.

PhE" ~ _

DEFINITION
&1ixture usuallyobtained by partial esterification of sorbitol
and its mono- and di-anhydrides wilh lauric (dodecanoic)
acid.

CHARACTERS
Appearance
Brownish-yellow, viscous liquid.

Soluhility
Practically insoluble but dispersible in water, miscible with
ethanol (96 per cent).

Relative density
AhoutO.98.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 7.0, determined.on 5.0 g.

Hydroxyl value (2.5.3, Metlwd A)
330 to 358.

Iodine value (2.5.4)
Maximum 10.

Peroxide value (2.5.5)
Maximum 5.0.

Saponification value (2.5.6)
158 to 170.

Carry out the saponification for 1 h.

Composition of fatty acids
Gas chromatography (2.4.22, MethodC).

Prepare reference solution (a) as indicated in tables 2.4.22.-1
and 2.4.22.-2.

Composition of thefatty acidfraction of the substance:
- caproic acid: maximum 1.0 per cent;
- caprylic acid: maximum 10.0 per cent,
- capric acid: maximum 10.0 percent;
- lauric acid: 40.0 per cent to 60.0 per cent;
- myristic add: 14.0 per cent to 25.0 percent;
- palmitic add: 7.0 per cent to 15.0 percent;
- stearic acid: maximum 7.0 per cent;
- oleic acid: maximum 11.0 per cent;
- linol~ add: maximum3.0 per cent.

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.5 per cent.

STORAGE
Protected from light.

2022

FUNCTIONAUlY-RELATED CHARACTERISTICS
This section provides infonnaiUm on characteristics that are
recognised as being relevant control parameters for oneor more
functions of thesubstance when used as an excipient (see chapter
5.15). Some 0/the characteristics described in the Functionality­
related characteristics section may alsobe present in themandatory
part of the monograph since theyalsorepresent mandatory quality
criteria: In such cases, a cross-reference. to the tests described in the
mondasory part is included in theFunctionality-related
characteristics section. Control of thecharacteristics can contribute
to the qualiiyof a medicinal product by improving the consistency
of the mamifa<luring process and theperformance of the medicinal
product dun·ng use. Where control methods are cited, theyare
recognised as being suitable for thepurpose, but other methods can
alsobe used. Wherever results for a particular charaaetistic are
reponed, the control method must be indiaued:
Thefollowing characteristics may be relevant for sorbitan laurate
usedas emulsifier and CO-$Olubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).
____________________ PhE"

Sorbitan Oleate
(Ph. Eur. monograph 1041)

Action and use
Non-ionic surfactant.
When sorbitan mono-oleate is demanded, Sorbitan Oleate
shall be supplied.

PhE" _

DEFINITION
Mixture usually obtained by esterification of 1 mole of
sorbitol and its mono-and di-anhydrides per mole of oleic
«9Z)-oetadec-9-enoic) acid. A suitable antioxidant may be
added.

CHARACTERS
Appearance
Brownish-yellow, viscous liquid.

Solubility
Practically insoluble but dispersible in water, solublein fatty
oils producing a hazysolution, miscible with ethanol
(96 per cent).

Relative density
About 0.99.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Composition of fatty acids (see Tests).

Margark acid Maximum 0.2 per cent for'oleic acid of
vegetable origin and maximum 4.0 per cent for oleic acid of
animal origin.

TESTS
Acid value (2.5.1)
Maximum 8.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
190 to 210.
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Iodine value (2.5.4)
62 to 76.

Peroxide value (2.5.5)
Maximum 10.0.

Saponification value (2.5.6)
145 to 160.

Carry out the saponification for 1 h.

Composition of fatty acids
Gas chromatography (2.4.22; MethodC).

Composition of thefatty acidfraction of the substance:
- myrisuc acid: maximum 5.0 per cent;
- palmitic acid: maximum 16.0 per cent;
- pa/miwlek acid: maximum 8.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: 65.0 per cent to 88.0 per cent;
- lino/m acid: maximum 18.0 per cent;
- linolenic. add: maximum 4.0 per cent;
- fatly acids w"w chain length greater man C18: maximwn

4.0 per cent.

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.5 per cent, determined on 1.5 g.

STORAGE
Protected from light.

LABELLING
The label states the origin of me oleic acid used (animal or
vegetable).

FUNCTIONAliTY-RELATED CHARACTERISTICS
This section provides information on charaaeristia that are
recognised as being relevant comrd parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5. IS). Sameof the characteristics described in the Functionality­
related characteristics section may also bepresent in the mandatory
pan of the monograph since they also represent mandatory quality
criteria. In such cases, a cross-reference to the tests described in the
mandaunypan is included in the Functionality-mated
characteristics section. Control of the characteristics can contribute
to the quality of a medicinal product by improving theconsistency
of the manufottun'ngprocess and theperfonnance of the medicinal
product dun'ng use. Where control methods arecited.. they are
recognised as being suitable for the purpose) but other methods can
also be used. Wherever results for a particular characteristic are
reported, the control methodmust be indiaued.
The fol/cwing characteristics may be relevant for sorbitan oleate
usedas emulsifier and co-solubiliser in creams.

ComposItion of fatty acids
(see Tests).

Hydroxyl value
(see Tests),
____________________ POE"

Sorbitan Palmitate II-977

Sorbitan Palmitate
(Ph. Eur. monograph 1042)

Action and use
Non-ionic surfactant.

When sorbitan monopalmitate is demanded, Sorbitan
Palmitate shall be supplied,

PIlE" ~

DEFINITION
Mixture usually obtained by partial esterification of sorbitol
and its mono- and di-anhydrides with palmitic
(hexadecanoic) acid.

CHARACTERS
Appearance
Yellow or yellowish powder, waxy flakes or hard masses.

Solubility
Practically insoluble in water, soluble in fatty oils, slightly
soluble in ethanol (96 per cent).

IDENTIFICATION
A. Melting point (2.2.15): 44 "C to 51 "C.

Introduce the melted substance into me glass capillary tubes
and allow to stand at a temperature below 10 °C for 24 h.

B. Hydroxyl value (see Tests).

C, Composition of fatty acids (see Tests).

TESTS
Acid value (2.5. I)
Maximum 8.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
270 to 305.

Peroxide value (2.5.5)
Maximum 5.0.

Saponification value (2.5.6)
140 to 155.

Carry out the saponification for 1 h.

Composition of fatty acids
Gas chromatography (2.4.22, Method C).

Composition of thefatty acid fraction of the substance:
- palmiticacid: minimum 92.0 per cent;
- stearic acid: maximwn 6.0 per cent.

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.5 per cent.

STORAGE
Protected from light.

FUNCTIONAliTY-RELATED CHARACTERISTICS
This section prooides infonnation on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the subscance when usedas an exdpient (see chapter
5.15). Same of tbe charactetiuics desctibed in the Functionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory quality
criteria. In suchcases.. a cross-reference to the tests descn"bed in the
mandatorypart is included in the Functionality-related
characteristics section. Control of the characteristics can contribute
to the qualityof a medicinal produa by improving the consistency
of the manufacturing process and theperformance of themedicinal
product duringuse. Where control methods arecited, they are
recognised as being suitable for the purpose) but othermethods can
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II-978 Sorbitan Sesquioleate

also be used. W'herever results for a particular chcraaensuc are
reponed, thecontrol method must be indicated.
Thefollowing charactetistia may be releuant for sorbitan palmitate
used as emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).
____________________ 1'1>£<1

Sorbitan Sesquioleate
(Ph. Bur. monograph 1916)

Action and use
Non-ionic surfactant.

1'1>£<1 _

DEFINITION
Mixture usually obtainedby esterification of 2 moles of
sorbitol and its mono- and di-anhydrides per 3 moles of oleic
«9Z)-oetadec-9-enoic) acid. A suitable antioxidant may be
added.

CHARACTERS
Appearance
Pale yellow or slightly brownish-yellow paste,whichbecomes
a viscous, oily, brownish-yellow liquid at about 25°C.

Solubility
Dispersible in water, soluble in fatty oils, slightly soluble in
ethanol (96 per cent).

Relative density
About 0.99.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Composition of fatty acids (see Tests).
Margam acid Maximum 0.2 per cent for oleic acid of
vegetable origin and maximum 4.0 per cent for oleic acid of
animal origin.

TESTS
Acid value (2.5.1)
Maximum 16.0, determined on 5.0 g.

Hydroxyl value (2.5.3, Method A)
180 to 215.

Iodine value (2.5.4)
70 to 95.

Peroxide value (2.5.5)
Maximum 10.0.

Saponificadon value (2.5.6)
14510 166.

Carry out the saponification for 1 h.

Composition of fatty acids
Gas chromatography (2.4.22, Method C).

Composition of thefatlJ' acidfraction of the substance:
- myristic acid: maximum 5.0 per cent;
- palmitic acid: maximum 16.0 per cent;
- palmitolek acid: maximum 8.0 per cent;
- stearic acid: maximum 6.0 per cent;
- oleic acid: 65.0 per cent to 88.0 per cent;

2022

- linoleic acid: maximum 18.0per cent,
- linolenic acid: maximum 4.0 per cent;
- fatty acidswlih chain length greater than GIg: maximum

4.0 per cent.

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.5 percent, determined on 1.5 g.

STORAGE
Protected from light.

LABELLING
The label states the origin of the oleic add used (animal or
vegetable).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section pTO'fJides infonnation on charaaetistics that are
recognised as being relevant control parameters for one or more
functions of thesubsumu when used as an excipient (see chapter
5.15). Someo/the characteristics described in theFunctionality­
related characteristics section may also bepresent in the mandatory
partof me monograph since theyalsorepresent mandatory quality
oiena. In such cases" a cross-reference to the tests described in me
mandatory partis included in the FunctiolUll-iey-reJatd
characteristics section. Control of thecharacteristics cancontribute
to thequalityof a medicinal product by improving theconsistency
of themanufacturing process and theperformance of themedicinal
product during use. Where control methods arecited, theyare
recognised as being suitable for thepurpose" but othermethods can
alsobe used. Wherever results for a particular characteristic are
reported" the control method mustbe indicated.
Thejolhwing characteristics may be rdeuantfor sorbitan
sesquioleate usedas emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).
_________~ 1'1>£<1

Sorbitan Stearate
(ph. Bur. monograph 1043)

Action and use
Non-ionic surfactant.
When sorbitan monostearate is demanded, Sorbitan Stearate
shall be supplied.

1'I>£<r _

DEFINITION
Mixture usuaUy obtained by partial esterification of sorbitol
and its mono- and di-anhydrides with Stearic acid50 (1474)
or Stearic acid 70 (1474).

CHARACTERS
Appearance
Pale yellow, waxy solid.

Solubility
Practically insoluble bUI dispersible in water, slightly soluble
in ethanol (96 per cent).

IDENTIFICATION
A. Melting point (2.2.15): 50 °C to 60 °C.
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_____________________ PhE"

Introduce the melted substance into the capillary tubes and
allow to stand at a temperature below 10°C for 24 h.

B. Hydroxyl value (see Tests).

C. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 10.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
235 to 260.

Peroxide value (2.5.5)
Maximwn 5.0.

Saponification value (2.5.6)
147 to 157.

Carry out the saponification for 1 h.

Composition of fatty acids
Gas chromatography (2.4.22, MethodC).

Composition of thefauy acidfraction of the substance:

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.5 per cent.

STORAGE
Protected from light.

LABELLING
The label states the type of sorbitan stearate.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnalion on charaaetistics that an!

recognised as beingrelevant control parameters for oneor mewe
junctionsof the substance when usedas an excipient (see chapter
5.15). Some of the characteristics described in the Functionality­
related characteristics seaion mew also bepresent in the mandatory
part of the monograph since they alsorepresent mandatory quality
cmeria; In such cases, a cross-reference to the tests desm"bed in the
mandatorypan is included in the Functionality-related
characteristics section. Control of the charaaeraia can contribute
to the qualityof a medicinal product by improving the consistency
0/the manufactun"ng process and the periormance 0/the medicinal
product duringuse. W'here control methods arecited) they an!
recognised as beingsuitable for the purpose) but othermethods can
also be used. Wherever results for a particular characteristic are
reported) the control methodmust be indicated.

The following characteristics may be relevant for sorbitan stearate
usedas emulsifier and co-solubiliser in creams.

Composition of fatty acids
(see Tests).

Hydroxyl value
(see Tests).

Stearic acid 50 Stearicacid:40.0 per cent to 60.0 per cent,
Sum of the amrenu ofpalmitic and j/e(JrU; acids:
minimum 90.0 per cent.

Stearic acid 70 SUtlnc acid: 60,0 per cent to 80.0 per cent,
Sum of thecontmu ofpal"titic and UUJrU: acids:
minimum 90.0 per cent.

**** ** ** ****
Sorbitan Trioleate
(Ph. Eur. monograph 1044)

Action and use
Non-ionic surfactant.

PhE" _

DEFINITION
Mixture usually obtained by esterification of I mole of
sorbitol and its mono-anhydride per 3 moles of oleic «9Z)­
octadec-9-enoic) acid. A suitable antioxidant may be added"

CHARACTERS
Appearance
Pale yellow, light yellowish or brown solid, which becomes a
viscous, oily, brownish-yellow liquid at about 25 °C.

SolublIIty
Practically insoluble but dispersible in water, soluble in fatty
oils, slightly soluble in ethanol (96 per cent).

Relative density
About 0.98.

IDENTIFICATION
A. Hydroxyl value (see Tests).

B. Iodine value (see Tests).

C. Composition of fatty acids (see Tests).

Margane acid Maximum 0.2 per cent for oleic acid of
vegetable origin and maximum 4.0 per cent for oleic acid of
animal origin.

TESTS
Acid value (2.5.1)
Maximum 16.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
55 to 75.

IodIne value (2.5.4)
76 to 90.

Peroxide value (2.5.5)
Maximwn 10.0.

Saponification value (2.5.6)
170 to 190.

Carry out the saponification for 1 h.

Composition of fatty acids
Gas chromatography (2.4.22, MethodC).

Composition of thefatlY add fraction of the ,ub,umce:
- myrisn"c add: maximum 5.0 pee cent;
- palmiu"c acid: maximum 16.0 per cent;
- palmiwleic acid: maximum 8"0 per cent;
- stearic acid: maximum 6.0 pee cent;
- oleic acid: 65.0 per cent to 88.0 per cent;
- linoleic acid: maximum 1-8.0per cent;
- linolenic add: maximum 4.0 per cent;
- fatty adds with chain length greater than CIS: maximum

4.0 per cent.

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g.

Total ash (2.4.16)
Maximum 0.5 per cent, determined on 15 g.

STORAGE
Protected from light.

LABELLING
The label states the origin of the oleic acid used (animal or
vegetable).

Composition of fatty acidsType of fatty
add used

Sorbitan
stearate
(rype I)

Sorbitan
stearate
(~l'dQ
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II-980 Sorbitol 2022

_____________________ ""E"

""E" _

the solution into 25 mL of water R and allowto stand in iced
water for 2 h. The precipitate, recrystallised from a
smallvolume of ethanol (96 per cent) R and dried in vacuo,
melts (2.2.14) at 98 "C to 104 "C.

C. Thin-layer chromatography (2.2.27).

Test sohuion Dissolve 25 mg of the substance to be
examined in waterR and dilute to 10 mL with the same
solvent.
Reference solution (a) Dissolve 25 mg of soroitol CRS in
waterR and dilute to 10 mL with the same solvent.
Reference solution (b) Dissolve 25 mg of mannitolCRS and
25 mg of sorbif(J1 CRS in water R and dilute to 10 mL with
the same solvent.
Pia" TLC silica gelpia" R.

Mobile phase water R, ethyl aw"" R, propanol R
(10:20:70 VIVIV).

Application 2 pL

Devdopment Over2/3 of the plate.
Drying In air.

Detection Spray with 4-aminobenzoic addsolution R; dryin a
current of cold air until the acetone is removed; heat at
100°C for 15 min; allow to cool and spray with a 2 gIL
solution of sodium periodate R; dry in a current of cold air;
heat at 100 °C for 15 min.
System suitability Reference solution (b):

- the chromatogram shows 2 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size to

the principal spot in the chromatogram obtained with
reference solution (a).
D. Specific optical rotatlon (2.2.7): + 4.0 to + 7.0
(anhydrous substance).

Dissolve 5.00 g of the substance to be examined and 6.4 g of
disodium urraborau R in 40 mL of waterR. Allow to standfor
1 h, shaking occasionally, and dilute to 50.0 mL with
waterR. Filter if necessary.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Memod If).

Dissolve 5 g in waterR and dilute to 50 mL with the same
solvent.

Conductivity (2.2.38)
Maximum 20 pS·cm-'.

Dissolve 20.0 g in carbon dioxide-free waterR prepared from
distilled water R and dilute to 100.0 mL with the same
solvent. Measure the conductivity of the solution while gently
stirring with a magnetic stirrer.

Reducing sugars
Maximum 0.2 per cent, expressed as glucose equivalent.
Dissolve 5.0 g in 6 mL of waterR with the aid of gentle heat.
Cool and add 20 mL of cupri-citric solution R and a few glass
beads. Heat so that boilingbegins after4 min and maintain
boiling for 3 min. Cool rapidly and add 100 mL of a
2.4 per cent VIV solution of glacial acetic acid R and 20.0 mL
of 0.025 M iodine. With continuous shaking, add 25 mL of a
mixture of 6 volumes of hydro<hloric acidRand 94 volumes
of waterR and, when the precipitate has dissolved, titrate the
excess of iodine with 0.05 M sodium thiosulfa" using I mL of
starch solution R, added towards the end of the titration, as
indicator. Not less than 12.8 mL of 0.05 M sodium miosulfa"
is required.

5()'704182.2

(ph. Eur. monograph 0435)

Action and use
Used for parenteral nutrition.

Sorbitol

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation at, characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when used as an excipient (see chapter
5.15). Some of thecharacteristics described in the Functionality­
related characteristics seaion may alsobepresent in the mandotory
part of the monograph since they also represent mandatory quality
criteria: In such cases, a cross-reference to the tests described in the
mandatory part is included in the Functionality-related
choroaeristia section. Control of the charaaeristics can contribute
to the qualityofa medicinal product by improving the consistency
of the manufaclUn"ng process and the performance of the medicinal
produce dun"ng use. W1Jere control methods arecited, theyare
recognised as being suitable for the purpose, but other methods "In
alsobe used. l\7herever results for a particular characteristic are
reported, the amrrol method mustbe indicated.
Thefollowing characteristics may be relevant for sorbitan trioleau
used as emulsifier and co-solubiliser in creams.

Composition of fatty acids ,-
(see Tests).

Hydroxyl value
(see Tests).

DEF1NTI10N
n-Glucitol (u-sorbltol).

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Verysoluble in water, practically insoluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A.
Second identification: BJ C, D.

A. Examine the chromatograms obtainedin the assay.
Results The principal peakin the chromatogram obtained
with the test solution is similar In retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).
B. Dissolve 0.5 g with heating in a mixture of 0.5 mL of
pyridineRand 5 mL of eceee anhydride R. After 10 min, pour
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Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 5.0 g of the substance to be examined
in 20 mL of waterR and dilute to 100.0 mL with the same
solvent.
Reference solution (a) Dissolve 0.50 g of sorbitol CRS in
2 mL of waterR and dilute to 10.0 mL with the same
solvent.

Reference solution (b) Dilute 2.0 mL of the test solution to
100.0 mL with waterR.
Reference solution (c) Dilute 5.0 mL of reference solution (b)
to 100.0 mL with waterR.
Reference solution (d) Dissolve 0.5 g of sorbitol Rand 0.5 g
of mannitolR (impurity A) in 5 mL of waterR and dilute to
10 mL with the same solvent.
Column:
- size: / = 0.3 m, (2) = 7.8 nun;
~ stationary phase: strong cation-exchange resin (calcium

form) R (9 ~m);

- temperature: 85 ± I °C.

Mobilephase Degassed waterfor chromatography R.
Flow rale 0.5 mUmin.

Detection: Differential refractometer maintained at a constant
temperature (e.g. 35 °C).

Injection 20 IJL of the test solution and reference
solutions (b), (c) and (d).

Run time Twice the retention time of sorbitol.
Relativeretention With reference to sorbitol (retention
time = about 27 min): impurity C = about O.6j
impurity A =about 0.8; impurity B =about 1.1.
SystemsuiUlbiJity Reference solution (d):
- resolution: minimum 2.0 between the peaksdue to

impurity A and sorbitol.
Limits:
- any impuniy: for each impurity, not more than the area of

the principal peakin the chromatogram obtained with
reference solution (b) (2.0 per cent);

- total: not more man 1.5 times me area of the principal
peak in the chromatogram obtained withreference
solution (b) (3.0 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained withreference solution (c)
(0.1 per cent).

Water (2.5.12)
Maximum 1.5 per cent, determined on 1.00 g. Use a mixture
of I volume ciformamide Rl and 2 volumes of anhydrous
methanol R as solvent.

Microbial contamination
H intended for use in the manufacture of parenteral
preparations:
- TA.\4C: acceptance criterion 10' CFU/g (2.6.12).
If not intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion Ill' CFU/g (2.6.12);
- TIMC: acceptance criterion 10' CFUlg (2.6.12);
- absence of Hscherichia coli(2.6.13);
- absence of Salmonella (2.6.13).

Bacterial endotoxins (2.6.14)
If intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of bacterial endotoxins:
- less than 4 IU/g for parenteral preparations having a

concentration of less than 100 gIL of sorbitol;

Sorbitol II-98!

- less than 2.5 IU/g for parenteral preparations having a
concentration of 100 gIL or more of sorbitol.

ASSAY
Liquid chromatography (2.2.29) as described in the 'est for
related substances with the following modification.
Injection Test solution and reference solution (a).
Calculate the percentage content of C6H14,o6 taking into
account the assigned content of sorbitol CRS.

LABELLING
The labelSlates:
- where applicable, the maximwn concentration of bacterial

endotoxins;
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPURITIES

~
O H OH

H ...

HO \ ~O \H .~~
HO

A. o-mannitoi,

~
OH OH

H ..

HO\' ... ~~
H OH

HO

B. D-iditol,

HO~ OH OH
o .... H

HO OHHO ~~.,~~
H~'o

OH

C. 4-O-CX-D-g1ucopyranosyl-D-g1ucitol (o-maltitol).

FUNCTIONAUTY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as beingrelevant control parameters for Olu or more
funaions of the subscanu whenusedas an exa"pienl (see chapter
5.15). Some of the characteriuics described in the Functionaljt~

related characteristics section may alsohepresent in the mandatory
pan of me monograph since theyalsorepresent mandatory quality
cruetia. In such cases) a cross-reference 10 the testsdescribed in the
mandatory pan is included in theFunctionality-related
characteristics section. Control of thecharatteristks canconmbtne
to thequalityof a medicinal ptodua by improving theconsistency
of the manufacturing process and the peiformance of the medicinal
product during use. J.l7here control methods arecited) theyare
recognised as beingsuitable jor thepurpose, but other methods can
alsobe used. W'herever results for a particular characteristic are
reported} thecontrol method mustbe indicated:
Thefollowing characteristics may be relevant for sorbitol usedas
jillerand binder in tablets.

Particle-size distribution (2.9.31 or 2.9.31J)

Powder /low (2.9.36)
____________~ PhE,;
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___________________ PhE"

PhE" _

DEFINITION
Aqueous solution of a hydrogenated, parrly hydrolysed
starch.

Content
- anhydrous substance: 68.0 per cent mlm to

72.0 per cent mlm,

added towards the end of the titration} as indicator. Not less
than 12.8 mL of 0.05 M sodium thiosulfate is required.

Water (2.5.12)
15.0 per cent to 32.0 per cent, determined on 0.100 g.

MicrobIal contamination
TMIC: acceptance criterion 10' CFU/g (2.6.12).
TYMC: acceptance criterion 10' CFU/g (2.6.12).
Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).

ASSAY
Liquid chromatography (2.2.29).

Test soluewn Dissolve 0.400 g of the substance to be
examined in waterR and dilute to 20.0 mL with the same
solvent.
Reference solution (a) Dissolve 50.0 mg of soroitol CRS and
20.0 mg of 1,4-sorbilan CRS in water R and dilute to 5.0 mL
with the same solvent.
Reference solution (b) Dissolve 0.100 g of mannilOl Rand
o. I 00 g of soroitol R in waterR and dilute to 10 mL with the
same solvent.
Column:
- size: / = 0.3 m, 0 = 7.8 rom;
- stationary phase: strong cation-exchange resin (calcium

fonn) R (9 urn);
- temperature: 80 ± 5 °C.

Mobile phase Degassed waterfor chromalOgrap/ty R.
Flt>w rate 0.5 mUmin.
Detection Differential refractometer maintained at a constant
temperature (e.g. 30-35 °C).

Injection 40 1'1-.
Relative mention With reference to D-sorbitol (retention
time = about 25 min): 1,4-sorbitan = about0.5;
mannitol = about 0.8.

System suitability Reference solution (b):
- resolution: minimum2.0 between the peaksdue to

mannitol and n-aorbltcl.

Calculate the percentage contentsof 1,4-sorbitan (CJi120S)
and D-sorbitol (C6H I40 6) taking into account the assigned
contents of 1,4-sorbiran CRS and soroitol CRS.

LABELLING
The labelstates the content of o-sorbirol and the content of
lA-sorbitan (= nominal values).

**** ** ** ****
Liquid Sorbitol (Crystallising)
Sorbitol Solutio~ (70 per cent) (Crystallising)

(ph. Bur. monograph 0436)

Action and use
Excipient.

DEFINITION
Partlajly dehydrated liquid sorbitol is obtained by acid­
catalysed partial internal dehydration of liquid sorbitol.
It contains not less than 68.0 per cent mlm and not more
than 85.0 per cent mlm of anhydrous substances, composed
of a mixture of mainlyD-sorbitol and 1,4-sorbitan, with
mannitol, hydrogenated oligo- and disaccharides, and
scrbitans.

Content
(nominal value):
- lA-sorbitan (C6H1Z05) : minimum 15.0 per cent

(anhydrous substance);
- D-sorbitol (C6H1406) : minimum 25.0 per cent

(anhydrous substance).

The contentsof lA-sorbitan and o-sorbitoJ arewithin
95.0 per cent to 105.0 per cent of the nominal values.

CHARACTERS
Appearance
Clear, colourless, syrupy liquid.
Solubility
Miscible withwater} practically insoluble in mineral oils and
vegetable oils.

IDENTIFICATION
Examine me chromatograms obtainedin the assay.
Results The 2 principal peaksin the chromatogram obtained
with the test solution aresimilar in retention time and size to
the peaksin the chromatogram obtainedwith reference
solution (a).

TESTS
Solution S
Dilute the substance to be examinedwith carbon dioxide-free
water R prepared from distilled water R to obtaina solution
containing 50.0 per cent mlm of anhydrous substance.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Conductivity (2.2.38)
Maximum 20 ~S·cm-l.

Measure me conductivity of solution S} while gentlystirring
with a magnetic stirrer.

Reducing sugars
Maximum 0.3 per cent, calculated as glucose (anhydrous
substance).
To an amount of the substance to be examinedequivalent to
3.3 g of anhydrous substance, add 3 mL of warer R, 20.0 mL
of cupri..dtn·c solution R and a few glass beads. Heat so that
boiling begins after 4 min. Maintain boiling for 3 min. Cool
rapidly and add 100 mL of a 2.4 per cent VIVsolution of
glacial acetic acidRand 20.0 mL of 0.025 M iodine. With
continuous shalting, add 25 mL of a mixture of 6 mL of
IIydrochfori< acid R and 94 mL of waterR. When the
precipitate has dissolved} titrate the excess of iodine with
0.05 M sodium thiosulfate using 2 mL of starch solution R,

PhE" _

(SorbilOl, Liquid, Pamafly Dehydrated, Ph. Bur.
monograph 2048)

Action and use
Excipient.

Partially Dehydrated Liquid
Sorbitol
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____________________ PhE"

PhE" ~~ _

Relativeretention Withreference to sorbitol (retention
time == about 27 min): mannitol == about0.8.

System suitabt1ity Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

mannitol and to sorbitol.
Calculate the percentage contentof CJfl406 taking into
account the assigned contentof sorbiwl CRS.

DEFIN1TION
Aqueous solutionof a hydrogenated, partly hydrolysed
starch.

Content
- anhydrous substance: 68.0 percent mlm to

72.0 per cent mlm,
- n-glucltol (u-sorbitcl, C6HI40~: 72.0 per cent to

92.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, colourless, syrupy liquid, miscible with water.

IDENTIFICATION
A. Examine the chromatograms obtained in the assay.
Results The principal peakin the chromatogram obtained
with the test solutionis similar in retention time to the
principal peak in the chromatogram obtained with reference
solution (a).
B. To 7.0 g add 40 mL of water R and 6.4 g of disodium
tetraborate R. Allow to stand for I h, shaking occasionally,
and dilute to 50.0 mL with waterR. Filter if necessary.
The angle of rotation (2.2.7) is + 1.5° to + 3.5°.

C. It is a clear, syrupy liquid at 25°C.

TESTS
Appearance of solution
The solution is clear (2.2./) and colourless (2.2.2,
Method If).

Dilute 7.0 g to 50 mL with waterR.

Conductivity (2.2.38)
Maximum 10 J.1S.cm-1 measured on the undiluted liquid
sorbitol (non crystallising} while gently stirring with a
magnetic stirrer.

Reducing sugars
Maximum 0.2 per cent calculated as glucoseequivalent.
To 5.0 g add 6 mL of waterR, 20 mL of cupri-citnc
solution R and a few glass beads. Heat so thatboiling begins
after 4 min and maintain boiling for 3 min. Cool rapidly and
add 100 mL of a 2.4 per cent VIV solution of gladal acetic
acidRand 20.0 mL of 0.025 M iodine. With continuous
shaking, add 25 mL of a mixture of 6 volumes of hydrochloric
acidRand 94 volumes of waterR and, when the precipitate
has dissolved, titrate the excess of iodine with 0.05 1W sodium
thiosulfate using 1 mL of starch solution R, added towards the

*****
* ** ****

Liquid Sorbitol (Non-crystallising)
Sorbitol Solution (70 per cent) (Non-crystallising)

(ph. Eur. monograph 0437)

Action and use
Excipient.

- n-glucitol (o-sorbitol, CJI1406): 92.0 per cent to

101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, colourless, syrupy liquid, miscible with water.

IDENTIFICATION
A. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtained with reference
solution (a).

B. To 7.0 g add 40 mL of waterRand 6.4 g of disodium
t.etraborate R, allow to stand for 1 h, shaking occasionally, and
dilute to 50.0 mL with water R. Filter if necessary. The angle
of rotation (2.2.7) is 00 to + IS.

C. It is a clear, syrupy liquid at a temperature of 25 "C.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2"
MeUwd II).

Dilute 7.0 g to 50 mL with waterR.

Conductivity (2.2.38)
Maximum 10 f.lS·cm-l measured on the undiluted liquid
sorbitol (crystallising) while gently stirring with a magnetic
stirrer.
Reducing sugars
Maximum 0.2 per cent calculated as glucoseequivalent.
To 5.0 g add 6 mL of water R, 20 mL of cupn-cioic
,olution R and a few glass beads. Heat so that boiling begins
after 4 min and maintain boiling for 3 min. Cool rapidly and
add 100 mL of a 2.4 per cent VIV solution ofglacial acetic
acidRand 20.0 mL of 0.025 M iodine. With continuous
sbaking, add 25 mL of a mixture of 6 volumes of hydrtXhlori<
addR and 94 volumes of water R and, when the precipitate
has dissolved, titrate the excess of iodinewith 0.05 M sodium
thiosulfate using 1 mL of starch sdudon R, added towards the
end of the titration, as indicator. Not less than 12.8 mLof
0.05 M sodium thio,ulfate is required.

Water (2.5.12)
28.0 per cent to 32.0 percent mlm, determined on 0.100 g.

ASSAY
Liquid chromatography (2.2.29).

Test solution i\-lix 1.00 g of the substance to be examined
with 20 mL of waterR and dilute to 50.0 mL with the same
solvent.
Reference solution (a) Dissolve 65.0 mg of ,orbiw! CRS in
2 mL of waterR and dilute to 5.0 mL with the same solvent.
Reference solution (b) Dissolve 65 mg of manm·to/ Rand
65 mg of ,orbirol R in 2 mL of waterR and dilute to 5 mL
with the same solvent.
Column:
- size: 1:= 0.3 m, 0 == 7.8 mm,
- stationary phase: strong cation-exchange resin (calcium

form) R (9 pm),
- temperature: 85 ± 1 °C.

Mobile phase Degassed waterfor chromarography R.
Flowrate 0.5 mUmin.
Detection Differential refractometer maintained at a constant
temperature (e.g. 35 °C).

Injection 20 ~L.

Run time Twice the retention time of sorbitol.
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PhE" _

H', OH H

ifNy CH3
o~ ,,0 and enanUomer. Her
~s1 CI.I-

HC' 'N # '"
3 H

959-24-0308.8

Action and use
Heta-adrenoceptcr antagonist; class IT and class ill
antiarrhythmic.

Sotalol Hydrochloride

DEFINITION
N-[4-[(IRS)-I-Hydroxy-2-[(propan-2-yl)amino]ethyl)phenyl]
methanesulfonamide hydrochloride.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freelysoluble in water, soluble In ethanol (96 per cent),
practically insoluble in methylene chloride.

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Compatisor ,0Ullol hydrochloride CRS.
B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in <arbon dioxide-free waterR and dilute to
50.0 mLwith the same solvent.

Appearance of solution
SolutionS is not more opalescent than reference
suspension ill (2.2.1) and not more intensely colouredthan
reference solution Y6 (2.2.2, Method lI).

pH (2.2.3)
4.0 to 5.0.

Dilute 5.0 mL of solution S to 10.0 mL with ,arbondioxide­
freewaterR.

Optical rotation (2.2.7)
-0.10° to + 0.10°.

Dilute 25.0 mL of solution S to 50.0 mL with waterR.

Related substances
Liquid chromatography (2.~.29).

Test solution Dissolve 20.0)mg of the substance to be
examinedin the mobile phase and dilute to 10.0 mLwith
the mobile phase.
Reference ,oIution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 3.0 mL of this
solution to 10.0 mLwith the mobilephase.
Reference ,oIU1ion (b) Dissolve 8.0 mg of ,otolol
impurity B CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase.
Reference solution (,) Dilute 1.0 mL of reference solution (b)
to 100.0 mL with the mobile phase.

(Ph. Eur. manograph 2004)

end of the titration, as indicator. Not less than 12.8 mL of
0.05 AtI sodium thiosulfate is required.

Reducing sugars after hydrolysis
Maximum 9.3 per cent calculated as glucose equivalent
To 6.0 g add 35 mL of waterR, 40 mL of I M hydrochloric
acid and a few glass beads. Boil undera reflux condenser for
4 h. Cool and neutralise with dilute sodium hydroxide
SO[UNOI1 R using 0.2 mLof bromothymol blue solution Rl as
indicator. Cool and dilute to 100.0 mL with waterR.
To 3.0 mL of the solution add 5 mL of waterR, 20 mL of
cupri-cioic solution R and a few glassbeads. Heat so that
boiling begins after 4 min and maintain boiling for 3 min.
Cool rapidly and add 100 mL of a 2.4 per cent VIV solution
ofglacial acetic acidRand 20.0 mL of 0.025 M iodine. With
continuous shaking, add 25 mL of a mixture of 6 volumes of
hydroch/Qric acidRand 94 volumes of walerR. When the
precipitate has dissolved, titrate the excess of iodine with
0.05 M sodium thiosulfate using 1 mLof starch solution RJ

added towards the end of the titration) as indicator. Not less
than 8.0 mL of 0.05 M sodium Ihiornlfate is required.

Water (2.5.12)
28.0 per cent to 32.0 per cent mtm, determined on 0.100 g.

ASSAY
Liquid chromatography (2.2.29).

Testsolution Mix 1.00 g of the substance to be examined
with 20 mL of water R and dilute to 50.0 mL with the same
solvent.
Reference ,oIution (a) Dissolve 55.0 mg of ,orbitol CRS in
2 rnL of water R and dilute to 5.0 mL with the same solvent.
Reference solution (b) Dis;olve 55 mg of mannitolRand
55 mg of ,orbi",1 R in 2 mL of water R and dilute to 5 mL
with me same solvent.

Column:
- size: 1= 0.3 m, 0 = 7.8 mm,
---..,.. stationary phase: strong cauon-exchang» resin (calcium

fonn) R (9 urn),
- temperature: 85 ± 1°C.

Mobile phase Degassed waterfor ,hromatography R.
Flow rate 0.5 mUmin.
Deteaion Differential refractometer maintained at a constant
temperature (e.g. 35°C).

Injection 20 ur,

Runlime Twice the retention timeof sorbitol.
Relative retention With reference to sorbitol (retention
time = about 27 min): mannitol = about 0.8.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

mannitol and to sorbitol.

Calculate the percentage Content of C6H l406 taking into
account the assigned content of sorbitol CRS.
___________________ PhE"
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C. N-(4-formylphenyl)methanesulfonamide,

PhEIf ~ _

**** ** *<,»
Hydrogenated Soyabean Oil

(Hydrogenated Soya-bean Oil, Ph. Bur. monograph 1265)

Hydrogenated Soya Oil

DEFINITION
Product obtained by refining) bleaching) hydrogenation and
deodorisation of oil obtained from seeds of Glycine max (L.)
Merr. (G. hispida (Moench) Maxim.). The product consists
mainly of triglycerides of palmitic and stearic adds.

CHARACfERS
Appearance
Whiteor almostwhite mass or powderwhichmelts to a
clear) pale yellow liquid when heated.

Soluhility
Practically insoluble in water, freely soluble in methylene
chloride, in light petroleum (bp: 65-70 "C) after heating and
in toluene, veryslightly soluble in ethanol (96 per cent).

IDENTIFICATION
A. Melting point (see Tests).

B. Composition offatty acids (see Tests).

TESTS
Melling point (2.2.15)
66 °C to 72 °C.

Acld value (2.5. /)
Maximum 0.5.

Dissolve 10.0 g in 50 mL of a hot mixture of equal volumes
of ethanol (96 per cent) R and toluene R, previously neutralised
with 0.1 M potassium hydroxide using 0.5 mL of
phenolphthalein sohuion RJ as indicator. Titrate the solution
immediately while stillhot.

Peroxide value (2.5.5, MethodA)
Maximum 5.0.

Action and use
Excipient.

O
CHO

0..'8,0 I
H c.... .... N

3 H

_~ PhEIf

B. N-[4-[[(ptopan-2-yl)amino]acetyl]phenyl)
methanesulfonamlde,

D. N-[4-[(IRS)-2-hydroxy-I-[(propan-2-yl)amino)ethyl]
phenyl]methanesulfonamide.

Reference solution (d) Dilute 1.5 mL of reference
solution (b) to 100 mL with the mobile phase. To 1 mL of
this solution add 1 mL of reference solution (a).
Column:
- size: 1= 0.25 rn, 0 == 4.6 mmj
- stationary phase: base-deactiuated end-capped a<tadecylsily/

SIlica gd for chromatography R (5 urn).

J.Wobile phase Dissolve 2 g of sodium oaonesulfimae R in
790 mL of waterfor chromatography R, adjust to pH 3.0 with
phosphoric acid R and add 210 mL of acetonurile for
chromalOgraphy R.
Flow race 1 mUmin.
Detection Spectrophotometer at 228 run.
Injection 10 ilL of the test solution and reference
solutions (a), (c) and (d).

Run time 2.5 times the retention timeof sotalol.

Systemsnitobi/ity Reference solution (d):
- resolution: minimum 4.0 between the peaksdue to sctalol

and impurity B.
Limits:
- impurity B: not more than 0.25 times the areaof the

principal peak in the chromatogramobtained with
reference solution (c) (0.1 per cent);

- atryother impun"ey: not: more than the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.3 per cent), and not more than 1 such
peak has an area greater than0.3 times the area of the
principal peak in the chromatogram obtainedwith
reference solution (a) (0.1 per cent);

~ total of other impun·tid: not more than 1.65 times the area
of the principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

~ disregard limit: 0.17 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 05 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum0.1 per cent, determined on 1.0 g.

ASSAY
In order to avoid overheating during the uiration;, mix lhoroughly
throughout and slap the titration immediately aftertheend-point
has been reached.

Dissolve 0.250 g in 10 mL of anhydrous formic acid R;, using
sonication if necessary. Add 40 mL of acetic anhydride Rand
titrate immediately with 0.1 M perchloric acid. Determine the
end-point potentiometrically (2.2.20).

I mL of 0.1 M perchlonc acid is equivalent to 30.88 mg of
C12H21CIN203S.

STORAGE
Protected from light.

IMPURITIES

A. N-[4-[2-[(propan-2-yl)amino]ethyllphenyl]
merhanesuffonamide,
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11-986 Soya Oil

Unsaponifiable matter (2.5.7)
Maximum 1.0 per cent, determined on 5.0 g.

Alkaline impurities (2.4.19)
Dissolve 2.0 g with gentle heating in a mixture of 1.5 mL of
ethanol (96 per cent) Rand 3 mL of toluene R. Add 0.05 mL
of a 0.4 gIL solution of bromopheno! blueR in ethanol
(96 per cent) R. Not more than 0.4 mL of 0.01 M hydrochloric
acid is required to change the colour to yellow.

Composition of fatty acids
Gas chromatography (2.4.22, MethodA) with the following
modifications. Use the mixture of calibrating substances in
Table 2.4.22.-3.

Column:
- material: fused silica;
- size: 1= 25 ID, 0 :;;; 0.25 mm;
- scotionary phase: cyanopropylpo/ysi/Qxane R (film thickness

0.2 urn).

Carrier gas heliumfor chromawgraphy R.

Flow rale 0.65 mlJrnin.
Split ratio 1:100.

Temperature:
- column: 180°C for 20 min;
- injection port and daeaor: 250 "C.

Detection Flame ionisation.
Composition of thefat~ fraction of the substance:
- saturatedfatty acidsof chain length less than eu : maximum

0.1 per cent;
- myristic add: maximum 0.5 per cent;
- pa!mitkadd: 9.0 per cent to 16.0 per cent;
- steancacid: 79.0 per cent to 89.0 per cent;
- oleitadd and isomers: maximum 4.0 per cent;
- linoleic acid and isomers: maximum 1.0 per cent;
- lino/enit acid and isomers: maximum 0.2 per cent;
- arachidic acid: maximum 1.0 per cent;
- behenic acid: maximum 1.0 per cent.

STORAGE
Protected from light.
___________________ PIIE<r

Refined Soya Oil
Refined Soyabean Oil

(RefinedSoya-bean Oil, Ph. Eur. monograph /473)

Action and use
Excipient.

When Soya Oil, Soyabean Oil or Soya-bean Oil is demanded,
Refined Soya Oil shall be supplied.

When intended for use in the manufacture of a parenteral
dosage form, Refined Soya Oil complying with the
requirement for Water below should be used.

PIlE" _

DEFINITION
Fatty oil obtained from seeds of Glycine max (L) Merr.
(Glycine hispida (Moench) Maxim.) by extraction and
subsequent refining. It may contain a suitable antioxidant

PRODUCTION
The oil is prepared using materials and methods designed to
ensure that the content ofbrassicasterol (2.4.23) in the sterol
fraction of the oil is not greater than 0.3 per cent.

2022

CHARACTERS
Appearance
Clear, pale yeUowliquid.

Solublllty
Practically insoluble in ethanol (96 per cent), miscible with
light petroleum (bp: 50-70 "C).

Relative density
About 0.922.

Refractive index
About 1.475.

IDENTIFICATION
First identification: B.

Secondidentification: A.

A. Identification of fatty oils by thin-layer Chromatography
(2.3.2).

Results The chromatogram obtained is similar to the
corresponding chromatogram shown in Figure 2.3.2.-1.

B. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 0.5.

Peroxide value (2.5.5, Method A)
Maximum 10.0, or maximum 5.0 if intended for use in the
manufacrure of parenteral preparations.

Uosaponifiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.

Alkaline impurities (2.4.19)
It complies with the test.

Composition of fatty acids (2.4.22, MethodA)
Use the mixture of calibrating substances in Table 2.4.22.-3.

Composition of thefauy-add fraction of the 0.7:
- saturacedfattyacidsof chain length Ius than C14: maximum

0.1 per cent;
- myristic add: maximum 0.2 per cent;
- palmitic acid: 9.0 per cent to 13.0 per cent;
- pa/miroleic add: maximum 0.3 per cent;
- steanc acid: 2.5 per cent to 5.0 per cent;
- oleic add and isomer: 17.0 per cent to 30.0 per cent;
- linolek add: 48.0 per cent to 58.0 per cent;
- linolenic acid: 5.0 per cent to 11.0 per cent;
- arachidic. acid: maximum 1.0 per cent;
- eicosenoic add: maximum 1.0 per cent;
- behenic add: maximum 1.0 per cent.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In a well-filled container, protected from light, at a
temperature not exceeding 25°C. If intended for use in the
manufacture of parenteral preparations, store under an inert
gas.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture ofparenteral preparations
and the name of the inert gas.
__~ PIIE"
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2022 Spectinornycin Dihydrochloride Pentahydrate II-987

P?>E<I _

Action and use
Aminocyclotol antibacterial.

Specific optical rotation (2.2.7)
+ 15.0 to + 21.0 (anhydrous substance), determined on
solution S within 20 min of preparation.

Related substances
Liquid chromatography (2.2.29). In order to avoidformation of
anomeT:S.J prepare the solutions immediately before use.
Test solution Dissolve 15.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobile phase.
Reference solution (a) Dissolve 3 mg of spectinomycin for
system suirability CRS in the mobile phase and dilute to
20 mL with the mobile phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase.

Reference solution (e) Dilute 3.0 mL of reference solution (b)
to 10.0 mL with the mobile pbase.

Column:
- size: / = 0.25 m, Q) = 4.6 nun;
- srationary phase: octylsilyl silica gelfor chromatography R

(5 pm):
- temperature: ambient and constant.
Mobile phase Dissolve 4.2 g of oxalic acidRand 2.0 mL of
heprafluorobnt)lric add R in waterR and dilute to 1000 mL
with waterR; adjust to pH 3.2 with sodium hydroxide
solution R, add 105 mL of acetonitrile Rand mix; filter
through a 0.45 pm filter and degas with helium for
chromatography R for 10 min.

Flow rate 1.0 mlJmin.

Post-column solution carbonate-free sodium hydroxide solution R
diluted with carbon dioxide-free water R to obtaina final
concentration ofNaOH of 21 gIL. Degas the solution with
helium for chromatography R for 10 min before use. Add it
pulse-less to the column effluent usinga 375 J.lL polymeric
mixing coil.
Post-eolumn flow Tale 0.5 mUmin.
Detection Pulsed amperomeuicdetectionor equivalent with
a gold indicatorelectrodehavingpreferably a diameter of
1.4 nun or greater, a suitable reference electrode and a
stainless steel counter electrode, held at + 0.12 V detection,
+ 0.70 V oxidation and -0.60 V reduction potentials
respectively, with pulse durations according to the instrument
used. Keep the detection cell at ambient and constant
temperature. Clean the gold indicator electrode with an
eraser and damp precisionwipe prior to start-up of the
system to enhance the detectorsensitivity and increase the
signal-to-noise ratio.
Injection 20 Jil..
Run lime 1.5 times the retention time of spectinomycin.
Idemification of impuriues Use the chromatogram supplied
with speainomycin for system sUliability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, D and E.
Relative retention With reference to spectinomycin (retention
time = II min to 20 min): impurity A = about 0.5;
impurity F = about 0.53; impurity G = about0.6;
impurity D = about 0.7; impurity E = about 0.9; (4R)­
dihydrospectinomycin = about 1.3; impurity C = about 1.4.

System suitability Reference solution (a):
- resolution: minimum 1.5 betweenthe peaks due to

impurity E and speetinomycin.
Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 0.4;

R R' Molec. Formula AI,Co"""",""

DEFlNITION
Mixture of (2R,4aR,5aR,6S,7S,8R,9S,9aR,IOaS)4a,7,9­
trihydroxy-2-methyl-6,8-bis(methylamino)decahydro-4H­
pyrano[2,3-b) [1,4)benzodioxin-4-one dibydrochloride
pentahydrate (speetinomycin dibydrochloride pentahydrate)
and of (2R,4R,4aS,5aR,6S,7S,8R,9S,9aR,IOaS)-2-methyl­
6,8-bis(methylamino)decahydro-2H-pyrano[2,3-b)
[I ,4)benzodioxine-4,4a,7,9-tetrol dihydrochloride
pentahydrate «4R)-dibydrospec!inomycin dibydrochloride
pentahydrate).

It is produced by Streptomyces spe.ctabilis or by any other
means.

Content
- (4R)-dihydrospe<titWmycin dihydrochloride: maximum

9.0 per cent (anhydrous substance);
- sum of the centenlS of speainomydn dihydrochloride and

(4R)-dihydrospeetinomycin dihydrochloride: 93.0 per cent to
102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, slightlyhygroscopic powder.

Solubility
Freely soluble in water, very slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison speairomycin hydrochloride CRS.
B. Dilute 1.0 mL of solution S (see Tests) to 10 mL with
waterR. The solution gives reaction (a) of chlorides (2.3.1),

TESTS
Solution S
Dissolve 2.50 g in carbon dioxide-free water R and dilute to
25.0 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Metlwd If).

Dilute 2.0 mL of solution S to 20.0 mL with waterR.

pH (2.2.3)
3.8 to 5.6 for solution S.

Spectinomycin Dihydrochloride
Pentahydrate
(Ph. Eur. monogroph 1152)

OH
H : H HH,C'Nx;F'0:Q..CH,

. 2HCI . 5H:20
HO 0

H OH """HN R n
....CH

J
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- impurities A, C, P, G: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (b) (1.0 per cent);

- impurities D, E: for each impurity, not more than 4 times
the area of the principal peak in the chromatogram
obtained with reference solution (b) (4.0 per cent);

- any otherimpun"ty: for each impurity) not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (1.0 per cent);

- loral: not more than 6 times the area of the principal peak
in me chromatogram obtained with reference solution (b)
(6.0 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtainedwith reference solution (c)
(0.3 per cent); disregard the peak due to (4R)­
dihydrospectinomycin.

Water (2.5.12)
16.0 per cent to 20.0 per cent, determined on 0.100 g.

Sulfated ash (2.4.14)
Maximum 1.0 per cent, determined on 1.0 g.

Bacterial endotoxins (2.6.14)
Less than 0.09 IU/mg) if intendedfor use in the manufacture
of parenteral preparations withouta further appropriate
procedure for the removal of bacterial endotoxins, Prepare
the solutions using a 0.42 per cent mlmsolution of sodium
hydrogm corbonme R.

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Test solution Dissolve 40.0 mg of the substance to be
examined inwater R and dilute to 50.0 mL with the same
solvent. Allow to stand for not less than 15 h and not more
than 72 h (formation of anomers), Dilute 5.0 mL of this
solution to 50.0 mL with the mobile pbase.

Reference solution Dissolve 40.0 mg of sp,<n'wmya'n
hydrodJloride CRS (containing (4R)-dihydrospectinomycin) in
waterR and dilute to 50.0 mL with the same solvent. Allow
to standfor the same period of time as the test solution
{formation of anomers). Dilute 5.0 mL of this solution to

50.0 mL with the mobile phase.

System suitability.
- repeotabi/ir;y: maximumrelative standard deviation of

3.0 per cent for the principal peakafter 6 injections of the
reference solution.

Calculate the sum of the percentage contentsof
spectinomycin dihydrocWoride and (4R)­
dihydrospectinomycin dihydrocWoride from the declared
contents of C14H26ChN207 and C14H2SChN207 in
speainomycin hydrochloride CRS.

STORAGE
In an airtight container. IT the substance is sterile) store in a
sterile) airtight) tamper-evident container.

IMPURITIES
Specified impurities A, C, D, E) F, G.
Otherdete<table impurities (lhe following substances would, if
present at a sufficient level, bedeuaed by oneor other of the tests

in the monograph. They are limited by thegeneral acaptanee
criterion for otherlunspe<ified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of romplianee. See also 5.10. Control of impurities
in substances for pharmaceutical use) B.

OH
~ ; OH

H,C' yy
HOY"~OH

HN,
CH,

A. 1,3-dideoxy-I,3-bis(methylamino)-my<>-inositol
(actinamine)

andeplmeratC·

B. (2S,3RS,5R)-3-hydroxy-5-methyl-2-[[(lr,2R,3S,4r,5R,6S)­
2,4,6-trihydroxy-3,5-bis(methylamino)cyclohexyl)
oxy]tetrahydrofuran-3-carboxylic acid (actinospectinoic
acid»

OH

H'C'~XJi~ °12H
0 ~:.CH,

HO 0 ~"H
H OH ~OH

HN, H
CH,

C. (2R,4S,4aS,5aR,6S,7S,8R, 9S,9aR, IOaS)-2-methyl-6,8-bis
(methylamino)decahydro-2H-pyrano[2,3-b) [I ,4)
benzodioxine-4,4a,7,9-tetrol «4S)-dihydrospectinomycin),

OH
H ; H H

H'C,NXJ"! 0:Q~,'CH'
HO o~. 'OH

H OH 'OH
HN.... HCH,

D. (2R,3R,4S,4aS,5aR,6S,7S,8R,9S,9aR, IOaS)-2-methyl-6,8­
bis(methylamino)decahydro-2H-pyrano[2,3-b) [1,4]
benzodioxine-3)4,43)7)9-pentol (dihydroxyspectinomycin)

OH

H,C'~XJ!~ °DH0 /CH,
HO 0

H OH
NH2 0

E. (2R,4aR,5aR,6S,7R,8R,9S,9aR,1 OaS)-6-amino-4a,7,9­
trihydroxy-2-methyl-8-(methylamino)decahydro-4H­
pyrano[2,3-b] [1,4)benzodioxin-4-one (N­
desmethylspectinomycin),

OH
H : 0H,c,Nyy <,x).0 ..CH,

HOy"OHO .

HN.... OH
CH,

F. (2S,4S,6R)-4-hydroxy-6-methyl-2-[[(lr,2R,3S,4r,5R,6S)­
2,4,6-trihydroxy-3,5-bis(methylamino)cydohexyl]
oxy)dihydro-2H-pyran-3(4H)-one (triol spectinomycin),
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Reference sdution (aJ Dissolve 6 mg of spirapril for system
suitablliry CRS (containing impurities B and D) in the solvent
mixture and dilute to 20 mL with the solvent mixture.

Reference solution (b) Dilute 5.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 5.0 mL of this
solution to 50.0 mL with the solvent mixture.

Reference solution (cJ Dilute 1.0 mL of reference solution (b)
to 10.0 mL with the solvent mixture.

Column:
- size: I =0.125 m, 0 =4.6 mm;
- stationary phase: octad«ylsilyl silica gelfor chromatography R

(5 pm};
- temperature: 70 DC.

Mobile phase:
- mobile phaseA: dissolve 4.5 g of tetramethylammonium

hydroxide R in 900 mL of waw R, add 100 mL of
acetonitrile RI and adjust to pH 2.2 with phosphoric add R;

- mobile phase B: dissolve 4.5 g of tetmmethylammonium
hydroxide R in 400 mL of warer R, add 600 mL of
acetonitrile RJ and adjust to pH 2.2 with phosphoric acidR;

OH
H i H H

H'C-NXJ'! °V/CH
,

HO 0 ····OH
H OH

HN, 0CH,

G, (2R,3S,4aR,5aR,6S,7S,8R,9S,9aR,1OaS}-3,4a,7,9­
tetrahydroxy-2-methyl-6,8-bis(methylamino)decahydro­
4H-pyrano[2,3-b][I ,4]benzodioxin-4-one
(tetrahydroxyspectinomycin).

___________________ PhEll

Spirapril Hydrochloride
Monohydrate
(Ph. Bur. monograph 1766)

Time
(min)

0-4

4 - 14

14 - 20

MobUe phase A
(per cent JIM

90
90 ..... 10

10

MobUe phase B
(per cent JI/J1

10

10 ..... 90

90

Action and use
Angiotensin-converting enzyme inhibitor.

PhEII _

DEFINITION
(8S) -7-[(2S) -2-[ [( IS}-I-(Ethoxycarbonyl)-3­
phenylpropyl]amino] propanoyl]-I ,4-dithia-7-azaspiro[4.4]
nonane-Secarboxylic acid hydrochloride monohydrate.

Content
97.0 per cent [Q 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, fine crystalline powder.

Solubility
Very slightly soluble in water, soluble in methanol, slightly
soluble in acetonitrile, practically insoluble in methylene
chloride.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison spirapril hydrochloritk monohydrate CRS.

C. It gives reaction (a) pf chlorides (2.3.1).

TESTS 1

Specific optical rotadon (2.2.7)
-13.0 to -11.0 (anhydrous substance).

Dissolve 0.200 g in dimechy1farmamitk R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile RI, waterR (20:80 VIV).
Test.sdution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Flow rate 2.0 mUmin.

Detection Spectrophotometer at 210 nm.

Injection 20 ~L.

Relativeretention With reference to spirapril (retention
time =about 10 min): impurity C =about 0.6j
impurity B = about 0.7; impurity A = about 1.26;
impurity D = about 1.38.

Syuem suitability Reference solution (a):
- resolution: minimum 3.5 between the peaks due to

impurity Band spirapril, and minimum 5.5 between the
peaks due to spirapril and impurity D.

Limits:
- impuniy D: not more than 0.8 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.4 per cent);

- impwity B: not more than 0.6 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- impurities A, C: for each impurity, not more than
0.4 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

- unspecified impun·t;es: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit: area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 per cent).

Water (2.5.12)
3.0 per cent to 4.0 per cent, determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

www.webofpharma.com



11-990 Spironolactone 2022

____________________ Pflf"

52-01-7416.6

(ph. Eur. monograph 0688)

Spironolactone

~~0N\Co,H
HO~ H H CH3 Lfs

s~

B. (8S)-7-[(2S)-2-[[(IS)-I-carboxy-3-phenylpropyl]amino]
propanoyl]-I ,4-dithia-7-azaspiro[4.4]nonane-8-carboxylic
acid (spiraprilat},

D. I-methylethyl (8S)-7-[(2S)-2-[[( IS)-I-(ethoxycarbonyl)-3­
phenyIpropyl]amino]propanoyl]-I,4-dithia-7-azaspiro[4.4]
nonane-Secarboxylate.

C. (2S)-2-[[( IS) -1-(ethoxycarbonyl)-3-phenylpropyl]aminoJ
propanoic acid,

ASSAY
Liquid chromatography (2.2.29).

Solvent mixture Mix equal volumes of aceumimle Rl and
water R.
Testsolution Dissolve 20.0 mg of me substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solventmixture.
Reference solution (a) Dissolve 20.0 mg of spirapril
hydrochloride monohydrate CRS in the solvent mixture and
dilute to 100.0 mL with the solvent mixture.

Reference solution (b) Dissolve 6.0 mg of spirapril for system
suitability CRS (spirapril spiked with impurity B and
impurity D) in a mixture of 2 volumes of acetonitrile Rand
8 volumes of waterR and dilute to 20 mL with the same
mixture of solvents.
Solution A Dissolve 4.5 g of tetramethylammonium
hydroxide R in 900 mL of waterR, adjust to pH 1.75 with
phosphoric acidR and add 100 mL of acetonitrik RI.
Solution B Dissolve 4.5 g of tetramethylammonium
hydroxide R in 400 mL of waterR, adjust to pH 1.75 with
phosphoric acidR and add 600 mL of acetonitrile RI.
Column:
- size: / =0.125 ID,0 = 4.6 mm;
- stationary phase: octadecylsilyl saica gd for chromatography R

(5 ~m);

- temperature: 70 "C.

Mobile phase Solution A, solution B (45:55 VIV).

Flow fale 2.0 mUmin.
Detection Spectrophotometer at 210 run.

Injection 20~.

Retention time Spirapril = 1.6 min to 2.9 min;
impurity D = about 13 min. Adjust the proportion of
solution B in the mobilephase ifnecessary.
System suitability Reference solution (b):
- resolution: minimum 15 between the peaks due to spirapril

and impurity D.

Calculate me percentage content of C22H31CIN20jS2 using
the chromatogram obtained with reference solution (a) and
taking into account the assigned COntent of spirapril
hydrochloride monohydrate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impuriti<s A, B, C, D.

A. ethyl (2S)-2-[(3'S,8'aS)-3'-methyl-1 ',4'­
dioxohexahydrospiro[ I ,3-dithiolane-2,7'(6'H)-pyrrolo[I ,2­
a]pyrazin]-2 '-yl]-4-phenylbutanoate,

Action and use
Aldosterone receptor antagonist; potassium-sparing diuretic.

Preparations
Spironolactone Oral Suspension
Spironolactone ~ablets

Pflf" _

DEFINITION
S-[(2'R)-3,5'-Dioxo-3',4'-dihydro-5'H-spiro[androst-4-ene­
17,2'-furan]-7<l-yl] ethanethioate.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white powder.
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Solubility
Practically insoluble in water, soluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
First identification: A.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sjn'nmoiactone·CRS.
If the spectra obtained in the solid state shows differences,
dissolvethe substance to be examined and the reference
substance separately in the minimum volume of methanol R,
evaporate to dryness and record new spectra using the
residues.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in methylene chloride R and dilute to 10 mL with
the same solvent.

Reference solution Dissolve 20 mg of spironolactone CRS in
methylene ehloride R and dilute to 10 mL with the same
solvent.
Plate TLC silica gelFZ54 plate R.
iWobile phase waterR, cyclohexane R, ethylacetate R
(I :24:75 VIVW).
Applicadon 5 ~L.

Development Over 3/4 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 om.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtainedwith the
reference solution.
C. To about 10 mg add 2 mL of a 50 per cent VIV solution
of sulfuric acid R and shake.An orange solution with an
intense yellowish-green fluorescence is produced.Heat the
solution gently; the colourbecomes deep red and hydrogen
sulfide, whichblackens leadacetate paper R, is evolved.
Add the solution to 10 mLof water R, a greenish-yellow
solution is produced, showing opalescence or a precipitate.

TESTS
Specific optical rotation (2.2.7)
-46 '0 -41 (dried substance).

Dissolve 0.100 g in ethanol (96 per cent) R and dilute to
10.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare theSoilltUJIIS

immediately before use.
Solventmixture aceumilrile R, waterR (50:50 VIV).
Test solution (a) Dissolve 50.0 mg of me substance to be
examined in 2.5 mL of tetrahydrcfuron R and dilute to
25.0 mL with the solvent mixture.

Test solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture.
Reference solution (a) Dilute 1.0 mL of test solution (b) to
10.0 mL with the solventmixture.

Reference solution (b) Dissolve with the aid of ultrasound the
contents of a vial of spironolactone for system suitabl7ity CRS
(containing impurities A, C, D, E and I) in 1.0 mLof the
solvent mixture.
Reference solution (cJ Dissolve 50.0 mg of spironolactone CRS
in 2.5 mL of tetrahydrcfumn R and dilute to 25.0 mL with

Spironolactone II-991

the solvent mixture. Dilute 1.0 mL of this solution (0

100.0 mL with the solvent mixture.
Reference solution (d) Dissolve 5.0 mg of canrenone CRS
(impurity F) in 2.5 mL of tetrahydrofuran R and dilute to
25.0 mL with the solvent mixture. Dilute 3.0 mL of this
solution to 100.0 mL wilh the solventmixture.
Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromawgraphy R (3 um);
- temperature: 40 "C.

iHobile phase acetonitrile R, tetrahydrojuran R, methanol Rl,
waterfor chromatography R (15:20:425:540 VIVIVIV).

Flow ral< 1.0 mllmin.
Detection Spectrophotometer at 254 om.
Injection 20 J.lL of test solution (a) and reference
solutions (a), (b) and (d).

Run time 2.5 times the retention time of spironolactone.
Identification of impurities Use the chromatogram supplied
with spironolactone for system suitability CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peaksdue to impurities A, CJ D, E and Ij use
the chromatogram obtainedwith reference solution (d) to
identify the peak due to impurity F.
Relativeretention With reference to spironolactone (retention
time ;:: about 26 min): impurity A = about0.95;
impurity F = about 1.2; impurity C = about 1.5;
impurity D =about 1.6j impurity E =about 1.7j
impurity I = about 1.9.
Systemsuitability Reference solution (b):
- peak-to-oalley ratio: minimum 1.5, where Hp = height

above the baselineof the peakdue to impurity A and
HI) = height above the baseline of the lowestpoint of the
curveseparating this peakfrom the peakdue to

spironolactone.
Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity F by 2.3;
- impun'ty I: not more than 5 times the area of the principal

peak in the chromatogram obtainedwith reference
solution (aJ (0.5 per cent);

- impurities EJ F: for each impurity, not more than 3 times
the area of the principal peak in the chromatogram
obtainedwith reference solution (a) (0.3 per cent);

- impwitiesA, C: for each impurity, not more than twice the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.2 per cent);

- impun'ty D: not more than 15 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cent);

~ unspecified impuniies: for each impurity, not more than the
, area of the principal peak in the chromatogram obtained

with reference solution (a) (0.10 per cent);
- total: not more than 7 times the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.7 per cent);

- disregard limit. 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Free thiol compounds
To 2.0 g add 20 mL of waterR, shake for I min and filter.
To 10 mL of the filtrate add 0.05 mL of 0.01 M iodine and
0.1 mL of starch solutUm R and mix. A blue colour develops.
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F. (2'R)-3',4'-dihydro-5'H-spiro[androst-4,6-diene-17,2'­
furan]~3J5'-dione(canrenone),

E. S,[(2'R)-3,5'-dioKo-3'.4'-dihydro-5'H-spiro[androst-4­
ene-17,2'-furanj-7p-yl] ethanethioate (7jl-spironolactone),

o

D. S-[(2'R)-3,5'-diOKO-3 ',4 ,-dihydro-S" H-spiro[androst-4­
ene-17,2'-furanj-7a-yl] ethanetdlthioperoxate) (disulfanyl­
spironolactone),

G. S-[(2'R)-6P-hydroxy-3,5'-diOKo-3',4' -dihydro-5'H-spiro
[androst-4-ene-17,2'-furanj-7a-ylj ethanethioate (6jl­
hydroxy-spironolactone),

Loss on drying (2.2.32)
Maximum 05 per cent, determined on 1.000 g by drying in
an oven at lOS °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the 'est for
related substances with the following modification.
Injection Test solution (b) and reference solution (c).
Calculate the percentage content of C2.JI3204S from the
assigned content of spironolactone CRS.

STORAGE
Protected from light.

IMPURITlliS
Specified impuniies A, C, D, E, P, J.
Otherdelectable impun"des (the follewing substances would, if
present at a sufficient level, be detected by oneor other of the USLS

in themonograph. Theyare limitedby thegeneral aueptance
criterion for otherlunspedfied impuniies and/or ~ the general
monograph Substances for pharma<eutkal use (2034). It is
therefore not necessary to identify these impuniies for
demonstration of compliance. See also5.10. Control of impurities
in substances lor pharmaceutical use) B, G, H.

A. S-[(2'R)-3,5'-dioxo-a'H-spiro[androst-4-ene-17,2'-furan]­
7ct.-yl] ethanethioate (A2o-spironolactone),

B. S-[(2'R)-4-bromo-3,5'-dioxo-3',4'-dihydro-5'H-spiro
[androst-4-ene-17,2'-furan]-7a-ylj ethanethioate
(4-bromospironolactone)J

c. (2'R)-3',4'-dihydro-S'H-spiro[androst-4-<:ne-17,2'-furan]­
3J5'-dione (aldene),

H. (2'Sj-spiro[androst-4,6-diene-17,2'-oxiranl-S-one,

1. S-[17a-(ethoKYlllethyl)-17jl-hydroxy-3-oKoandrost-4-en­
7a-yl] ethanethioate,

___________________ P/<E<r
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____________________ PIIE<r

60 --> 290

290

275

300

Temperature
CCJ

Tim.
(min)

0-39

39 - 50

Injection port

Detector

Column

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison squalaneCRS.

B. Refractive index (see Tests).

TESTS
Appearance
The substance to be examined is clear(2.2.1) and colourless
(2.2.2, Method Il).

Refractive index (2.2.6)
1.450 to 1.454.

Acid value (2.5.1)
Maximum 0.2.

Iodine value (2.5.4, Method A)
Maximum 4.0.

Saponification value (2.5.6)
Maximum 3.0.

Total ash (2.4.16)
Maximum 0.5 per cent, determined on 1.000 g.

ASSAY
Gas chromatography (2.2.28).

Internal standardsolution To 1.0 mL of dimethylaceeamide R
add 100.0 mL of heptane R.
Testsolution Dissolve 0.100 g of the substance to be
examinedin the internal standard solution and dilute to
25.0 mL with the same solution.
Reference solution (a) Dissolve 0.100 g of squa/ane CRS in
the internal standard solution and dilute to 25.0 mL with the
same solution.
Referena solution (b) To 0.1 mL of methylerueate R add
0.100 g of the substance to be examined, dissolve in the
internal standard solution and dilute to 25 mL withthe same
solution.
Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 mm;
- stationary phase: methylpolysiloxane R (film thickness I 1IJl1).

Carrier gas helium for chromawgraphy R.
FWw rate 1.7 mllmin.

Split ratio 1:12.

Temperature:

Detection Flame ionisation.
Injection I ~L.

Relativeretention With reference to squalene (retention
time = about 41 min): internal standard = about 0.2; methyl
erucate = about 0.9; cyclosqualane = 1.05.
SystemsuitabJity Reference solution (b):
- resolution: minimum 5 betweenthe peaks due to methyl

erucateand squalane.
Calculate the percentage content of C.3oH62 using the
chromatogram obtainedwith reference solution (a) and
taking into account the assigned content of squalane CRS.

111-01-1

CH,

CH,

CH,

CH,CH,CH,

(Ph. Eur. monograph 1610)

C,oH" 422.8

Action and use
Excipient; emollient.

Products with Risk of
Transmitting Agents of Animal
Spongiform Encephalopathies
(Ph. Eur. monograph 1481)
PII&r _

Squalane

PIIEII _

DEFINITION
Products with riskof transmitting agents of animal
spongifonn encephalopathies are those derived from tissues
or secretions of animals susceptible to transmissible
spongiform encephalopathies other thanbyexperimental
challenge. This monograph applies to all substances or
preparations obtainedfrom such animals and to aU
substances or preparations whereproducts obtained from
such animals are includedas activesubstances or excipients
or have been used during production, for example as raw or
source materials, starting materials or reagents.

PRODUCTION
Production complies with chapter 5.2.8. Minimising the risk of
rransmitting animal spong/Jon,,- encepha/ophathy agents via
human and veten"nary medicinal products.

DEFINITION
(68,108, 158, 19B)-2,6J 10,15)19,23-Hexamethyltetracosane
(perhydrosqualene). It may be of vegetable (unsaponifiable
matterof olive oil), animal (shark liveroil) or synthetic
origin.

Content
96.0 per cent to 103.0 per cent.

PRODUCTION
The originof the squalane (vegetable, animal or synthetic) is
stated by the manufacturer.

CHARACTERS
Appearance
Clear, colourless, oily liquid.

Solubillty
Practically insoluble in water) misciblewith most fats and
oils, freely soluble in acetone and in cyclohexane, practically
insoluble in ethanol (96 per cent).

Relative density
About 0.815.
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__________________~ PhE"

LABELLING
The label states the origin of squalane (vegetable, animal or
synthetic).

(Ph. Bur. monograph 2805)

Reference solution (a) Dissolve 0.100 g of squalene CRS in
heptane R and dilute to 100.0 mL with me same solvent.
Reference solution (b) Dissolve 0.100 g of me substance to
be examined and 0.100 g of methyllignocerare R in heptane R
and dilute to 100.0 mL with the same solvent.
Golmnn:
- material: fused silica;
- size: I ;;;; 30 m, 0 ;;;; 0.32 mm;
- stationary phase: methylpolysiloxane R (film dtickness I pm).

Garrier gas helimnfor chromawgraphy R.
Flaw rate 1.7 mUmin.

Split ratio 1:12.

Temperature:

**** ** ** ****

CH,

CH,

CH,CH,

Squalene

PhE" _

DEFINITION
(6E,1OE,14E)18E)-2,6,10,15,19,23-Hexamethyltetracosa­
2,6,lO,14,18,22-hexaene. It may he of vegetable or animal
origin.

Content
97.0 per cenr to 103.0 per cent (anhydrous substance).

This monograph applies to squalene used as an adjuvant in
vaccines.

CHARACTERS
Appearance
Clear,colourless or lightyellow, oily liquid.

Solubility
Practically insoluble in water, freely soluble in acetoneand in
cyclohexane, soluble in ethanol (96 per cent),

Relative density
About 0.86.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison squalene CRS.

TESTS
Appearance
The substance to be examined is clear (2.2.1) and DO[ more
intensely colouredthanreference solutionY6 (2.2.2,
Method II).

Refractive index (2.2.6)
1.491 to 1.499.

Acid value (2.5./)
Maximum 1.0.

Iodine value (2.5.4, Method B)
350 to 450, determined on10.06 g.

Peroxide value (2.5.5, MethodA)
Maximum 5.0.

Saponification value (2.5.6)
Maximum 5.0.

Water (2.5.32)
Maximum 0.2 per cent, determined on 2.00 g.

ASSAY
Gas chromatography (2.2.21f). Prepare the solutions immediatdy
before use.
Test solution Dissolve 0.100 g of the substance to be
examined in heptane R and dilute to 100.0 mL with me same
solvent.

Stannous Chloride Dihydrate

10025-69-1

290

275

300

Temperature
("C)

Time
(nUn)

0-12Column

Injection port

Detector

(ph. Bur. monograph 1266)

SnCI,,2H,O 225.6
PhE" ~ _

Detection Flame ionisation.
Injeuion I ~L
Relativeretention With reference to squalene (retention
time = about 8.1 min): methyllignocerate = about 0.9.

System suitabJ7ity Reference solution (b):
-' resolution: minimum 5.0 between the peaksdue to methyl

lignocerate and squalene.
Calculate the percentage content of Csoflso taking into
account the assigned content of squalene CRS.

STORAGE
In an airtight container, protectedfrom light.

LABELLING
The label states the originof squalene(vegetable or animal).
___________~ PhE"

DEFINITION
Content
98.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powderor colourless
crystals, efflorescent in air.

Solubility
Freelysoluble in water (the solution becomes cloudyafter
standing or on dilution), freely soluble in ethanol
(96 per cent). It dissolves in dilute hydrocWoric acid.

IDENTIFICATION
A. To I mL of solution SI (see Tests) add 5 mL of water R
and 0.05 mL of mercutic chloride solution R. A blackish-grey
precipitate is formed.

B. Dissolve 1.0 g in 3.0 mL of waterR. Add 0.5 mL of dilute
sodium hydroxide solunon R to the cloudysolution: a yeUowish
flocculentprecipitate is formed. Add 6.5 mL of waterR.

II 1-02-4410.7
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DEFINITION
17-Methyl-2'H-5~-androst-2-eno[3,2-clpyrazol-17~-01.

Content
98.5 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, hygroscopic, crystalline powder.

Solubility
Practically insoluble in water, soluble in dimethylformamide,
slightly soluble in ethanol (96 per cent), very slightly soluble
in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison stanozolol CRS.
H the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of methylene
chloride R, evaporate to dryness at room temperature under
an air-stream and record new spectra using the residues.
B. Liquid chromatography (2.2.29) as described in the test
for related substances with me following modification.
Injeuum Test solution and reference solution (c).
ResuJu The principal peakin the chromatogram obtained
with me test solution is similar in retention time and size to
the principal peakin the chromatogram obtained with
reference solution (c).

TESTS
Specific optical rotation (2.2.7)
+ 37 to + 41 (dried substance).

Dissolve 60.0 mg in melhanol R and dilute to 20.0 mL with
the same solvent.

Impurities A .and B
Thin-layer chromatography (2.2.27).

So/vent mixture methanol Rl, methylene chloride R
(10:90 VIV).

Test solution Dissolve 20 mg of the substance to be
examined in 1.0 mL of the solvent mixture.
Reference solution Dissolve 2 mg of stanozolol CRS, 2.0 mg
of sranozolol impurity A GRS and 2.0 mg of sranozolol
impurity B GRS in 1.0 mL of the solvent mixture. Dilute
0.1 mL of the solutionto 2.0 mL with the solvent mixture.
PIau TLG silica gelplate R.
lvlobiJe phase glacial acetic acid R, ethylacetate R)
cyclohexane R (2:48:50 VIVIV).

10418-03-8328.5

Action and use
Anabolic steroid; androgen.

(Ph. Bur. monograph 1568)

stanozcto!To 1.0 mL of the previously shakensuspension add 1.0 mL
of strong sodium hydroxide sohuion R; the precipitate dissolves
and me resulting solution is clear and colourless.
C. Dissolve 10 mg in 2 mL of dilute nioic acid R.
The solution gives reaction (a) of cWorides (2.3.1).

TESTS
Solution SI
To 0.40 g add I mL of dilute hydrochluric acidR and dilute to
20 mL with distllled warer R.

Solution 82
Dissolve 1.0 g in dilutehydrochloric acid R and dilute to
30 mL with the same acid. Heat to boiling. Add 30 mL of
thioacetamide solution R and boil for 15 min (solution A).
Take 5 mL, filter and heat the filtrate to boiling. Add 5 mL
of thioacetamide solution R and boil for 15 min. If a precipitate
is formed, add the remainder of solution A (solution A') to
the mixture. Add 10 mL of thioacetamide solution R and boil.
Repeat the series of operations from "Take5 ml," until a
precipitate is no longer formed on addition of thioacetamide
solution R to the filtrate obtainedfrom the 5 mL of
solution A (solutionA', solution A", etc. respectively). If no
precipitate is formed or if no more precipitate is fanned
combine the solution obtainedwith the remainder of
solution A (solution A', solution AU,etc. respectively), filter
and wash the precipitate with 10 mL of waterR. Heat me
filtrate until the resulting vapour no longerturnsa moistened
piece of lead acetate paperR blackish-grey. Allow to cool and
dilute to 50 mL with waterR.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Metlwd If).

Dissolve 10.0 g in dilutehydrochloric acid R and dilute to
20 mL with the same acid.

Substances not precipitated by thioacetamide
Maximum0.2 per cent.
Evaporate 25 mL of solution S2 to dryness and igniteat
600 ± 50 °C. The residue weighs a maximum of I mg.

Sulfates (2.4.13)
Maximum 500 ppm, determined on solutionSf.

Iron (2.4.9)
Maximum 100 ppm.

Dilute 5 mL of solution S2 to 10 mL with waterR.

ASSAY
Dissolve 0.100 g in 50 mL of warer R, freed from oxygen by
purging with carbondioxide or nitrogen for 15 min.
Add 1.5 mL of hydrochloric acidRl, 5 g of sodium potassium
tartrate R, 109 of sodium hydrogen carbonate Rand 1 mL of
starch solution R. Titrate immediately with 0.05 M iodine.
Carryout a blank titration.
I mL of 0.05 M iodine is equivalent to 11.28 mg
of SnCI,,2H,O.

STORAGE
In an airtight container.
____________________ PIIEII
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OR1

OR

9005-27-0

R
o

[CJIIOO,(C2H.,O)x] u with X = molar substitution
PIlE" _

R::: -[CH2CH20LtH (n' '" O. 1,2 ... )

R1 ::: -[CH2CH:20L,-H (n"::: 0 or 1) orglucosa

(ph. Bur. managraph 1785)

ASSAY
Dissolve 0.250 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 AIperchlotic acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchlaric acid is equivalent to 32.85 mg of
C21H32N20.

STORAGE
In an airtight container, protected from light.

L\1PURlTIES
Specified impun'ties A, B.

__________________ PIlar

CH3
0 H

_~H'ff>CH'
0£t:P~H

B. 17P-hydroxy-2-(hydroxymethylene)-17-methyl-5~­

androstan-3-one (oxymetholone).

o

HO

Hydroxyethyl Starches

A. 17P-hydroxy-17-methyl-Sc-androsran-j-one
(mesranclone),

DEFINITION.
Hydroxyethyl starches are partially substituted poly(2­
hydroxyethyl)ethers of waxy maize starch or potato starch,
which primarily consist of amylopeetine. The type of
hydroxyethyl starch is defined by 2 numbers: the mean
molecular weight (Mw) and the number of hydroxyethyl
groupsper anhydrogiucose unit expressed as the molar
substitution (1W5'). Hydroxyethyl starch is also characterised
by the number of hydroxyethyl groups located at the
C2 group over the number of hydroxyethyl groups located at
C6, expressed as the C2IC6 ratio. The parameters J'rIw, MS
and C2IC6 ratioare determined by the reaction conditionsof
the production.

Appbouion I0 ~L
Development Over 3/4 of the plate.

Drying In air.

Detection Spray with vam7fin reagent R and heat at 120°C.

Systemsuitability Reference solution:
- the chromatogram shows 3 clearly separated spots, due to

stanozolol, impurity A and impurity B, in order of
increasing Rp value.

Limits:
- impun"lY A: any spot due to impurity A is not more

intense than the corresponding spot in the chromatogram
obtained with the reference solution (0.5 per cent);

- impurity B: any spot due to impurity B is not more intense
than the corresponding spot in the chromatogram
obtained with the reference solution (0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 15.0 mg of the substance (0 be
examined in methanol R and dilute (0 5.0 mL with the same
solvent.

Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 1 mg of s<anoeo/o/ CRS and
1 mg of stanozoloJ ;mpun"ty B CRS In methanol R and dilute to

20 mL with the same solvent.

Reference solutian (c) Dissolve 15.0 mg of s<anoeo"'/ CRS in
methanol R and dilute (0 5.0 mL with me same solvent.
Column:
- size: / = 0.15 m, 0 = 4.6 mrn;
- sratKinary phase: end-copped octade<y/si/y/ silica gelfor

chromatography R1 (5 urn),

Mobile phase 1 gIL solution of sodium dihydrogen phosphate R
adjusted to pH 3.0 with phospho";, add R, methanol Rl
(30:70 VIY).

FWw rate 1.5 mUmin.

Deteaion Spectrophotometer at 228 om.

Injection 25 J.lL of the test solutionand reference
solutions (a) and (b).

Run time 3 times the retention time of stanozolol.
Identification of impurities Use the chromatogram obtained
withreference solution (b) to identify the peakdue to
impurity B.
Relative retention With reference to stanozolol (retention
time =about 12 min): impurity B =about 1.3.

System SUiUlbility Reference solution (b):
- resolution: minimwn 4.0 between the peaks due to

stanozolol and impurity B.

L~m: 1

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cenr, determined on 1.000 g by drying at
105 DC at a pressure not exceeding0.7 kPa.
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PRODUCTION
Hydroxyethyl starches are produced from waxy maize starch
or potato starch by acidic hydrolysis and reaction with
ethylene oxide and purified by ultrafiltration.

CHARACTERS
Appearance
White or almost white powder.

Solublllty
Freely soluble in water and in dimethyl sulfoxide, practically
insoluble in anhydrous ethanol.

Hydroxyethyl starches are hygroscopic until they reach a
water content of about 12 per cent to 15 per cent.

IDENTIFICATION
First idenufication: A, C.

Secondidentification: H, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison medium Mw hydroxyethyl "arch CRS.
Results The spectrum obtained shows the same absorption
bands as the spectrum obtained with medium Mw
hydroxyethyl starch CRS. Due to the difference in the
substitution of the substance, the Intensity of some
absorption bands can vary.

B. To 5 mL of solution S (see Tests), add 0.1 mL of O. 05 M
iodine. A reddish-brown or blue-violet colour appears.

C. Molecular weight (see Tests).

TESTS
Solution S
Dissolve 5.0 g of the substance to be examined (dried
substance) in carbon dioxide-free waterR and dilute to
100.0 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1).

pH (2.2.3)
4.5 to 1.0.

To 25 mL of solution S, add 0.2 mL of a saturated solution
ofpotassium chloride R.

Absorbance (2.2.25)
Maximum 0.025, determined at 400 run on solution S
filtered through a 0.2 pm filter.

Molecular weight (Mw) and molecular weight
distribution
Size-exclusion chromatography (2.2.30).

Buffersolution Dissolve 5434 g of sodium acetate R in
waterR, add 100.0 mL ofglacial acetic acidR and dilute to
1000.0 mL with Waler R.
Test stock sdution Dissolve 2.0 g of the substance to be
examined (dried substance) in waterR and dilute to 50 mL
with the same solvent. Add 10.0 mL of the buffer solution
and dilute to 100.0 mL with waterR.
Reference solU/um (a) To prepare reference solution (a):
- if the nominal Mw of the substance to be examined is

below 300 000, use medium Mw hydroxyethyl starch CRS;
- if the nominal Mw of the substance to be examined is

above 300 000, use high Mw hydroxyethyl starch CRS.
Dissolve 0.4 g of medium Mw hydroxyethyf starch CRS or high
Mw hydroxyethyl "arch CRS in 10 mL of waterR.
Add 2.0 mL of the buffer solution and dilute to 20.0 mL
with waterR.

Reference solution (b) Dilute 10.0 mL oC reference
solution (a) to 20.0 mL with the mobile phase.

Hydroxyethyl Starches 11-997

Reference solution (c) Dilute 10.0 mL of reference
solution (b) to 20.0 mL with the mobile phase.

Reference solution (d) Dilute 10.0 mL of reference
solution (c) to 20.0 mL with the mobile phase.

Column:
- stationary phase: hydroxylated palymethaaylote gelR;
- 4 columns to be connected in series:

Length Internal dIameter Particle size Pore size
In~ Inmm In"", In om

0.30 7.' 17 > 100
0.30 7.' 11 100
0.30 75 10 20
0.30 75 10 12.5

Mobile phase Dilute 100.0 mL of the buffer solution to
1000 mL with waterlor chromarography R.
Flowrate 0.5-1.0 mUmin.

Detection Multiple-angle light scattering (MALS) detector
and refractometer maintained at a constant temperature,
connected in series.

Injection volume 50 JlL.
Determine the suitable working solution as follows: inject
reference solutions (a) and (b), the mean Mw determined
with reference solution (b) does not deviate by more than
3 per cent from the mean 1\-Iw determined with reference
solution (a). If the deviation meets the requirement, use
reference solution (a) to check the system suitability criterion.

If the deviation is higher, inject reference solution (c) and
determine the mean Mw. The mean Mw determined with
reference solution (c) does not deviate by more than
3 per cent from the mean Mw determined with reference
solution (b). If the deviation meets the requirement, use
reference solution (b) to check the system suitability
criterion.

If the deviation is higher, inject reference solution (d) and
determine the mean Mw. The mean Mw determined with
reference solution (d) does not deviate by more than
3 per cent from the mean Mw determined with reference
solution (c). If the deviation meets the requirement, use
reference solution (c) to check the system suitability criterion.

System suitability:
- meanMw: within 5 per cent of the value assigned to the

mediumMw hydroxyethyf starch CRS or highMw
hydroxyethyl starch CRS.

If necessary, dilute the test stock solution in order to have the
same concentration as that of the reference solution used to
check the system suitability.

Results Use a suitable integrator to determine the mean Mw
and the Mw of the lowest and highest 10 per cent mass
fraction.

Low.lf", MediumMw HighMw
2000 - 100 000 100 000 - 300 000 300 000 e 900 000

Derermlned Mw = nominal Mw ± 15 per cent

.\-!war 10 per cent
Mw at 10 per cent Mwat 10 per cent

lowest fraction
> 10 per cent of

lowest fmction lowest fraction

nominal.Y'w
> 15000 > l5000

Mwat JOper cent Mwat 10 per cent Mw at 10 per cent
highest: fraction highest fnlction highest fraction

< 300 per cent of < 300 per cent of < 500 per cent of
nominalMw nominallWw nominal "'lw
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Detection Flame ionisation.

Inieaion I ~L.

ldenlifican'on of peaks Use the chromatogram supplied with
medium Mw hydroxyeehy/ slarch CRS and the chromatogram
obtained with the reference solution to identify the peaks due
to derivatised product 1, derivatised product 2, derivatised
product 3, 2-Q-hydroxyethyl-«-o-glucose, 6-Q-hydroxyethyl­
e-n-glucose, 2-0-hydroxyethyl-ll-o-glucose and 6-Q­
hydroxyethyl-f-p-glucose.

System suitability Reference solution:
- resolution: minimum 1.5 between the peaks due to 2-0­

hydroxyethyl-B-p-glucose and 6-Q-hydroxyethyl-p-o­
glucose;

- symmetry[actor: 0.6 to 1.5 for the peak due to derivatised
product 1;

- repeatability: maximum relative standard deviation of
5.0 per cent for derivatised product I after 3 injections.

Calculate the C2IC6 ratio using the following expression:

Al +A, +A3 +A, +A5

A.+A7

C2/C6 ratio
Gas chromatography (2.2.28).

Solution A Mix equal volumes of dilute sulfuric add R and
waterR.

Test solution Introduce 0.18 g of the substance to be
examined into a 5 mL vial. Add 3.0 mL of solution A) cap,
seal the vial and shake until dissolution. Heat the vials for
4 h in a heating block already preheated to 100 ·C, shaking
them from time to time. Cool to room temperature, Open
the vial and carefully add 0.9 g of barium carbonate R. Shake
carefully and then centrifuge at about 9000 g for about
15 min. Test the clear supernatant for neutral pH with pH
paper. If the solution is still acid, add more barium
carbonate R in portions of 0.2 g until the solution is neutral.
Filter the clear supernatant (pore size 0.45 J.lD1). Introduce
0.5 mL of the filtrate into a autosampler vial and evaporate
to dryness at 40 °C (several hours are usually needed). Take
up the residue with 0.50 mL of pyridine R, 0.25 mL of N,O­
bis('rimelhy/silyQaC<lamide R and 25 ~L of
chlorotrimelhylsilane R. Seal the vial and heat to 40 ·C for 1 h
shaking from time to time. Cool to room temperature. Place
the vial into the autosampler and perform 3 injections from
each vial. Prepare in duplicate.

Reference solution Prepare as prescribed for the test solution
but using medium Mw hydroxyelhyl slarch CRS instead of the
substance to be examined.

Column:
- size: 1= 15 m, 0 =0.32 nun;
- slalionary phase: meehylpolysiJoxane R (film thickness

0.25~).

Carrier gas hydrogen for chromawgraphy R at a constant
pressure of 69 kPa.

Sp/itra,io 1:20.

Aj area of me peak due to denvatised product 3;
A" area of me peak due to 2-D-hydroxyemyl-<t:-o-glucosej
As area of the peak due [0 2-D-hydroxyemyl-jJ-o-g1ucose;
A 6 area of the peakdue to 6-D-hydroxycthyt--<t-o-g1uCQse;
A7 area of me peakdue to 6-D-hydroxyernyl-jJ-D-giucose.

Detection Flame ionisation.

Injection volume 1 J.tL; inject each solution twice.

Relative retention With reference to toluene (retention
time = about 7.5 min): iodoethane = about 0.5.

50

50 -+ 230

'30
200

2SO

Temperature
("C)

Time
(min)

0-'
4·16

16 - 20

Calculate the mean C2/C6 ratio from the values obtained
with the 2 test solutions.

The test is not valid unless the difference of the 2 values is
not more than 5 per cent.

Limit Within 20.0 per cent of the nominal value.

Molar substirution (MS)
Gas chromatography (2.2.28).

The content of hydroxyethyl groups is determined after
hydrolysis with hydriodic acid as iodoethane.

Internal standard solution Dilute 1.0 mL of toluene R to
200.0 mL with xylene R.
Test solution Introduce 50.0 mg of the substance to be
examined and about 0.10-0.15 g of adipic acidR in a 5 mL
vial. Add 1.0 mL of the internal standard solution and
2.0 mL of hydriodic acidR. Tightly seal and cap the vial with
a septum and an aluminium, centre tear-off seal. Prepare the
test solution 5 times.

Reference solutions In each of 1 vials of 5 mL, introduce
about 0.10-0./5 g of adipic acidR. To each vial add 1.0 mL
of the internal standard solution and 2.0 mL of hydn'odk
add R. Tightly seal and cap the vials with a septum and an
aluminium, centre [ear-off seal. Weigh the vials with an
accuracy of 0.0 I mg. Introduce respectively 10 mg, 20 mg,
30 mg, 40 mg, 50 mg, 60 mg and 10 mg of iodoethsme R
with a 100 ~ syringe piercing the septa carefully. Weigh the
vials again with an accuracy orO.OI mg and calculate the
exact amount of iodoethane R added.

Determine me mass of the vials to the nearest 1 mg. Place
the vials for 10 h into a heating block already preheated to
150°C. After cooling [0 room temperature, determine the
mass of each vial to the nearest 1 mg. Disregard any vial with
a loss in mass of more than 5 mg. From 4 vials of the test
solution and 5 of the reference solutions, take-up 100 J1L of
the upper layer. Introduce in an autosarnpler vial and dilute
with 1.0 mL of xylene R. Seal immediately the vials and
shortly shake.

Column:
- material: fused sllica,
- size: / = 30 m, 0 =0.53 rnm;
- stationary phase: cyatlopropyl(3)pheny/(3)methyl(94)

poIysiioxane R (film thickness 3 um),

Carrier gas helium for chromawgraphy R.

Flow rate 8 mIJmin.

Sp/li ratio 1:20.

Injection port

Detector

Column

150
150 -+ 270

'70

250

300

Temperature
("C)

Thne
(mln)

0- I

I - 25

25·28

Column

Injection port

Detector

AI area of the peak due to derivatised product I;
A2 area of me peak due to derivatsed product 2;
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System suitability Reference solutions:
- resolution: minimum 1.5 between the peaks due to

iodoethane and toluene;
- calculate the ratio of the area of the peak due to

iodoethane R to the area of me peakdue to the internal
standard for each chromatogram. Calculate the linear
regression curve plotting the ratios calculated for the
reference solutions against the quantity of iodoethane R
added (in milligrams). The coefficient of determination K­
is not less than 0.990.

Results Calculate the quantity (1) of iodoethane in
milligrams present in the test solution using the following
expression:

A-B
M

A ratio of me areaof the peakdue 10iodoechane to the area of
the peakdue 10me internal standard in thechromatogmrn
obtainedwith the test sotutionj

B y-inrercepr of the curVej
M slope of the curve.

Then calculate the percentage contentof ethylene oxide (C)
using the following expression:

44.05 x Tx 100
155.91 xm

In mass of the substance to beexamined, in milligrams;
44.05 molecular mass of ethyleneoxide.
155.97 molecular mass oriodoethane.

Then calculate theMS using the following expression:

Cx 162.14
(100 - C) x 44.05

162.14 molecular mass of anhydeogluccse:
44.05 molecular mass or ethylene oxide.

Calculate the meanMS from the values obtained with the 4
test solutions.
Limit 0.05 to 2.4, and within 8.0 per cent of the nominal
value.
Ethylene glycol
Liquid chromatography (2.2.29).

Test solution Dissolve 1.0 g of the substance to be examined
(dried substance) in waterR and dilute to 50.0 mL with the
same solvent.
Reference solution Dissolve 0.800 g of ethylene g/yaJ1 R in
waterR anddilute to 100.0 mL with me samesolvent. Dilute
2.0 mL of the solution 10 200.0 mL with water R. Dilute
2.0 mL of this solution to 200.0 mL with water R.
Precolumn:
- size: 1= 0.01 m, 0 = 4.0 nun;
- stationary phase: actad«y/siiyl silica gelfor chromatography

compatible Wlih 100 percentaqueous mobile phases R (5 urn).

Column:
- size: I = 0.25 IDJ 0 = 4.6 mID;
- stationary phase: actad«y/siiyl silica gelfor chromatography

compatible wi'h 100psr centaqueous mobile phases R (5 urn);
- temperature: 30 "C.

Mobile phase waterfor chromatography R.
Flow rate 1.0 mUmin.

Post-column solutWn Dilute 750 mL of 2 Al sodium
hydroxide R to 1000 mL with waterfor chromatography R.
Flow rateofpost-column solution 0.2 mUmin.

Hydroxyethyl Starches II-999

Detection Pulsed amperometric detector.
Injection 20 ~L.

Run time 2.5 times the retention time of ethylene glycol.
Retention time Ethylene glycol =. about 4 min.
System suitabl1ity Reference solution:
- signal-to-noise ratio: minimum 10 for the principal peak;
- rtpeatabilily: maximum relative standard deviation of

10.0 percent determined on 6 injections.
After a maximum of 8 sample injections, wash the column
using the following program.
Rinsing solution acetonitrile for chromatography R, waterfor
chromatography R (20:80 VIV).

Time MobUe phase Rinsing solution
(min) (per cent VIP) (per cent VM
0·15 7' 2'
15 - 20 75 ..... 0 25 ---> 100

20 - 25 0 100

25·30 0 ..... 100 100 ..... 0

30·100 100 0

Limit.
- ethylene glycol: not more than the area of the

corresponding peakin the chromatogram obtained with
the reference solution (40 ppm).

2-Chloroethanol
Gas chromatography (2.2.28).

Solventmixture methanol R, ac<lonitn'le R (25:15 VIV).

Internal standard solution Dissolve 0.250 g of
2,6-dimezhylanih'ne R in the solvent mixture and dilute to
50.0 mL with the solvent mixture. Dilute 0.5 mL of the
solution to 50.0 mL with the solvent mixture.
Test solution Introduce 1.0 g of the substance to be
examined into a 20 mL vial. Add 10.0 mL of the solvent
mixture. Close tightly. Treat in an ultrasonic bath for 3.5 h.
Allow to cool to room temperature. To 1.0 mL of this
solution add 0.8 mL of the internal standard solution.
Reference solution Dissolve 0.250 g of 2-chloroethanol R in the
solvent mixture and dilute to 50.0 mL with the solvent
mixture. Dilute 1.0 mL of the solution (0 100.0 mL with the
solvent mixture. Dilute 1.0 mL of this solution to 100.0 mL
with the solvent mixture. To 1.0 mL of thissolutionadd
0.8 mL of the internal standard solution.
Precolumn:
- material: fusedsilica;
- size: 1= 10 m, 0 = 0.53 mrn;
- stationary phase: polar-deaawaud macrogol R.
Column:
- miueriai: fusedsilica;
- size: 1= 30 m, 0 = 0.32 mrn;
- stationary phase: macrogol 20 000 R (film thickness

0.25 urn).

Cam... gas hydrogen for chromatography R.

Flow rate 2.9 mlJmin.

Split program:

Time SpHt state SpIlt ratio
(min)

initial on 1:20

0.01 off 1:20

0.50 on 1:20
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II-lOOO Hydroxyethyl Starches

Temperature:

2022

Temperature:

Column

Injection port

Detector

Time
(min)

0-4

4 - 23.5

23.5 - 28.5

Temperature
('C)

45

45 ..... 240

240

250

270

Column

Injection port

Detector

Time
(min)

0-20

20 - 30

30 - 40

Temperature
('C)

40

40 --> 240

240

140

250

Detection Flameionisation.
Injeaion I ~L.

System suitability Reference solution:
- signal-to-noise ratio: minimum 10 for thepeakdue to

2-cWoroethanol;
- repeatabl1ity: maximum relative standard deviation of

10.0 per cent after 6 injections.
Limit:
- 2-thloroethanol: calculate the ratio (R) of the area of the

peakdue to 2-ehloroethanol to the area of the peakdue
to me Internal standard from the chromatogram obtained
with the reference solution; calculate the ratio of the area
of the peakdue to 2-chloroethanol to the area of the peak
due to the internal standard from the chromatogram
obtained with the test solution: this ratio is not greater
than R (5 ppm).

Ethylene oxide
Head-space gas chromatography (2.2.28).

Test solution Dissolve 1.0 g of the substance to be examined
in 1.0 mL of water R. Close the vial tightly. Prepare in
duplicate.

Reference swck solution Introduce 80 mL of water R in a
100 mL volumetric flask. Cool at about 4 °C for at least
30 min. Place the flask on an analytical balance and slowly
introduce 1.0 g of ethylene oxitk R. Determine the precise
quantity of ethylene oxide by differential weighing. Dilute to
100.0 mL with waterR. Storein therefrigerator and use
within 4 weeks.

Reference solUlion (a) Dilute 1.0 mL of the reference stock
solution to 100.0 mL with water R. Dilute 1.0 mL of this
solution to 100.0 mL with water R. Use within 24 b.

Reference solution (b) Dissolve 1.0 g of the substance to be
examined in 1.0 mL of reference solution (a). Close the vial
tightly. Prepare in duplicate.

Column:
- material: quartz;
- size: 1= 30 m, 0 = 0.32 m.rn;
- stationary phase: cya/WjJro[JJl/(3)pheny/(3)muhy/(94)

poIysiloxane R (film thickness 1.5 urn).

Carner gas helium for chromatography R at a pressure of
110.3 kPa.

Split ratio 1:35.
Static head-space conditions which may be used:
- equiJibrau'on temperature: 80 °C.i
- equilibration lime: 40 min;
- transfer-line temperature: 150°C;
- pressurisation time: 2.0 min;
- injeu;on time: 3 s.

Daeaion Flameionisation.
lnjecu"on Inject a suitable volume of the gaseous phase of
the test solution and reference solution (b).

System suitability:
- signal-so-noise ratio: minimum 10 for the peak due £0

ethylene oxide in the chromatogram obtained with
reference solution (b).

Limit:
- ethylene oxide: not more than0.5 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (b) (I ppm).

SorUum chloride
Maximwn 0.1 per cent.
Testsolution In a 250 mL conical flask, dissolve 10.0 g of
the substance to be examined in 100 mL of waterR.
Add 2 mL of diluu nitric acidRand 5.0 mL of a 9 gIL
solutionof sodium chloride R.
Referena solution In a 250 mL conical flask, dilute 5.0 mL
of a 9 gIL solution of sodium chloride R with 100 mL of
waterR. Add 2 mL of dilute nim'c acidR.
Carry out a potentiometric titration (2.2.20) with 0.1 M silver
nitrate. Calculate the percentage content of sodiwn chloride
using the following expression:

<n, - n,) x 5.844 x 100

m

nr volumeof 0.1 M silvernit1'r:lU used fOr the test solution. in
millilitreSj

nz votwne of 0.1 M silvernirrol4 used forthe reference solution. in
milliliuesj

m massof me substance to beexaminedin the tesesolution.in
milligrams.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.000 g by drying at
105 "C.

Bacterial endotoxlns (2.6.14)
Less than 25 lU/g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.11).

LABELLING
The label states-the mean molecular weight, molar
substitution and C2IC6 ratio (nominalvalues).
_____________________ "'E<I

www.webofpharma.com



PhE" _

DEFINITION
Hydroxypropyl starch is a partially substituted
2-hydroxypropylether of Maize starch (0344), Potato starch
(0355), cassava starch, Rice starch (0349) or Pea starch (2403)
chemically modified by etherification with the reagent
propylene oxide. In addition) this starch may he partially
hydrolysed using acids or enzymes to ohtain 'thinned starch'
with reduced viscosity.

Content
- hydroxypropyl groups: 0.5 per cent to 7.0 per cent.

PRODUCTION
The production of hydroxypropyl starch shan be in
compliance with the requirements of the European legislation
for food additives.

Mixing of starches from different botanical sources prior to
chemicalmodification is not allowed.

CHARACTERS
Appearance
White or slightly yellowish powder.

Solubility
Practically insoluble in cold water and in ethanol
(96 per cent).

IDENTIFICATION
A. Examined under a microscope, using not less than
20 x magnification and using a mixture of equal volumes of
glycerol R and waterR, it appears as follows according to the
botanical source stated on the label.

- klaize-basedhydroxypropyl search: it presents either
angular polyhedral granules of irregular sizes with
diameters of about 2-23 urn or rounded or spheroidal
granules of irregular sizes with diameters of about
25-35 urn; the central hilum consists of a distinct
cavity or 2-to-5-rayed cleft and there are no concentric
striations; between orthogonally orientated polarising
plates or prisms, the starch granules show a distinct
black cross intersecting at the hilum.

- Potato-based hydroxypropyl starch: it presents granules,
either irregularly shaped, ovoid or pear-shaped, usually
30-100 urn in size but occasionally exceeding 100 urn,
or rounded, 10-35 um in size; there are occasional
compound granules having 2-4 components; the ovoid
and pear-shaped granules have an eccentric hilum and
the rounded granules a centric or slightly eccentric
hilum; all granules show clearly visible concentric
striations; between orthogonally orientated polarising
plates or prisms, the starch granules show a distinct
black cross intersecting at the hilum.

- Cassava-based hydroxypropyl starch: it presents spherical
granules with one truncated side, typically 5-35 um in
diameter and having a circular or several-rayed central
cleft; some granules may also be egg-shaped or cap­
shaped; the hilum is centric, sometimes slightly
fissured; between orthogonally orientated polarising
plates or prisms, the starch granules show a distinct
black cross intersecting at me hilum.

- Rice-based hydroxypropyl starch: it presents polyhedral,
simple granules 1-10 pm, mostly 4-6 um, in size; these
simple granules often gather in ellipsoidal, compound

2022

Hydroxypropyl Starch
(Ph. Eur. monograph 2165)

**** ** ** ****
9049-76-7

Hydroxypropyl Starch II-lOOl

granules 50-100 11m in diameter; the granules have a
poorly visible central hilum and there are no
concentric striations; between orthogonally orientated
polarising plates or prisms, the starch granules show a
distinct black cross intersecting at the hilum.

- Pea-based hydroxypropyl starch: it presents a majority of
large elliptical granules, 25-45 IJm in size, sometimes
irregular or reniform; it also presents a minority of
small rounded granules, 5-8 J.lm in size; granules can
present cracks or irregularities; sometimes, granules
show barely visible concentric striations; exceptionally,
granules show a slit along the main axis; between
orthogonally orientated polarising plates or prisms, the
starch granules show a distinct black cross.

E. Suspend 1 g in 50 mL of waterR, boil for 1 min and cool.
A translucent or clear mucilage is formed.

C. To 1 mL of the mucilage obtained in identification test B
add 0.05 mL of Wine ,oIutwn RI. An orange-red or dark
blue colour is produced, which disappears on heating.

D. Introduce 0.1 g into a 100 mL volumetric flask and add
12.5 mL of d17ule $ulfun·c acidR. Place the flask in a water­
bath and heat until the sample is dissolved. Cool and dilute
to J00 mL with waterR. Introduce 1 mL of this solution into
a 25 mL graduated test-tube with glass stopper and, with the
tube immersed in cold water, add dropwise 8 mL of sulfuric
acidR. Mix well and place the rube in a water-bath for
exactly 3 min. Immediately transfer the tube to an ice-bath
until the solution is chilled. Add 0.6 mL of ninhydrin
solutWn R2, carefully allowing the reagent to run down the
walls of the test-tube. Immediately shake well, and place the
rube in a water-bath at 25°C for 100 min. Dilute to 25 mL
with suifuri<: acidR and mix by inverting the tube several
times. Do not shake. A violet colour develops within 5 min.

TESTS
pH (2.2.3)
4.5 to 8.0.

Shake 5.0 g with 25.0 mL of carbon dioxide-free water R for
60 s. Allow to stand for 15 min.

Foreign matter
Examined under a microscope using a mixture of equal
volumes ofglycerol R and water R, not more than traces of
matter other than starch granules are present.

Oxidising substances (2.5.30)
Maximum 20 ppm, calculated as H202 •

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
- For hydcoxypropyl starch obtained from maize, potato,

cassava or rice: maximum 20 ppm.

Shake 1.0 g with 20 mL of dilute hydrochloric acidR. Filter.
The filtrate complies with the test for iron.
- For hydroxypropyl starch obtained from pea: maximum

50 ppm.

Shake 1.0 g with 50 mL of dilute hydrochloric acid R. Filter.
The filtrate complies with the test for iron.

Loss on drying
(2.2.32) determined on 1.000 g by drying in an oven at
130°C for 90 min:
- maximum 15.0 per cent for hydroxypropyl starch

obtained from maize, cassava, rice or pea;
- maximum 20.0 per cent for hydroxypropyl starch

obtained from potato.
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3 numerical value representing the 3 methyl groups in the internal
standard;

Al area of the methyl groups in the internal standard;
A 2 area of the methyl groups ofhydroxypropyl;
P percentage content of J.mmerltylsilyl-l-proponesulfcmic acid

sodium saltCRS;

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance en tenon 10' CFU/g (2.6.12).

TYMC: acceptance criterion 10' CFU/g (2.6.12).

Absence of Escherichia eeli (2.6.13).

Absence of SalmoneDa (2.6.13).

ASSAY
Nuclear magnetic resonance spectrometry (2.2.33).

Internal srandard solution Disperse 50.0 mg of 3-trimethylsilyl­
l-propanesulfonic acidsodium saltCRS in about 5 g of
deuterium oxide Rl, weighed to the nearest 0.1 mg. Store in a
sealed bottle.

Test solution Disperse 20 g of me substance to be examined
in 200.0 mL of carbon dioxide-free waterR at room
temperature. Agitate for 15 min and filter. Repeat the
operation twice. Ifproblems of poor dispersibiliry or slow
filtration are encountered, use cooled carbon dioxide-free
water R for the washing operation. Dry the washed starch for
at least 4 h in an oven in vacuoat30 ± 5 °C. Determine the
moisture content (W) on 5 g of this washed and dried
sample using the test for loss on drying. Weigh 12.0 mg
(dried substance) of the washed and dried sample in a 5 rom
NMR tube. Add 0.1 mL of deuterium chloride solution Rand
0.75 mL of deuterium oxide RI. Cap the tube, mix, and place
it in a water-bath until a clear solution is obtained (3 min to
1 h maximum). When a clear solution is obtained, allow to
cool to room temperature. Dry the exterior of the tube and
weigh to the nearest 0.1 mg. Add 0.05 mL of the internal
standard solution and weigh to the nearest 0.1 mg.
Determine the mass of the internal standard solution
introduced. Mix thoroughly.

Apparatus FT-NMR spectrometer at minimwn 300 MHz.

Acquisition of JH NMR spectra The following parameters
may be used:
- weep width: 8 ppm (-1.0 to + 7 ppm);
- irradiation frequency offser. nonej
- lime domain: 64 K at least;
- pulse width: 90°;
- pulse delay: lOs;
- dummy scans: OJ
- number of scans: 8.

Use the CH3 signal of the internal standard for shift
referencing. The shift of the singlet is set to 0 ppm.

Record the Fill signal.

Call the integration sub-routine after phase corrections and
baseline correction between -0.5 ppm and + 6 ppm.

Measure the peak areas of the doublet from the methyl
groups of the hydroxypropyl function at + 1.2 ppm (A,), and
of the methyl groups at 0 ppm of the internal standard (A r)
without 13C-sateUites.

Results Measure me signal coming from the 3 protons of
the methyl group in the hydroxypropyl function; calculate the
hydroxypropyl groups content as a percentage mlm (dried
substance) 'using the following expression:

3A, P
--x-x
A, 100

Wj x m, 100 100
x59x - x

218 m 100 - W

WI mass fraction of the internal standard in the internal standard
solution, in milligrams per gram;

ml mass of the internal standard solution in the NMR tube, in
grams;

21B molar mass of me Internal standard, in grams per mole;
59 molar mass of the hydroxypropyl group, in grams per mole;
m mass of the washed and dried sample in the NMR tube, in

milligrams;
W moisture content, as a percentage mtm.

LABELLING
The label states the botanical source of the starch and the
type of modification.
_____________________ PhE<I

Pregelatinised Hydroxypropyl
Starch
(Ph. Eur. monograph 2645)
PhE<I _

DEFINITION
Pregelatinised hyd.roxypropyl starch is prepared from Starch,
hydroxypropy/ (2165) by mechanical processing in the
presence of water, with or without heat, to rupture all or part
of the starch granules, and subsequent drying.

Content
- hydroxypropyl groups: 0.5 per cent to 7.0 per cent.

PRODUCTION
The production of pregelatinised hydroxypropyl starch shall
be in compliance with the requirements of the European
legislation for food additives.

CHARACIERS
Appearance
White or slightly yellowish powder.

IDENTIFICATION
A. It swells in cold water.

B. Disperse 0.5 g in 2 mL of waterR, without heating, and
add 0.05 mL of iodine solution Rl. A reddish-violet or
greyish-blue colour is produced.

C. To 0.1 g add 12.5 mL of dilute sulfuric acid R. Heat in a
water-bath until the sample is dissolved. Cool and dilute to
100 mL with waterR. Introduce 1 mL of the solution into a
25 mL graduated test-tube with a ground-glass stopper and,
with the tube immersed in cold water, add dropwise 8 mL of
su/fun'c add R. Mix well and place the tube in a water-bath
for exactly 3 min. Immediately transfer the tube to an ice­
bath until the solution is chilled. Add 0.6 mL of ninhydrin
solution R2, carefully allowing the reagent to run down the
walls of the test-tube. Irrunediately shake well, and place the
tube in a water-bath at 25°C for 100 min. Dilute to 25 mL
with sulfurU: acidR and mix by inverting the tube several
times. Do not shake. A violet colour develops within 5 min.

TESTS
pH (2.2.3)
4.5 to 8.0.

Progressively add 3.0 g to 100.0 mL of carbon dioxide-free
waterR, stirring continuously. Determine the pH when a
homogeneous solution is obtained.

Impurity A
Gas cbromatography (2.2.28).
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Internalstandard solution .1\1ix 50.0 mg of propane-l,3-diol R
with anhydrous pyn"dine R and dilute to 100.0 mL with the
same solvent.

Testsolution To 0.200 g of the substance to be examined
add 1.0 mL of the internal standard solution and 9.0 mL of
anhydrous pyridine R. Heat undera reflux condenser for
20 min. Allow to cool. Transfer 1.0 mL of this solution [0 a
2 mL vial with a screw cap fittedwith a septum. Add 0.1 mL
of ehlorotn'methylsi/ane R and 0.2 mL of
hexamethyldisilasone R. Close and mix. Allow to stand for
15 min.

Reference solution Mix 50.0 mg of propane-I,1;!iol Rand
50.0 mg of propykneg(ycol CRS (impurity A) with onhydrous
pyridineR and dilute to 100.0 mL with the same solvent.
Transfer 0.1 mL oCthe solution to a 2 mL vial with a Screw
cap fitted with a septum. Add 0.1 mL of
chlorotrimethylsilane R, 0.2 mL of hexamethyldisilazane Rand
0.9 mL of anhydrous pyridineR. Close and mix. Allow to
stand for 15 min.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 mm;
- stationary phase: methylpolysiloxane R (film thickness

0.25.1"")'
NOTE: the columnmust be desorbed regularly. Conditiom:
temperature program of 70"C ta 100 "C at a rateof 7 "Ctmin:
i.Waintainfor 10 min at 300 °C.
Carrier gas hehumfor chromatography R.

Flow rate 3 mllrnin.
Sp/ilratio 1:30.

Temperature:
- column: 70°C;
- injection port and detector. 250 "C.

Detection Flame ionisation.
Jnjuui", I ~L.

Relative retention With reference to the trimethylsilyl
derivative of propane-1,3-dlol (retention time =about
8.5 min): trimethylsilyl derivative of propylene
glycol = about 0.7.

System suirobility Reference solution:
- resolution: minimwn 5.0 betweenthe peaksdue to the

trimethylsilyl derivative of propylene glycol and the
trimethylsilyl derivative of propane-1,3-diol.

Calculation ofpercentage contents Use the internal standard
method.
Limit,
- impuriry A: maximum 0.1 per cent.

Oxidising substances (2.5.10)
Maximum 20 ppm, calculated as H20 2.

Use a mixture of equal vplwnes of methanol R and waterR as
solvent.

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
- For prege1atinised hydroxypropyl starch obtained from

maize,potato, cassava or rice: maximum 20 ppm.
Dissolve the residue obtained in the test for sulfated ash in
20 mL of dilute hydrochlori< acid R and filter. The filtrate
complieswith the test for iron.
- For pregelatinised hydroxypropyl starch obtained from

pea: maximum 50 ppm.

Hydroxypropyl Starch II-I003

Dissolve the residue obtained in the test for sulfated ash in
50 mL of dilute hydrochloric acid R and filler. The filtrate
complies with the test for iron.

Loss on drying
(2.2.12) determined on 1.000 g by drying in an oven at
130 "C for 90 min:
- maximum 15.0 per cent for pregelatinised hydroxypropyl

starch obtainedfrommaize,cassava, rice or pea;
- maximum 20.0 per cent for pregelatinised hydroxypropyl

starch obtainedfrom potato.

Sulfated ash (2.4.14)
Maximwn0.6 per cent} determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli(2.6.11).

Absence of Salmonella (2.6.11).

ASSAY
Nuclearmagnetic resonance spectrometry (2.2.33}.

Internal standard solution Disperse 50.0 mg of 1-lrimethyhilyl­
1.propanesu{fonic acid sodium salt CRS in about 5 g of
deuterium oxide Rt, weighed to the nearest 0.1 mg. Storein a
sealedbottle.
Testsolution Dry 5.000 g of the substance to be examined at
130"C for 90 min. Weigh 12.0 mg of the dried substance in
a 5 mm NMR tube. Add 0.1 mL of deuterium chloride
solution Rand 0.75 mL of deuterium oxide RI. Cap the tube,
mix, and place it in a water-bath until a clearsolutionis
obtained (3 min to maximum I h). When a clear solution is
obtained, aUow to cool to room temperature. Dry the exterior
of the tube and weigh to the nearest 0.1 mg. Add 0.05 mL
of the internal standard solutionand weigh to the nearest
0.1 mg. Determine the massof the internal standard solution
introduced. Mix thoroughly.

Apparatus Fr-NMR spectrometer operating at minimum
300 MHz.
Acquisition of JH NMR spectra The following parameters
may be used:
- sweep width: 8 ppm (-1.0 to + 7 ppm);
- irradiation frequency offser. none;
- time domain: at least 64 Kj
- pulse width: 90";
- pulsedelay: lOs;
- dummy scam: OJ
- number of scans: 8.
Use the CH3 signal of the internal standard for shift
referencing. The shift of the singlet is set to 0 ppm.
Record the FlO signal.

Call the integration sub-routine after phasecorrections and
baseline correction between-0.5 ppm and + 6 ppm.
Measure the 'peak areas of the doublet from the methyl
groups of the hydroxypropyl function at + 1.2 ppm (A,,), and
of the methyl groups at 0 ppm of the internal standard (AI)
without 13C-sateUites.
Results Measure the signal comingfrom the 3 protons of
the methyl group in the hydroxypropyl function; calculate the
percentage content of hydroxypropyl groups using the
following expression:

3A 2 x~ X WI xml x59x 100
Al 100 218 m

3 numerical valuerepresenting the 3 methyl groupsin the
internal S(J1J1dard;
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II I area of the methyl groups in the internal standard;
A2 area of the methyl groups of hydroxypropyl;
P percentage content of 3-minethylsilyl-l-propanesulfanic acid

sodium salE CRS;
W; mass fraction of the Internal standard in the internal standard

solution, in milligrams per gram;
"'1 mass of me internal standard solution in the NMR tube. in

grams,
218 molar mass of the internal STandard, in grams per mole;
59 molar mass of the hydroxypropyl group, in grams per mole;
m mass ofr:he substance to be examined in the NMR tube, in

milligrams.

LABELLING
The label states the botanical source of the starch and the
type of modification.

IMPURITIES

H OH
~OH and enanliomer

H,C

A. (2R5)-propane-I,2-diol (propylene glycol).
_____________________ PIlE"

Maize Starch1

(ph. Eur. monograph 0344)

Action and use
Excipient.
When Starch is specified and the type is not indicated, Maize
Starch, Potato Starch, Rice Starch, Wheat Starch or, in
tropical countries where these are not available) Tapioca
Starch may be supplied or used.

PIlE" _

DEFINITION
Maize starch is obtained from the caryopsis of Zea maysL.

tCHARACTERS
Appearance
Matt) white to slightly yellowish) very fine powder that creaks
when pressed between the fingers.

Solubility
Practically insoluble in cold water and in ethanol
(96 per cent).

The presence of granules with cracks or irregularities on the
edge is exceptional.e

IDENTIFICATION
A. i\oiicroscopic examination (2.8.23» using a
50 per cent VIV solution ofglycerol R. It appears as either
angular polyhedral granules of irregular sizes with diameters
ranging from about 2 prn to about 23 J.lID or as rounded or
spheroidal granules of irregular sizes with diameters ranging
from about 25 urn to about 35 IlIl1 (Figure 0344.-1).
The central hilwn consists of a distinct cavity or 2- to
5-rayed cleft and there are no concentric striations. Between
orthogonally orientated polarising plates or prisms) the starch
granules show a distinct black cross intersecting at the hilum.

I This monograph has undergcme pharmacopoeial harmonisation.
See.:hapter 5.8 Pharmacopoeial hannonisation.

2022

Figure 0344.-1. - Illustration for identification testA of maize
starch

B. Suspend 1 g in 50 mL of waterR, boil for 1 min and cool.
A thin, cloudy mucilage is formed.

C. To 1 mL of the mucilage obtained in identification test B
add 0.05 mL of iodine solution Rl, An orange-red to dark
blue colour is produced, which disappears on heating.

TESTS
pH (2.2.3)
4.0 to 7.0.
To 5.0 g add 25.0 mL of carbon dioxide-free water R. Agitate
continuously at a moderate rate for 60 s. Stop me agitation
and allow [0 stand for 15 min.

OForeign matter
Examined under a microscope using a 50 per cent VIV
solution of glycerol R) not more than traces of maner other
than starch granules are present. No starch grains of any
other origin are present.O

Oxidising substances (2.5.30)
Maximwn 20 ppm, calculated as HzOz.
Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
Maximum 10 ppm.

Shake 1.5 g with 15 mL of dilute hydrochloric acidR. Filter.
The filtrate complies with the test.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.000 g by drying in
an oven at 130 °0 for 90 min.

Sulfated ash (2.4.14)
Maximwn 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 10' CFU/g (2.6.12).

Absence of Escherichia coli(2.6.13).

OAbsenceof Salmonella (2.6.13).0
_____________________ PIIE"
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PhE<r _

Figure 2403.-1. - Illustration for identification ,m A of PM
starch

DEFINITION
Pea starch is obtained from the seeds of Pisum satiuum L.

**** ** ** ****
Potato Starch1

(Ph. Eur. monograph 0355)

Action and use
Excipient.

When Starch is specified and the type is not indicated, Maize
Starch, Potato Starch, Rice Starch, Wheat Starch or, in
tropical countries where these are not available, Tapioca
Starch may be supplied or used.

PhE<r _

___________________ PhE<r

Oxidising substances (2.5.30)
Maximum 20 ppm, calculated as H 20 2•

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
Maximum 50 ppm.

Shake 1.0 g with 50 mL of dilutehydrochfori< acid R. Filter.
The filtrate complies with the test for iron.

Loss on drying (2.2.32)
Maximum 16.0 per cent, determined on 1.000 g by drying in
an oven at 130 DC for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamInation
TAMC: acceptance crirerion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli(2.6.13).

Absence of Salmonella (2.6.13).

DEFINITION
Potato starch is obtained from the tuber of So/anum
luberosum L.

tCHARACTERS
Appearance
Very fine, white or almost white powder which creaks when
pressed between the fingers.

Solubility
Practically insoluble in cold water and in ethanol
(96 per cent).

Potato starch does not contain starch grains of any other
origin. It may contain a minute quantity, if any, of tissue
fragments of the original plant.•

IDENTIFICATION
A. Microscopic examination (2.8.23) using a 50 per cent VIV
solution of glycero/ R. It presents granules, either irregularly
shaped, ovoid or pear-shaped, usually 30-100 um in size bur
occasionally exceeding 100 11m, or rounded, 10-35 pm in
size. There are occasional compound granules having 2-4
components (Figure 0355.-1). The ovoid and pear-shaped
granules have an eccentric hilum and the rounded granules
acentric or slightly eccentric hilum. All granules show clearly
visible concentric striations. Between orthogonally orientated
polarising plates or prisms, the granules show a distinct black
cross intersecting at the hilum.

I This mOtWgmph hasundngone pharmacopoeial hannonisation.
See chapter 5.8 Pharmacopoeial harmonisation.

(ph. Eur. monograph 2403)

Pea Starch

CHARACTERS
Appearance
White or almost white, very fine powder.

Solubility
Practically insoluble in cold water and in ethanol
(96 per cent).

IDENTIFICATION
A. Microscopic examination (2.8.23) using a 50 per cent VIV
solution of glycerol R. It presents a majority of large elliptical
granules, 25-45 ~m in size, sometimes irregular, or reniform.
It also presents a minority of small rounded granules, 5-8 prn
in size (Figure 2403.-1). Granules can present cracks or
irregularities. Sometimes, granules show barely visible
concentric striations. Exceptionally, granules show a slit along
the main axis. Between orthogonally oriented polarising
plates or prisms, the granules show a distinct black cross.

B. Suspend 1 g in 50 mL of waterR, boil for 1,min and cool.
A thin, cloudy mucilage is formed.

C. To 1 mL of the mucilage obtained in identification test B,
add 0.05 mL of iodine solution RJ. A dark blue colour is
produced, which disappears on heating.

TESTS
pH (2.2.3)
5.0 ro 8.0.

Shake 5.0 g with 25.0 mL of carbon dioxide-free water R for
60 s. Allow to stand for 15 min and shake again.

Foreign matter
Examined under a microscope using a 50 per cent VJV
solution of glycerol R, not more than traces of matter other
than starch granules are present. No starch granules of any
other origin are present.

www.webofpharma.com
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25 11m
I

Figure 0355.-1. - Rlustration for identification tes, A of potato
starch

B. Suspend 1 g in 50 mL of waterR, boil for 1 min and cool.
A thick, opalescent mucilage is formed.
C. To I mL of the mucilage obtained in identification test B,
add 0.05 mL of iodine solution Rl, An orange-red to dark
blue colour is producedwhich disappears on heating.

TESTS
pH (2.2.3)
5.0 to 8.0.

Shake 5.0 g with 25.0 mL of carbon dioxide-free waterR for
60 s. Allow to stand for 15 min.

OForeign matter
Examined under a microscope using a 50 per cent VIV
solution of glycerol R, not more thantraces of matter other
than starch granules arepresent. No starch grains of any
other origin are presenr.c
Oxidising substances (2.5.30)
Maximum 20 ppm, calculated as H202 •

Sulfur dioxide (2.5.29)
Maximum 50 ppm.
Iron (2.4.9)
Maximum 10 ppm.

2022

Shake 1.5 g with 15 mL of dilute hydrochloric acidR. Filter.
The filtrate complies with the limit test for iron.

Loss on drying (2.2.32)
Maximum 20.0 per cent) determined on 1.000 g by drying in
an oven at 130 DC for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 10' CFU/g (2.6.12).

Ahsence of Escherichia coli(2.6.13).

OAhsence of Salmonella (2.6.13).0
_________~ PhE'"

Pregelatinised Starch
Prege1atinised Maize Starch
(Ph. Bur. monograph 1267)

When Pregelatinised Starch is prepared Zea mays, the title
Pregelatinised Maize Starch may be used.
PhE'" _

DEFINITION
Prege1atinised starch is prepared from Maize starch (0344),
Potato starch (0355) or Ria starch (0349) hy mechanical
processing in the presenceof water, with or without heat, to
rupture all or part of the starch granules, and subsequent
drying. It contains no added substances but it may be
modified to renderit compressible and to improve its flow
characteristics.

CHARACTERS
Appearance
White or yellowish-white powder.
It swells in cold water.

IDENTIFICATION
A. Examined under a microscopeusing a mixture of equal
volumes ofglycerol R and water R it presents irregular,
translucent, white or yellowish-white flakes or pieces with an
unevensurface. Under polarised light (betweencrossed nieol
prisms), starch granules with a distinctblackcross
intersecting at the hilum may be seen.
B. Disperse0.5 g in 2 mL of water R withoutheating and
add 0.05 mL of iodine solution Rl, A reddish-violet or hlue
colour is produced.

TESTS
pH (2.2.3)
4.5 to 7.0.

Progressively add ,3.0 g to 100.0 mL of carbon dioxide-free
water R, stirring continuously. Determine the pH when a
homogeneoussolution is obtained.

Oxidising substances (2.5.3!J)
It complieswith the test for oxidisingsubstances. Use a
mixture of equal volumes of methanol R and water R as
solvent.

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
Maximum 20 ppm.

www.webofpharma.com
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Dissolve the residue obtained in the test for sulfated ash in
20 mL of dilute hydrochloric acid R. Filter. The filtrate
complies with the test.

Foreign matter
Examined under a microscope using a mixture of equal
volumes of glycerol R and water R, not more than traces of
matter other man starch granules are present.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.000 g by drying in
an oven at 130 °C for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 10' CFU/g (2.6.12).

Absence of Escherichia coli(2.6.13).

Absence of Salmonella (2.6.13).

LABELLING
The label states the type of starch used as starting material.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infomlalion on characteristics that are
recognised as being relevant control parameters for oneor more
functions, of the substance when usedas an excipient (seechapter
5.15). Some of the characteristics described in the Functionality­
related characteristics section may also be present in the mandatory
partof the monograph sincethey also represent mandatoryquality
criteria. In such cases, a cross-reference to the tests described in the
mandatorypart is included in the Functionality-related
characteristics section. Cotltrol of the characteristics can contribute
ro the qualityof a medicinal product by improving the consistency
of the manufacturing process and theperfonnance ofthe medicinal
product duringuse. W'here control methods arecitedJ they are
recognised as beingsuitable for thepurpose, but othermethods can
alsobe used. Wherever results for a particular characteristic are
reponed, the centro! methodmust be indicated.
Thefollowing characteristics may be relevant for pregelau·nised
starch usedasfiller, binder or disintegrant in tablets and in hard
capsules.

Cold-water-soIubIe matter
Transfer 100 mL of water R at 25 ± 1 °C into a beaker and
add 1.000-3.000 g of the substance to be examined while
stirring. Continue to stir for 10 min. Transfer 35 mL of the
dispersion to a centrifuge tube and centrifuge at 3000 g for
15 min. Transfer 25 mL of the supernatant to a crucible that
has previously been dried in an oven at 120 ± 2 °C for 4 h
and weighed to the nearest 0.1 mg. Evaporate to dryness on
a water-bath) then place the crucible in an oven at
120 ± 2°C for 4 h. Allow to cool in a desiccator. Weigh the
crucible to the nearest 0.1 mg again.

Determine the percentage of cold-water-soluble matter using
the following expression:

(B-A) x Wx 100
Sx I~OOC

Rice Starch1

(ph. Eur. monograph 0349)

Action and use
Excipiem.

When Starch is specified and the type is not indicated, Maize
Starch, Potato Starch) Rice Starch, Wheat Starch or, in
tropical countries where these are not available, Tapioca
Starch may be supplied or used.

PhEu _

DEFINITION
Rice starch is obtained from the caryopsis of Oryza Saliva L.

.CHARACTERS
Appearance
Very fine, white or almost wbite powder) which creaks when
pressed between the fingers.

Solubility
Practically insoluble in cold water and in ethanol
(96 per cent).

Rice starch does not contain starch grains of any other origin.
It may contain traces of, if any, fragments of the endosperm
tissue of the fruit .•

IDENTIFICATION
A. Microscopic examination (2.8.23) using a 50 per cent VIV
solution of glycerol R. It presents polyhedral, simple grains
1-10 urn (mostly 4-6~) in size (Figure 0349.-1). These
simple grains often gather in ellipsoidal, compound grains
50-100 urn in diameter. The grains have a poorly visible
central hilum and there are no concentric striations. Between
orthogonally orientated polarising plates or prisms) the starch
grains show a distinct black cross intersecting at the hilum.

A
B
C
S

initial crucible mass, in grams;
final crucible mass, in grams;
loss on drying, in per cent;
sample mass, in grams.

Figure 0349.-\. - Illustration for identification testA of rice
starch

B. Suspend 1 g in 50 mL of waterR) boil for 1 min and cool.
A thin) doudy mucilage is formed.

Particle-size distribution (2.9.31 or 2.9.38)

Powder 1I0w (2.9.36)
_____________________ Ph Em 1 This monograph has undergone pharma«JPOeia/ harmonisation.

See chapter 5.8 Phannawpoeial harmonisation:
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**** ** ** ****
Wheat Starch1

(ph. Eur. monograph 0359)

Action and use
Excipient.

When Starch is specified and the type is not indicated, Maize
Starch, Potato Starch, Rice Starch] Wheat Starch or, in
tropical countries where these are not available, Tapioca
Starch may be supplied or used.

C. lvlix 0.05 mL of iodine solution Rl with 1 mL of the
mucilage obtained in test B. A dark blue colour is produced
which disappears on heating and reappears on cooling.

TESTS
Acidity
Add 10 g of the starch to 100 mL of ethanol (70%)
previously neutralised to 0.5 mL of phenolphthalein solution,
shake for 1 hour, filter and titrate 50 mL of the filtrate with
O.lM sodium hydroxide VS. Not more than 2.0 mL is required
to change the colour of the solution.

Foreign matter
Not more than traces of cell membranes and protoplasm are
present.

Loss on drying
When dried to constant weight at 100° to 105°, loses not
more than 15.0% of its weight. Use 1 g.

Sulfated ash
Not more than 0.6%, Appendix IX A, Method II. Use 1 g.

Microbial contamination
1.0 g is free from Escherichia coli, Appendix XVI B I.

STORAGE
Tapioca Starch should be kept in an airtight container.

_____________________ PhE<I

C. To I mL of the mucilage obtained in identification test B
add 0.05 mL of iodine solution RI. An orange-red to dark
blue colour is produced, which disappears on heating.

TESTS
pH (2.2.3)
5.0 to 8.0.

Shake 5.0 g with 25.0 mL of carbon dioxide-free waterR for
60 s. Allow to stand for 15 min.

tForeign matter
Examined under a microscope using a 50 per cent VIV
solution of glycerol R, not more than traces of matter other
than starch granules are present. No starch grains of any
other origin are present.•

Oxidising suhstances (2.5. 31J)
Maximum 20 ppm, calculated as HzO z.
Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
Maximum 10 ppm.

Shake 1.5 g with 15 mL of dilure hydrochlari< acidR. Filter.
The filtrate complies with the test.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.00 g by drying in
an oven at 130°C for 90 min.

Sulfated ash (2.4.14)
Maximum 0.6 per cent, determined on 1.0 g.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

OAbsence of Salmonella (2.6.13).0

Tapioca Starch
Cassava Starch

Action and use
Excipient.

When Starch is specified and the type is not indicated, Maize
Starch, Potato Starch, Rice Starch, Wheat Starch or, in
tropical and sub-tropical countries where these are not
available, Tapioca Starch may be supplied or used.

DEFINIllON
Tapioca Starch is obtained from the rhizomes of Manihol
utilissima Pohl.

CHARACTERISTICS
Very fine powder which creaks when pressed between the
fingers.

Practically insoluble in cold waterand in ethanol (96%).

IDENTIFICATION
A. Principally simple granules, subspherical, muller-shaped or
rounded polyhedral; smaller granules 5 to 10 ).tID, larger
granules 20 to 35 ).tID in diameter; hilum, central, punctate,
linear or triradiate; striations, faint, concentric; compound
granules, few, of two to three unequal components.

B. Heat to boiling a suspension of 1 g in 50 mL of water for
1 minute and cool. A thin, cloudy mucilage is fanned.

PhE<I _

DEFINITION
Wheat starch is obtained from the caryopsis of Triticum
aestiuum L. (T. vulgare Vill.).

OPRODUCTION
The gluten content is monitored and stated on the label.c

.CHARACTERS
Appearance
Very fine, white or almost white powder that creaks when
pressed between the fingers.

Solubility
Practically insoluble in cold water and in ethanol
(96 per cent).

Wheal starch does not contain starch granules of any other
origin. It may contain a minute quantity, if any, of tissue
fragments of the original plant.e

IDENTIFICATION
A. Microscopic examination (2.8.23) using a 50 per cent VIV
solution of glycerol R. It shows large and small granules, and,
very rarely, intermediate sizes (Figure 0359.-1). The large
granules, 10-60 urn in diameter, are discoid or, more rarely,
reniform in surface view. The central hilum and striations are
invisible or barely visible and the granules sometimes show
cracks on the edges. In side view, the granules are elliptical

I This monograph has undergone pharmacopoeial hannonisatj()tJ.,
See chapter 5.8 PhannaccpoeiaI harmonisation.
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3056-17-5224.2

___________________ P»E..

Oxidising substances (2.5.30)
Maximum 20 ppm, calculated as H 20 2 .

Sulfur dioxide (2.5.29)
Maximum 50 ppm.

Iron (2.4.9)
Maximum 10 ppm.

Shake 1.5 g with 15 mL of dilute hydrochloric acid R. Filter.
The filtrate complies with the test.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.000 g by drying in
an oven at 130°C for 90 min.

Sulfated ash (2.4.14)
Maxinuun 0.6 per cent, determined on 1.0 g.

MicrobIal contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).

TYMC: acceptance criterion 102 CFU/g (2.6.12).

Absence of Escherichia roli (2.6.13).

OAbsence of Salmonella (2.6.13).0

OLABELLING
The label states the gluten conrent.c

0.03503(n, - n2)
m

solution is obtained. Cool, dissolve me solid material by
cautiously adding 25 mL of waterR to the mixture, cool
again and place in a steam-distillation apparatus. Add a
suitable volwne of strong sodium hydroxide solution R to
change the colour of the solution from bluish-green to brown
or black, and distil immediately by passing steam through the
mixture. Collect about 40 mL of distillate in 50.0 mL of
0.01 M hydrochloric acid, adding enough waterR if necessary
to cover the tip of the condenser. Towards the end of the
distillation, lower the receiver so that the tip of the condenser
is above the surface of the acid. Take precautions to prevent
any water on Ihe outer surface of the condenser from
reaching the contents of the receiver. Titrate the distillate
with 0.025 M sodium hydroxide (n, mL), using methyl red
mixed solution R as indicator.

Repeat the test adding 3.0 g (m g) of the substance to be
examined to the combustion flask, and using the same
volume of strong sodium hydroxide solution R. Titrate the
distillate as described for the blank determination with
0.025 M sodium hydroxide (n2 mL). Calculate the percentage
content of nitrogen using the following expression:

(ph. Eur. monograph 2130)

Stavudine

Action and use
Nucleoside reverse transciptase inhibitor; antiviral (IDV).

Figure 0359.-1. - R1ustration for identification testA of wheat
starch

B. Suspend I g in 50 mL of waterR, boil for 1 min and cool.
A thin, cloudy mucilage is formed,

C. To 1 mL of the mucilage obtained in identification test B
add 0.05 mL of iodine solution Rl. A dark blue colour is
produced, which disappears on heating.

TESTS
pH (2.2.3)
4.5 to 7.0.

Shake 5.0 g with 25.0 mL of carbon dioxide-fre< waterR for
60 s. Allow to stand for 15 min.

OForeJgn matter
Examined under a microscope using a 50 per cent VIV
solution of glycerol R, not more than traces of matter other
than starch granules are present. No starch granules of any
other origin are present.o

Total protein
Maximwn 0.3 per cent (corresponding to 0.048 per cent of
nitrogen).

Determine me nitrogen content by sulfuric acid digestion as
follows, and calculate the quantity of protem by multiplying
by 6.25.

Carry out a blank detennination by placing 4 g of a
powdered mixture of 100 g of dipotassium sulfate R, 3 g of
copper sulfate pentahydrate Rand 3 g of titanium dioxide R, and
3 glass beads in a combustion flask. Wash any adhering
particles from the neck into the flask with 25 mL of sulfuric
add R, allowing it to run down the sides of Ute flask, and
swirl to mix the contents. Close the mouth of the flask
loosely, for example by means of a glass bulb with a short
stem, to avoid excessive loss of sulfuric acid. Heat gradually
at first, then increase the temperature until there is vigorous
boiling with.condensation of sulfuric acid in the neck of the
flask; take precautions to prevent the upper part of me flask
from becoming overheated. Continue heating until a clear

WOOOO~
<:b

080 S:So 00 0

. OffiQ) 0
0

00 °0 ou.E') 0

25IJrn

and fusiform and the hilum appears as a slit along the main
axis. The small granules, rounded or polyhedral, are 2-10 urn
in diameter. Between orthogonally orientated polarising
plates or prisms, the granules show a distinct black cross
intersecting at the hilum.
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DEFINITION
1-(2,3-Dideoxy-!l-D-g(ycer<>-pent-2-enofuranosyl)-5­
methylpyrimidine-2,4(IH,3H)-dione.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Soluble in water, sparingly soluble in ethanol (96 per cent),
slightly soluble in methylene chloride.
It shows polymorphism (5.9).

IDENTIFICATION
A. Specific optical rotation (2.2.7): -45.9 to -39.5
(anhydrous substance).

Dissolve 0.100 g in waterR and dilute to 10.0 mL with the
same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison stauudine CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in anhydrous ethanol R, evaporate to dryness and
record new spectra using the residues.

TESTS
Related substances
liquid chromatography (2.2.29). Prepare the ,o/mions
immediately be/ore useor store them at 2-8 °C until use.
Testsolution Dissolve 25.0 mg of the substance to be
examined in water R and dilute to 50.0 mL with the same
solvent.
Reference solution (a) Dilute 0.5 mL of the test solution to
100.0 mL with waterR.

Reference sohuion (b) Dilute 20.0 mL of reference
solution (a) to 100.0 mL with waterR.
Reference ,o/ution (c) Dissolve 5 mg of stavudine for ':JI,tem
suitabaity CRS (containing impurities A, B, C, E and G) in
waterR and dilute to 10.0 mL with the same solvent.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactiuated end-capped octaduylsib~

silica gelfor chromatography R (5 pm).

Mobil< phase:
- mobile phaseA: mix35 volwnes of acetonitrile for

chromatography Rand 965 volumes of a 0.77 gIL solution
of ammonium acetate R;

- mobile phaseB: mix 250 volwnes of acetonitrile for
chromawgraphy Rand 750 volumes of a 0.77 gIL solution
of ammonium lUetate Rj

Time MobUe phase A Mobile phase B
(min) (per cent VIV) (percent V/JI)

O· 10 100 0

10 ~ 20 100 -i 0 o -i 100

20 - 30 0 100

FbJw rau 2.0 mllmin.

Detection Spectrophotometer at 254 run.

Injection 10 ~L.

Identification of impurities Use the chromatogram supplied
withsunmdine for system suitability CRS and the

2022

chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B, C, E and G.
Relativeretention With reference to stavudine (retention
time = about 10 min): impurity A = about 0.3;
impurity B = about 0.50; impurity C =about 0.53;
impurity E = about 1.1; impurity G = about 1.9.

System suitability Reference solution (c):
- peah-to-oolley ratio: minimum 1.5, where Hp = height

above the baselineof the peakdue to impurity C and
Hf} = height above the baseline of the lowestpoint of the
curve separating thispeak from the peakdue to
impurity B; minimum 1.5, where Hp = heightabove the
baselineof the peakdue to impurity E andHo =height
above the baseline of the lowest point of the curve
separating this peak from the peakdue to stavudine.

Calculation of percentage contents:
- correction factor: multiply the peakarea of impurity A by

0.7;
- for impurity A, use the concentration of stavudine in

reference solution (a);
- for impurities other thanA, use the concentration of

stavudine in reference solution (b).
Limits:
- impurity A: maximum 0.5 per cent;
- impuniy G: maximum 0.2 per cent;
- unspecified impurities: for each impurity) maximum

0.10 per cent;
- total: maximwn 1.0 per cent;
- reporting threshold: 0.05 per cent.

Impurity I
Liquid chromatography (2.2.29). Prepare the soiudons
immediately before use or store them at 2_8°C untiluse.

Testsolution Dissolve 50.0 mg of the substance to be
examined in the mobilephase and dilute [0 50.0 mL with
the mobile phase.
Reference solution (a) Dissolve 2 mg of stavudme
impurity I CRS in the mobile phase and dilute to 50.0 mL
with the mobile phase. Dilute J.O mLof the solution to
~O.O mL with the mobile phase.

Reference 'olution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Column:
- size: I = 0.25 m, 0 = 4.6 mID;
- stationary phase: end-copped octylsi(yl silica gelfor

chromatography R (5 urn).

Mobile phase Mix 30 volwnes of acetonitrile for
chromatography Rand 70 volumes of a 1.15 gIL solution of
ammonium dihydrogen phosphate R previously adjusted to
pH 6.8 with triethylamine R.

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 266 run.

Injection 20 ~L.

Run time 7 times the retention time of stavudine.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peakdue to

impurity I.
Relative retention With reference to stavudine (retention
time =about 3 min): impurity I =about 6.0.

System suitabr1ity Reference solution (b):
- signal-to-noise ratio: minimum 40 for the principal peak.
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Calculation of percentage content:
- correction factor. multiply the peak area of impurity J by

1.7j
- for impurity I, use the concentration of stavudine in

reference solution (b).

Limit:
- impurity I: maximum 0.15 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfated ash (2.4. 14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29). Prepare the sdutions
immediately before useor store them at 2-8 °C until use.
Test solution Dissolve 10.0 mg of the substance £0 be
examined in waterR and dilute [0 100.0 mL with me same
solvent. Dilute 10.0 mL of the solution to 50.0 mL with
roater R.
Reference solution (aJ Dissolve 10.0 mg of sunmdine CRS in
waterR and dilute to 100.0 mL with the same solvent. Dilute
10.0 mL of the solution to 50.0 mL with waterR.
Reference solution (b) Dissolve 5 mg of thymine R
(impurity A) and 7.5 mg of 'hymidine R (impurity C) in
waterR and dilute to 100.0 mL with the same solvent. Dilute
10.0 mL of the solution to 50.0 mL with waterR.
Column:
- size: I ;;;; 0.033 rn, Q) = 4.0 mrn;
- stationary phase: base-deactivated end-capped ocuul«.ylsilyl

silica gelfor chromatography R (3 urn).

Mobile phase Mix 5 volumes of acetonitrile for
chromarography Rand 95 volumes of a 0.77 gIL solution of
ammonium aaUate R.
Flow rate 0.7 mIJmin.

Detection Specrrophotometer at 254 nm.

Injection 25 ~L.

Run time Twice me retention time of stavudine.

Identification of imptmues Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A and C.

Relative retention With reference to stavudine (retention
time = about 4 min): impurity A = about 0.4;
impurity C =about 0.6.

System suitability;
- resolution: minimum 3.5 between the peaks due to

impurities A and C in the chromatogram obtained with
reference solution (b);

- symmetry factor. maximum 1.6 for the peak due to
stavudine in the chromatogram obtained with reference
solution (a).

Calculate the percentage content of C IOH12N20" using the
chromatograms obtained with the test solution and reference
solution (a) and taking into account the assigned content of
smoudine CRS.

STORAGE
Protected from light and humidity.

IMPURITIES
Specified impurities A, G, 1.

Other detectable impurities (,he following substances eould, if
present at a sufficient level, bedetected by om or other of the tests
in themonograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by the general

Stavudine II-lOll

monograph Substances for pharmaceutical use (2034). It is
therefore not necessary w identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) B, C, D, E, F, H.

A. 5-methylpyrimidine-2,4(IH,3H)-dione (thymine),

o
~CH,

HN,)

HOI:~7
~

B. 1-(2-deoxy-~-[}-,hreo-pentofuranosyl)-5-methylpyrimidine­
2,4(lH,3H)-dione (3'-epithymidine),

o

~
CH'

HN IH00
OH

C. 1-(2-deoxy-~[}-erythll>-pentofuranosyl)-5­

methylpyrimidine-2,4(IH,3H)-dione (thymidine),

D. 1-[(2R)-5-oxo-2,5-dihydrofuran-2-yl]-5-methylpyrimidine­
2,4(lH,3H)-dione)

E. 1-(2,3-dideoxy-~-D-g!ycell>-pent-2-enofuranosyl)-5­

methylpyrimidine-2,4(IH,3H)-dione (stavudine
anomer a),

F. 1-(3,5-anhydro-2-deoXY-~-D-threo-pentofuranosyl)-5­

methylpyrimidine-2,4(IH,3H)-dione,
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II-IOI2 Stearic Acid

G. 1-[2-deoxy-5-0-[[(2S,5R)-5-[5-methyl-2,4-<iioxo-3,4­
dihydropyrimidine-I (2H)-yl)-2,5-dihydrofuran-2-yl]
methyl)+D-thre<>-pentofuranosyl)-5-methyIpyrimidine-2,4
(lH,3H)-dione,

H. 1-[2-deoxy-5-0-( I-rnerhylethylj-B.D-thre<>-pentofuranosyl]­
5-methylpyrimidine-2,4(IH,3H)-<iione,

o
~CH,

"" HN,.)

~o\S1
I. 1-(5-0-benzoyl-2,3-dideoXY-ll-o-g!Ycero-pent-2­

enofuranosyl)-5-methylpyrimidine-2,4(IH,3H)-dione.

2022

.CHARACfERS
Appearance
White or almost white, waxy, flaky crystals, white or almost
white hard masses, or white or yellowish-white powder.

Solubility
Practically insoluble in water) soluble in ethanol (96 per cent)
and in light petroleum (bp: 50-70 "C) .•

IDENTIFICATION
A. Freezing point (see Tests).

B. Acid value (2.5.1): 194 to 212, determined on 0.5 g.

C. Examine the chromatograms obtained in the assay.

Results The principal peaks in the chromatogram obtained
with the test solution are similar in retention time to those in
the chromatogram obtained with the reference solution.

TESTS
OAppearance
Heat the substance to be examined to about 75 °C.
The resulting liquid is not more intensely coloured than
reference solution Y7 or BY7 (2.2.2, Method1).0

Acidity
Melt 5.0 g, shake for 2 min with 10 mL of hot carbon
dioxide-free waterR, cool slowly and filter. To the filtrate add
0.05 mL of methylorange solution R. No red colour develops.

Iodine value (2.5.4)
See Table 1474.-1.

Freezing point (2.2.18)
See Table 1474.-1.

Table 1474.-1.

____________________ PhE"

Stearic Acid1

Type

Stearic acid 50

Stearic acid 70

Stearic add 95

Iodlne value

maximum 4.0

maximum 4.0

maximum 1.5

Freezing point
('C)

53·59

57 - 64

64 - 69

(ph. Eur. monograph 1474)

Action and use
Excipient.

PhE" _

DEFINITION
Mixture consisting mainly of stearic (octadecanoic) acid
(C 18H,.02; M, 284.5) and palmitic (hexadecanoic) acid
(C,,;H3202; M, 256.4) obtained from fats or oils of vegetable
or animal origin.

Content

Stearic acid 50 Srean'c add: 40.0 pee cent to 60.0 per cent.
Slim of the amfenLI oj Stearn: and palmitie acils:minimum
90.0 per cent.

Stearic add 70 Suari, add: 60.0 per cent to 80.0 per cent.
Sum of lireCQ1l/e1lts of sUtm"c and palmitic acils:minimum
90.0 per cent.

Stearic acid 95 Stearic aaa: minimum 90.0 per cent.
Sum of the CbJllents 0/ srearic andpalmitic acids: minimum
96.0 per cent.

1 This monograph hasundergone pharmaropoeial harmonisation:
See chapter 5.8 PhamtaaJpoe;al hannonisatWn.

ASSAY
Gas chromatography (2.2.28): use the normalisation
procedure.

Test solution In a conical flask fitted with a reflux condenser,
dissolve 0.100 g of the substance to be examined in 5 mL of
boron lI1jluoride-methanoi solution R. Boil under reflux for
10 min. Add 4.0 mL of heptane R through the condenser and
boil again under reflux for 10 min. Allow to cool.
Add 20 mL of a saturated solution of sodium chloride R.
Shake and allow the layers to separate. Remove about 2 mL
of the organic layer and dry it over 0.2 g of anhydrous sodium
sulfate R. Dilute 1.0 mL of this solution to 10.0 mL with
heptane R.
Reference solution Prepare the reference solution in the same
manner as the test solution using 50 mg of palmitic acidCRS
and 50 mg of stearic acid CRS instead of the substance to be
examined.

Column:
- maurial: fused silica;
- size: 1= 30 01, 0 =0.32 rnm;
- stationary phase: macrogo/ 20 000 R (film thickness

0.5 pm).

Carrier gas helium for chromatography R.
Flow rate 2.4 mUmin.
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Phf<l _

~ Phf<l

CHARACTERS
Appearance
Pale yellow waxy solid.

Solubility
Dispersible in warm water and in warm liquid paraffin, freely
soluble in methylene chloride, soluble in warm anhydrous
ethanol.

using macrogol, or by esterification of glycerol and macrogol
with saturated fatty acids, or by mixing glycerol esters and
condensates of ethylene oxide with the fatty acids of these
hydrogenated oils.

The hydroxyl value is within 15 units of the nominal value.
The saponification value is within 10 units of the nominal
value.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 1.0 g of the substance to be examined
in methylene chloride R and dilute to 20 mL with me same
solvent.

Plate TLC silica gelplateR.
Mobile phase hexane R, ether R (30:70 VfII).

Applicatwn 10 pL.

Development Over a path of 15 em.
Drying In air.

Detection Spray with a 0.1 gIL solution of rhodamine B R in
ethanol (96 per cent) R and examine in ultraviolet light at
365 run.
Results The chromatogram shows a spot due to trigLycerides
with an RFvalue of about 0.9 (Rsr I) and spots due to
1,3-diglycerides (R" 0.7), 10 1,2-diglycerides (R" 0.6), to
monoglycerides (Rs1 0.1) and to esters of macrogol (Rs1 0).

B. Hydroxyl value (see Tests).

C. Saponification value (see Tests).

D. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 2.0) determined on 2.0 g.

Hydroxyl value (2.5.3, MethodA)
Within 15 units of the nominal value, determined on 1.0 g.

Peroxide value (2.5.5, MethodA)
Maximum 6.0, determined on 2.0 g.

Saponification value (2.5.6)
Within 10 units of the nominal value, determined on 2.0 g.

Alkaline impurities
Introduce 5.0 g into a test-tube and carefully add a mixture)
neutralised if necessary with 0.01 M hydrochlotic add or with
0.01 M sodium hydroxide, of 0.05 mL of a 0.4 gIL solution of
bromophenol blueR in ethanol (96 per cent) R, 0.3 mL of
waterRand 10 mL of ethanol (96 per cent) R. Shake and
allow to stand. Not more than 1.0 mL of 0.01 M hydrochloric
acid is required to change the colour of the upper layer to
yellow.

Free glycerol
Maximum 3.0 per cent.

Dissolve 1.20 g in 25.0 mL of methylene chloride R. Heat if
necessary. After cooling, add 100 mL of water R. Shake and
add 25.0 mL of period;'; acetic acidsolution R. Shake and allow
to stand for 30 min. Add 40 mL of a 75 gIL solution of
potassium iodide R. Allow to stand for 1 min. Add 1 mL of
starch solution R. Titrate the iodine with 0.1 M sodium
thiosulfate. Carry out a blank titration.

7•

70 ..... 240

24.
22.

260

Temperature
CCl

Time
(min)

• - 2

2 - 36

36 - 41

Temperature:

Column

Injection port

Detector

Detection Flame ionisation.

Injection 1 J.lL.
Relative retention Wlm reference to methyl stearate: methyl
palmitate = about 0.9.

System suitability Reference solution:
- resolution: minimum 5.0 between the peaks due to methyl

palmitate and methyl stearate;
- repeatability: maximum relative standard deviation of

3.0 per cent for the areas of the peaks due to methyl
palmitate and methyl stearate, determined on 6 injections;
maximum 1.0 per cent for the ratio of the areas of the
peaks due to methyl palmitate to the areas of the peaks
due to methyl stearate, determined on 6 injections.

LABELLING
The label stales the type of stearic acid (50, 70, 95).

OFUNCTIONALITY-RELATED CHARACTERISTICS
This seaton provides information on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Some of the charaiteristics described in the Functionality­
relaudcharacteristics section may also bepresent in themandawry
part of the monograph since they also represent mandatory quality
criteria. In such cases, a cross-reference 10 the tests desm·bed in the
mandatory part is included in the Functionality-related
characteristics section. Control of the charaaetistics can contribute
10 the qualit;y of a medicinal produce by imptmnng the consistency
of the manufacturing process and the performance of tire medicinal
product during use. W'hm control methods arecited, they are
recognised as being suitable for thepurpose, but other methods can
also be used. W'herever results for a particular characteristic are
reported, the control methodmust. be indicated.
Thefollowing characteristics may berelevant for stearic add used
as a lubricant in tablets and capsules.

Particle-size distribution (2.9.31)

Specific surface area
(2.9.26, Method/)0.

Stearoyl Macrogolglycerides
(ph. Bur. monograph 1268)

Acdon and use
Excipient.

DEFINITION
Mixtures of monoesters, diesters and triesters of glycerol and
monoesters and diesters of macrogols with a mean relative
molecular mass between 300 and 4000.

They are obtained by partial alcoholysis of saturated oils
containing mainly trigiycerides of stearic (octadecanoic) acid,
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II-IOI4 Stearyl Alcohol

1 rnLof 0.1 M sodium thiosuljare is equivalent to 2.3 mg of
glycerol.

Composition of fatty acids
Gas chromatography (2.4.22, Method A).

Composition of the[auy-acid fraction of the substance:
- lauric add: maximum 5.0 per cent;
- myristic acid: maximum 5.0 per cent;
- stearic acidandpalmitic acid: different nominal amounts

and minimum 90.0 per cent for the sum of ClsH3602
and C16H3202'

Ethylene oxide and dioxan (2.4.25)
Maximum I ppm of ethylene oxide and maximum IO ppm
of dioxan.

Water (2.5.1Z)
Maximum 1.0 per cent. determined on 1.00 g. Use a mixture
of 30 volumes of anhydrous methanol Rand 70 volumes of
methylene chloride R as solvent.

Total ash (2.4.16)
Maximum 0.2 per cent.

LABELLING
The label stares:
- the nominal hydroxyl value;
- the nominal saponification value;
- the type of the macrogol used (mean relative molecular

mass) or the numberof moles of ethylene oxide reacted
per mole of substance (nominal value).

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on charaaerissics that are
recognised as being relevant qmtrolparameters for one or more
functions of the substance when used as an excipient (see chapter
5.15). Some of the characteristics described in the FunClwnality­
related characteristics section may also be present in themandatory
part of the monograph since theyalsorepresent mandatory quality
cntetia. In such cases, a cross-reference 10 the tests described in the
mandatory pan is included in theFunctionality-related
characteristics section" Control of thecharaaetiuia catl contribute
to the qualityof a medicinal product by improving the consistency
of the manuftuUtring process and the performance of the medicinal
product during use. Where control methods are cited, they are
recognised as being suitable for thepurpose, but other methods can
alsobe used. Wherever results for a particular characteristic are
reported, the control methodmust be indicated.

The following characteristics may be relevant for stearoyl
maavgolglycerides used as self-emulsifying agents, solubilisers,
modified-release agents and welting agents.

Hydroxyl value
(see Tests).

Saponification value
(see Tests).

Composition of fatty acids
(see Tests).
____________________ ""E"

2022

Stearyl Alcohol
(ph. Eur. monograph 0753)

Action and use
Excipient"

""E" _
DEFINITION
Mixture of solid alcohols) mainly octadecan-f-ol (C1sH3SOj

kIr 270.5» of animalor vegetable origin"

Content
Minimum 95.0 per cent of Cu,li,.O.

CHARACTERS
Appearance
White or almost white, unctuous flakes) granules or mass.

Solubility
Practically insoluble in water) solublein ethanol
(96 per cent). When melted, it is miscible withfatty oils,
with liquid paraffin and with melted wool fat.

IDENTIFICATION
Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtained with reference
solution (b).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
thanreference solution B6 (2.2.2, Method If).

Dissolve 0.50 g in 20 mL of boiling ethanol (96 per cent) R.
Allow to cool.

Melling point (2.2.14)
57 -c to 60 'C.

Acid value (2.5.1)
Maximum 1.0.

Hydroxyl value (2.5.3, MethodA)
197 to 217.

Iodine value (2.5.4, Method A)
Maximum 2.0.
Dissolve 2.00 g in methylene chloride R)warming if necessary
and dilute to 25 mL with the same solvent.

Saponification value (2.5.6)
Maximum 2.0.

ASSAY
Gas chromatography (2.2.28): use the nonnaJisation
procedure.
Test solution Dissolve 0.100 g of the substance to be
examined in ethanol (96 percenO R and dilute to 10.0 mL
with the same solvent.
Reference solution (a) Dissolve 50 mg of cetyl alwhol R in
ethanol (96 percenlj R and dilute to 10 mL with the same
solvent.
Reference solution (b) Dissolve 50 mg of stearyl olcohol CRS
in ethanol (96 percent) R and diluteto 5 mL with the same
solvent.
Reference solution (c) Mix I mL of reference solution (a)
and I mL of reference solution (b) and dilute to 10 mL with
ethanol (96 percenlj R.

Column:
- size: I ::: 30 m, 0 ::: 0.32 rom)
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PIlE" _

_____________________ PIlE"

~ stationary phase: melhy/po/ysiloxane R (l um).

Carrier gas helium for chromatography R.
Flow rate 1 mUmin.

Spli, raeW 1:100.

Temperature:

Streptolysin
In a polystyrene tube, use a quantity of the preparation to be
examined equivalent to 500 000 IV of streptokinase activity
and dilute to 0.5 mL with a mixture of I volwne ofphosphate
buffer solution pH 7.2 R and 9 volwnes of a 9 gIL solution of
sodium chloride R. Add 0.4 mL of a 23 gIL solution of sodium
thioglycoUate R. Heat in a water-bath at 37°C for 10 min.
Add 0.1 mL of a solution of a reference preparation of
human antistreptolysin 0 containing 5 IU/mL. Heat at 37°C
for 5 min. Add I mL of rabbit erythrocyte suspension R. Heat
at 37°C for 30 min. Centrifuge at ahout 1000 g. In the same
manner, preparea polystyrene tube in which the solution of
the preparation to be examinedhas been replaced by 0.5 mL
of a mixture of I volwne of pho,phate buffer sohuion pH 7.2 R
and 9 volwnes of a 9 gIL solution of sodium chioride R.
Measure me absorbances (2.2.25) of the supernatant liquids

containing 125 000 ill of streptokinase activity per millilitre.
Allow the plates to stand in a humidified tankfor 24 h. Only
one precipitation arc appears and it is well defined.

TESTS
pH (2.2.3)
6.8 to 7.5.

Dilute the preparation to be examined in carbon dioxide-free
waterR to obtain a solution containingat least 1000000 ill
of streptokinase activity per milliJitre.

Streptodornase
Maximwn 10 IU of streptodornase activity per 100 000 IU
of streptokinase activity.
Testsolution Dilute me preparation to be examined in
imidazole buffer solution pH 6.5 R to obtain a solution
containing 150 000 IV of streptokinase activity per millilitre.
Reference solution Dissolve in imidazole buffer solutUm
pH 6.5 R a referencepreparation of streptodornase,
calibrated In International Units against the International
Standardof streptodornase, to obtain a solution containing
20 ill of streptodornase activity per millilitre.
The equivalence in International Units of the International
Standard is stated by the World Health Organization.

To each of 8 numbered centrifuge rubes, add 0.5 mL of a
1 gIL solution of sodium deoxyribonudeeue R in imidazole buffer
solution pH 6.5 R. To tube number 1 and tube number 2 add
0.25 mL of imidazole buffer sdutionpH 6.5 R, 0.25 mL of the
test solution and, immediately, 3.0 mL of perchJoric acid
(25 gIL HCIO.). Mix, centrifuge at about 3000 g for 5 min
and measure the absorbances (2.2.25) of me supernatant
liquids at 260 nrn, using as the compensationliquid a
mixture of 1.0 mL of imidazole buffer ,oIueWn pH 6.5 R and
3.0 mL of perchloric acid (25 gIL HCIO.) (absorbanees Al
and A2 ) . To the other 6 tubes (numbers 3 to 8) add
0.25 mL, 0.25 mL, 0.125 mL, 0.125 mL, 0 mL and 0 mL
respectively of imidazole bufftr solution pH 6.5 R; add to each
tube 0.25 mL of the test solution and 0 mL, 0 mL,
0.125 mL, 0.125 mL, 0.25 mL and 0.25 mL respectively of
the referencesolution. .Mix me contents of each tube and
heat at 37°C for 15 min. To each tube add 3.0 mL of
perchlorie acid (25 gIL HClO.), mix and centrifuge. Measure
the absorbanees (2.2.25) of the supernatant liquids at
260 om using the compensation liquiddescribedabove
(absorbances A3 to As). The absorbances comply with the
following requirement:

**** ** ** ****

150 -.. 250

250

250

250

Temperature
CC)

Time
(min)

0-20

20 ~ 40

Column

Injection port

Detector

Streptokinase Concentrated
Solution
Streptokinase Bulk Solution
(ph. Bur. monograph 035.6)

Action and use
Plasminogen activator; fibrinolytic.

Preparation
Streptokinase Injection

Detection Flame ionisation.
Inieaion 1 f.tL of the test solution and reference
solutions (b) and (c).

Systemsuitability Reference solution (c);
- resolution: minimum 5.0 between the peaks due to cetyl

alcohol and stearyl alcohol.

Calculate the percentage content of C1sH3SO.

DEFINITION
Streptokinase concentrated solution is a preparation of a
protem obtained from culture filtrates of certain strains of
haemolytic Streptococcus group C; it has the property of
combining with human plasminogento form plasminogen
activator. It may contain buffersalts and other excipients.
The potency is not less than 510 IV per microgram of
nitrogen.

CHARACfERS
Appearance
Clear, colourless liquid.

IDENllFICATION
A. Place 0.5 mL of citratedhuman plasma in a polystyrene
tube maintained in a water-bath at 37°C. Add 0.1 mL of a
dilution of the preparation to be examined containing
10 000 IU of streptokinase activity per millilitre in phosphate
buffer solution pH 7.2 Rand 0.1 mL of a solution of human
thrombin R containing 20 IU/mL in pho,phate buffer ,oIution
pH 7.2 R. Mix immediately. A clot forms and lyses within
30 min. Repeat the procedure using citrated bovineplasma.
The clot does not lyse within 60 min.

B. Perform an immunochemical test using double
immunodiffusion techniques (2.7.1). Place in the central
cavity about 80 ul, of goat or rabbit antistreptokinase serum
containing about 10 000 units of antistreptokinase activity
per millilitre; place in each of the surrounding cavities about
80 IJL of a dilution of the preparation to be examined
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at 550 nm. The absorbance of the test solution is not more
than 50 per cent greater than that of the reference solution.

Related substances
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dilute the preparation to be examined with
waterR to obtain a concentration of about 0.5-1 g.IL,
depending on the chromatographic system used.

Reference solution Dilute 1 volume of streptokinase for sysrem
suilabiliry CRS with 49 volumes of water R.
Column:
- size: 1= 0.10 rn, 0 ;;;: 4.6 mm;
- stationary phase: sryrene.<Jivinylbenzene copolymer R (I0 urn)

with a pore size of 200 run;
- temperature: 25 'C.
Mobile phase:
- mobile phaseA: trifluoroacet£c acidR, waterfor

chromaUigraphy R (1:1000 VIII); degas;
- mobile phaseB: trifluoroacetic add R, acetonitrile for

chromaUigraphy R (1:1000 VIII); degas;

Tim. MobUe phase A MobUe phase B
(min) (per cent VIJ? (per cent I'm
0-1 68 32

1-4 68 -+ 52 32 ---> 48

4-5 52 48

5 - 7 0 100

7 - 10 68 32

The above conditionsmay.be modified to improve the
separation efficiency of the chromatographic system.

Flowrate 5 mlJrnin.
Detection Spectrophotometer at 280 run.
llfiection 20 ~L.

Retenticn time: streptokiaase « 2.3 min to 2.8 min.
Systemsuitability Reference solution:
- symmetry factor: maximum 1.9 for the peak due 10

streptokinase;
- peak-to-'fJalley ratio: minimum 2, where Hp ;;;; height above

the baseline of the 1It peak eluting after the principal peak
and HI) ;;;; height above the baseline of the lowest point of
the curve separating this peak from the 2nd peak eluting
after the principal peak;

- the chromatogram obtained with the reference solution is
similar to the chromatogram supplied with streptokinase for
system suilability CRS.

Limit:
- total: maximum 5 per cent.

Bacterial endotoxin. (2.6.14)
Less than 0.02 IV per 100 IV of streptokinaseaetiviry, if
intended for use without a further appropriate procedure for
the removal of bacterial endotoxins.

ASSAY
Nitrogen (2.5.9)

Potency
The potency of streptokinase is determined by comparing its
capacity to activate plasminogen to form plasmin with the
same capacity of a reference preparation of streptokinase
calibrated in International Units; the formation of plasmin is
determined using a suitable chromogenic substrate.

The International Unit is the activity of a stated amount of
the International Standard for streptokinase. The equivalence

2022

in International Units of the International Standard is stated
by the World Health Organization.

Reference and test solutions
Prepare 2 independent series of at least 3 dilutions of each of
the preparation to be examined and of the reference
preparation of streptokinase in lris(hydroxymelhyl)
aminomethane sodium chloride buffer solution pH 7.4 Rt, in the
linear range of the assay (a range of 0.5-4.0 IU/mL has been
found suitable). Prepare and maintain all solutions at 37 °C.

Substrate solution
Mix 1.0 mL of tris(hydroxymethy/)aminomethane b'lffer solution
pH 7.4 R with 1.0 mL of chromogenic substrate Rl. Add 5 ~L

of a 100 gIL solution of polysorbate 20 R. Keep at 37 'C in a
water-bath. InunediateJy before commencing the activation
assay, add 45 ul, of a 1 mglmL solution of human
plasminogen R.

Meihod
Analyse each streptokinase dilution, maintained at 37 °C, in
duplicate. Initiate the activation reaction by adding 60 J.'Lof
each dilution to 40 J,tL of substrate solution. For blank wells,
use 60 J.IL of tris(hydroxymelhyl)aminomerhane sodium chloride
buffersolution pH 7.4 RJ instead of the reference and test
solutions. Allow the reaction to proceed at 37 °C for 20 min
and read the absorbance (2.2.25) at 405 run. If a suitable
thermostatted plate reader is available, this may be used to
monitor the reaction. Alternatively, it may be necessary to
stop the reaction after 20 min using 50 ilL of a
50 per cent VIV solution of glacial acetic add R. Best results
are obtained when the absorbance for the highest
streptokinase concentration is between 0.1 and 0.2 (after
blank. subtraction). If necessary, adjust the time of incubation
in order to reach this range of absorbances.

Calculate the regression of the absorbance on log
concentrations of the solutions of the preparation to be
examined and of the reference preparation of streptokinase
and calculate the potency of the preparation to be examined
using a suitable statistical method, for example the parallel­
line assay (5.1).

The estimated potency is not less than 90 per cent and not
more than 111 per cent of the stated potency.
The confidence limits (P = 0.95) are not less than
80 per cent and not more than 125 per cent of the estimated
potency.

STORAGE
In an airtight container, protected from light and at a
temperature of -20 °C. If the preparation is sterile, store in a
sterile, airtight, tamper-evident container.

LABELLING
The label Slates:
- the number of International Units of streptokinase activity

per milligram, calculated with reference to the dried
preparation; .

- that the preparation is suitable for use in the manufacture
of parenteral preparations.

~ ~ PhE~
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PIlE" _~~~~~~~~~~ ~~_

DEFINITION
Bis[N',N'-dicarbamimidoyl-4-0-[5-deoxy-2-o-[2-deoxy-2­
(methylamino)-«-L-giucopyranosyl]-3-C-fonnyl-«-L­
lyxofuranosyl]-o-streptamine] trisulfate, a substance produced
by me growth of certain strains of Streptomyces griseus or
obtained by any other means. Stabilisers may be added.
The potency is not less than 720 IU/mg, calculated with
reference to the dried substance.

air, and spray with a mixture of equal volumes of a 2 gIL
solution of l,3-dihydroxynaphthaltne R in ethanol
(96 percenV R and a 460 gIL solution of sulfuric acid R. Hear
at 150°C for 5 min to 10 min. The principal spot in the
chromatogram obtained with the test solution is similar in
position, colour and size to the spot in the chromatogram
obtained with reference solution (a). The test is not valid
unless me chromatogram obtained with reference solution (b)
shows three clearly separated spots.

B. Dissolve 5 mg to 10 mg in 4 mL of waterR and add
1 mL of 1 M sodium hydroxide. Heat in a water-bath for
4 min. Add a slight excess of dinue hydrochloric acidRand
0.1 mL offen-icchloride solution RI. A violet colour develops.

C. Dissolve 0.1 g in 2 mL of waterR, add 1 mL of
Ct.-naphthol solution Rand 2 mL of a mixture of equal volumes
of strong sodium hypochlon·te sohuion R and waterR. A red
colour develops.

D. Dissolve about 10 mg in 5 mL of waterR and add 1 mL
of 1 iH hydrochloric acid. Heat in a water-bath for 2 min.
Add 2 mL of a 5 gIL solution of .-naphthol R in 1 M sodium
hydroxide and heat in a water-bath for 1 min. A faint yellow
colour develops.

E. It gives the reactions of sulfates (2.3.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent.

Appearance of solution
Solution S is not more intensely coloured than intensity 3 of
the range of reference solutions of the most appropriate
colour (2.2.2, MethodIf). Allow to stand protected from
light, at a temperature of about 20°C for 24 h. Solution S is
not more opalescent than reference suspension Il (2.2.1).

pH
(2.2.3): 4.5 to 7.0 for solution S.

Specific absorbance (2.2.25)
10.0 to 12.4, determined at the absorption maximum at
525 om (dried substance).

Dissolve 0.100 g in water R and dilute to 100.0 mL with the
same solvent. Introduce separately 5.0 mL of the solution,
and 5.0 mL of waterR (blank) into 2 volumetric flasks.
To each flask add 5.0 mL of 0.2 M sodium hydroxide and
heat for exactly 10 min in a water-bath.

Cool in ice for exactly 5 min, add 3 mL of a 15 gIL solution
ofjerric ammonium sulfate R in 0.5 M sulfuric add, dilute to
25.0 mL with waterR and mix. Exactly 20 min after the
addition of the ferric ammonium sulfate solution, measure
the absorbance of the test solution in a 2 em cell, using the
blank as compensation liquid.

Methanol
Examine by gas chromatography (2.2.28).

Testsolution Dissolve 1.00 g of the substance to be
examined in waterR and dilute to 25.0 mL with the same
solvent.
Reference solution Dilute 12.0 mg of methanol R to 100.0 mL
with waterR.
The chromatographic procedure may be carried out using:
- a column 1.5 m to 2.0 m long and 2 mm to 4 mm in

internal diameter, packed with ethylvinylbenzene­
divinylbellzene copolymer R (150 prn to 180 ~m);

- nitrogen for chromatography R as the carrier gas at a
constant flow rate of 30 mL to 40 mL per minute;

- a flame-ionisation detector.

**** ** ** ****

3810-74-01457

Streptomycin Sulfate
Streptomycin Sulphate

(ph. Eur. monograph 0053)

Action and use
Aminoglycoside antibacterial; antituberculosis drug.

Preparation
Streptomycin Injection

PRODUCTION
It is produced by methods of manufacture designed to
eliminate or minimise substances lowering blood pressure.

CHARACTERS
A white or almost white powder, hygroscopic, very soluble in
water, practically insoluble in anhydrous ethanol.

IDENTIFICATION
A. Examine by thin-layer chromatography (2.2.27), using a
plate coated with a 0.75 nun layer of the following mixture:
mix 0.3 g of carbomer R with 240 mL of waterR and allow to
stand, with moderate shaking, for 1 h; adjust to pH 7 by the
gradual addition, with continuous shaking, of dilute sodium
hydroxide solution R and add 30 g of silica gelH R.
Heat the plate at 110 °C for 1 h, allow to cool and use
immediately.

Test solution Dissolve 10 mg of the substance to be
examined in water R and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 10 mg of streptomycin suifat<
for identification CRS in waterR and dilute to 10 mL with the
same solvent.

Reference soluticn (b) Dissolve 10 mg of kanamycin
monosulfase CRS, 10 mg of neomycin suifat< CRS and 10 mg
of streptomycin sulfate for identification CRS in waterRand
dilute to 10 mL with the same solvent.

Apply separately to the plate 10 ~L of each solution. Develop
over a path of 12 cm using a 70 gIL solution of potassium
dihydrogen phosphate R. Dry the plate in a current of warm
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Maintain the column at a constant temperature between
120°C and 140 °C and the injection port and the detector at
a temperature at least 50°C higher chan that of the colwnn.
Inject the test solution and the reference solution. The area
of the peak due to methanol in the chromatogram obtained
with the test solution is not greater than the area of the peak
in the chromatogram obtained with the reference solution
(0.3 per cent).

Streptomycin B
Examine by thin-layer chromatography (2.2.27), using n7ica
gelGRas the coating substance.

Test solution Dissolve 0.2 g of the substance to be examined
in a freshly prepared mixture of 3 volumes of sulfuric add R
and 97 volumes of methanol R and dilute to 5 mL with the
same mixture of solvents. Heat under a reflux condenser for
1 h, cool, rinse the condenser with methanol R and dilute to
20 mL with the same solvent (10 gIL solution).

Reference solution Dissolve 36 mg of mannose R in a freshly
prepared mixture of 3 volumes of su/fun·c acidRand
97 volumes of methanol R and dilute to 5 mL with the same
mixture of solvents. Heat under a reflux condenser for J h,
cool, rinse the condenser with methanol R and dilute to
50 mL with the same solvent. Dilute 5 mL of the solution to
50 mL with methanol R (0.3 gIL solution expressed as
streptomycin H; J mg of man1Wse R is equivalent to 4.13 mg
of streptomycin B).

Apply separately to l:he plate 10 J.lL of each solution. Develop
over a path of 13 em to 15 em using a mixture of
25 volumes of glacial acetic acid R, 25 volumes of methanol R
and 50 volumes of toluene R. Allow the plate to dry in air and
spray with a freshly prepared mixture of equal volwnes of a
2 gIL solution of 1,3-dihydroxynaphlhalene R in ethanol
(96 percenO R and a 20 per cent VIV solution of su/finic
acid R and heat at 110°C for 5 min. Any spot corresponding
to streptomycin B in the chromatogram obtained with the
test solution is not more intense than the spot in the
chromatogram obtained with the reference solution
(3.0 per cent).

Sulfate
18.0 per cent to 21.5 per cent of sulfate (dried substance).

Dissolve 0.250 g in 100 mL of walerR and adjust the
solution to pH 11 using concentrated ammonia R.
Add 10.0 mL of 0.1 M barium chloride and about 0.5 mg of
phthakin purpleR. Titrate with 0.1 M sodium <derate, adding
50 mLof ethanol (96 peremO R when the colour of the
solution begins to change and continuing the titration until
the violet-blue colour disappears.

1 mL of O.11Ubarium chloride is equivalent to 9.606 mg of
sulfate (S04).

Loss on drying
(2.2.32): maximum 7.0 per cent, determined on 1.000 g by
drying at 60°C at a pressure not exceeding 0.1 kPa for 24 h.

Sulfated ash
(2.4.14): maximum 1.0 percent, determined on 1.000 g.

Bacterial endotoxlns (2.6.14)
Less than 0.25 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for removal of bacterial endotoxins.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).
Use streptomycin rut/ate CRS as the chemical reference
substance.

2022

STORAGE
In an airtight container. If the substance is sterile, the
container is also sterile and tamper-evident.
__~ PhE"

Sucralfate
(Ph. Bur. manograph 1796)

Ra~
OR

Ra

Ra~Raa
RO

OR
OR

R • So,AI(aH),

C. 2H,oAI,051S,[Al(0H),l.[H,Ol.'
in which n =8 to 10 and n' =22 to 31

Action and use
Treatment of gastric and duodenal ulcers.

PhE" ~

DEFINITION
J}-D-Fructofuranosyl-<t-D-glucopyranoside octakls
(dihydroxyaluminium sulfute) with 8-10 molecules of
aluminium hydroxide and 22-31 molecules of water.

Content
- p-~fruc/(J.furanosyl...-~glucqpyranoside acrakis(sulfate}

(sucrose ocrasa!fate) (C12H1.O'5S,'-; M, 975):
30.0 per cent to 38.0 per cent;

- aluminium (AI; A r 26.98): 15.5 per cent to 18.5 per cent.

CHARACTERS
Appearance
White or almost white, amorphous powder.

Soluhility
Practically insoluble in water, in ethanol (96 per cent) and in
methylene chloride. It dissolves in dilute solutions of mineral
acids and alkali hydroxides.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sueralfate CRS.
B. To 2 g add 10 mL of a 10.3 gIL solution of hydrochlaric
acid R and boil. Cool and neutralise with a 4 gIL solution of
sodium hydroxide R. To 5 mL of the solution add 0.15 mL of
freshly prepared copper su!fate solution R and 2 mL of freshly
prepared diJuu sodium hydroxide solution R. The solution is
blue and clear and remains so after boiling. To the hot
solution add 4 mL of dilute hydrochloric acidR and boil for
I min. Add 4 mL of dilute sodium hydroxide solution R;
an orange precipitate is formed immediately.

C. Dissolve about 15 mg in a mixture of 0.5 mL of dilute
hydrochloric acid Rand 2 mL of waterR. The solution gives
the reaction of aluminium (2.3.1).
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_____________________ PI>EII

R =S03H

and HIn a 7 101 ratio

A. ~-D-fruetofuranosyl-«-D-glucopyranoside heptakis
(hydrogen sulfate).

Titrate the excess of sodium edetate with O.liH zinc sulfate
until the colour changes to pink.

1 mL of 0.1 NI sodium edetate is equivalent to 2.698 mg of
AI.

**** ** *
*****

H;)-O,

~
C'\jOHOHO

C,OH

(Ph. Eur. monograph 2368)

Sucralose

Sucrose octasulfare
Liquid chromatography (2.2.29) as described in the test for
impurity A with the following modifications.

iHobiJe phase 132 gIL solution of ammonium sulfate R,
adjusted to pH 3.5 with phosphoric acid R.

Injection Test solution and reference solution (a).

Calculate the percentage content of Cl2HHOJ5SS taking into
account the assigned content of potassium sucrose
oaasulfote CRS and by multiplying the potassium sucrose
octasulfate content by 0.757.

IMPURITIES
Specified impurities A.

RO~
OR

RO

RO~ROO
RO

OR
OR

TESTS
Impurity A
Liquid chromatography (2.2.29).

Test solution Dissolve 450.0 mg of the substance to be
examined in a mixture of equal volumes of an 88 gIL
solution of sodium hydroxide R and a 196.2 gIL solution of
sulfuric add R and dilute to 10.0 mL with the same mixture
of solvents. Without delay, while shaking at a moderate rate,
add a volume (V), accurately measured in millilitres, of a
4 gIL solution of sodium hydroxide R (0 adjust the solution to
approximately pH 2.3. Dilute the solution with (15.0
- II) mL of waterR. Shake for I min. If the pH is not
between 2.3 and 3.5, repeat the test using a different volume
of a 4 gIL solution of sodium hydroxide R.

Reference solution (a) Dissolve 40.0 mg of potassium sucrose
oetasulfare CRS in the mobile phase and dilute to 5.0 mL
with the mobile phase.

Reference so/mum (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with the mobile phase.

Golumn:
- size: 1= 0.25 m, 0 ;;;; 4.0 rom;
- stationary phase: aminopropylsi/yl silica gelfor

chromatography R (5 pm).

klobiJe phase 70 gIL solution of ammonium sulfate R,
adjusted-to pH 3.5 with pltosphori< acid R.

Flow rate 1 mUmin.
Detection Differential refractometer.

Injection 50 JtL of the test solution and reference
solution (b).

Relativeretention With reference to sucrose octasulfate
(retention time =about 6 min): impurity A = about 0.6.

System suitability Reference solution (b):
- numberof theoretical plates: minimum 400;
- symmetry factor: maximum 4.0.

Limit:
- impun'zy A: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (5.0 per cent).

Neutralising capacity
Disperse 0.25 g in 100.0 mL of 0./ M hydrochloric acid,
previously heated at 37°C, stir continuously for 1 h in a
water-bath at 37°C and cool. Titrate 20.0 mL of this
solution with 0.1 AI sodium hydroxide to pH 3.5; not more
than 14.0 mL of 0.1 Al sodiumhydroxide is required.

Chlorides (2.4.if)
Maximum 0.50 per cent.

Dissolve 0.10 g in 5 mL of dilute nitric acid R and dilute to
50 mL with waterR. Dilute 5 mL of this solution to 15 mL
with waterR.

PIIEII _

DEFINITION
1,6-Dichloro-I,6-d.ideoxy-p-o-fructofuranosyI4-ehloro-4­
deoxy-c-n-galacropyranoside.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

ASSAY
Aluminium
Disperse 1.0 g in 10 mL of 6 M hydrochloric acid R. Heat
with continuous stirring in a water-bath at 70°C for 5 min.
Cool to room temperature, transfer quantitatively to a
volumetric flask, dilute to 250.0 mL with waterR, and mix.
Filter the solution, discarding the 1S[ portion of the filtrate.
To 10.0 mL of the solution, add 10.0 mL of 0./ M sodium
edetate and 30 mL of a mixture of equal volumes of
ammonium acetate solution R and dilute acetic add R. Heat in a
water-bath at 70°C for 5 min, then cool. Add 25 mL of
echanol (96 per cenll R and I mL of a freshly prepared
0.25 gIL solution of dichizone R in echanol (96 per cetll) R.

397.6

Action and use
Sweetening agent.

5603&-13-2
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Solubility
Freelysoluble in water, soluble in anhydrous ethanol, slightly
soluble in ethyl acetate.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sucralose CRS.

TESTS
Speclflc optical rotadon (2.2.7)
+ 84.0 to + 87.5 (anhydrous substance).

Dissolve 2.50 g in walerRand dilute to 25.0 mL with the
same solvent.

Impurities H and I
Test solution Dissolve 2.5 g of the substance to be examined
in methanol R and dilute to 10.0 mL with the same solvent.
Reference so/mimi (a) Dissolve 1.0 g of mannitol R in water R
and dilute to 10.0 mL with the same solvent.

Reference solution (b) Dissolve 1.0 g of mannitol Rand
4.0 mg ofjrnctoseR in water R and dilute to 10.0 mL with
the same solvent.
Plate TLC silica gelplate R.

Application 5 ~L by applying the solution slowly in I ~L

aliquots and allowing the plate to dry between applications;
the 3 spots must be of a similar size.
Detection Spray with a solution prepared as follows: dissolve
1.23 g of p-onisidine Rand 1.66 g of phthalic acidR in
100 mL of methanol R; store the solution in darkness and in
a refrigerator to prevent it becomingdiscoloured; discard if
the solution becomes discoloured; heat me plate at
100 ± 2 °C for 15 min and examineimmediately against a
dark background.

System suitability The spot due to mannitol obtained with
reference solution (a) is colourless; darkening of the mannitol
spot indicates that the plate has been held for too long in the
oven and a 2nd plate has to be prepared.
Limit:
- sumof impurities H and I: any spot is not more intense

thanthe spot due to fructose obtained with reference
solution (b) (0.1 per cent).

Related substances
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 1.0 g of the substance to be examined
in methanol R and dilute to 10.0 mL with the same solvent.
Reference tduiion (a) Dilute 0.5 mL of the test solution to
100.0 mL with methanol R.
Reference solution (b) Dissolve the contents of a vialof
sucralese impurity B CRS in 1.0 mL of the test solution.
Plate TLC octaelecy/silyl silica gelplat< R.
l'vlobile phase acetonitrile R, 50 gIL solutionof sodium
chlOride R (30:70 Vii').

Applicaticn 5 ~L.

Development Over 3/4 of the plate.

Drying In air.

Detection Spray with a 15 per cent VIV solutionof sulfuric
acidR in methanol R and heat at 125 °C for 10 min.

Retardation factors Impurity A = about 0.3;
impurity B =about 0.35; sucralose =about0.45;
impurity F =about 0.67; impurity G =about 0.70;
impurity E = about 0.72; impurity D = about 0.8.

2022

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots due to

impurity Band sucralose.
Limits:
- impurities A, B, D, E, F, G: any spot, apart from the

principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (a)
(0.5 per cent).

Water (2.5.IZ)
Maximum 2.0 per cent) determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.7 per cent)determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29).

Test solution Dissolve 0.25 g of the substance to be
examined in the mobilephase and dilute to 25.0 mL with
the mobile phase.

Reference solution Dissolve 0.25 g of sucraiose CRS in the
mobile phase and dilute to 25.0 mL with the mobile phase.

Column:
- size: 1= 0.10 m, 0 = 4.6 mmj
- stationary phase: oetadecy/silyl silica gelfor chromatography R

(5 pm).

Mobile phase acetonitrile R, walerR (15:85 VIV).
Flow rate 1.5 mUmin.
Detection Refractometer maintained at a constant
temperature.
Injection 20 ~L.

Retention time Sucralose = about 3 min.
System suitability Reference solution:
- symmetry factor: maximum 2.0 for the peak due to

sucralose.
Calculate the percentage content of Cl2HI9Cl30a taking into
account the assigned content of sucralose CRS.

IMPURITIES
Specified impuniie.s A, B, D, E, F, G, H, 1

H'CyO~
o a 0

OH

CI\jOH

O

HO

CI
OH

A. 1,6-dichloro-I,6-dideoXY-~-D-fructofuranosyl 6-o-acetyl-4­
chloro-4-deoxy-<t-D-galactopyranoside (6-0­
acetylsucralose),
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_____________________ Phf<l

I. 4-ehloro-4-deoxy-a.-D-galaclOpyranose.

57-50-1342.3

HO~
OH

HO

H0\§t0H
O

HO

OH
OH

sucrose'
Refined Sugar

(ph. Bur. monograph 0204)

H:~O
OH

OH
OH

H. t,6-dichloro-l,6-dideoxy-Jl-n-fructofuranose,

Cl~OH
HO

CI
OH

CI~
OH

HO

cr'v~~

~l
OH CI

H0

t1Cl 0
OH

HO~oO.HO
HO

CI
OH

H~O,

\L..r1
Cl'v~~
~OH OH

B. 1,6-dichloro-I,6-dideoxy-fl-o-fruclofuranosyl 6-ehloro-6­
deoxy-o-n-glucopyranoside (l',6,6'-trichloro-l',6,6'­
trideoxysucrcse),

D. j-chloro-l-deoxy-ff-u-fructofuranosyl d-chloro-a-deoxy-c­
o-galacropyranoside (1',4-dichloIO-l /,4­
dideoxygalactosucrose),

E. ti-chloro-ri-deoxy-B-n-frucrofuranosyl 4-ehloro-4-deoxy-«­
o-galaetopyranoside (4,6'-dichJoro-4,6'­
dideoxygalactosucrose),

Acdon and use
Sweetening agent.

Phf<l ~ _

HO~
OH

HO

CI~OHO
HO

CI
OH

F. 1,6-dichloro-I,6-dideoxy-fl-o-fructofuranosyl a-D­
glucopyranoside (1',6'-dichloro-l' ,6'-dideoxysucrose),

H0

t1Cl 0
OH

~OH CI

DEFINITION
~-D-Fructofuranosyla-o-glucopyraooside.

It contains no additives.

tCHARACTERS
Appearance
White or almostwhite, crystalline powder,or lustrous,
colourless or white or almostwhite crystals.

Solubility
Very soluble in water, slightly solublein ethanol
(96 per cent), practically insoluble in anhydrous ethanol.

IDENTIFICATION
Fi", ic1en,ijirodon: A.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sucrose CRS.
B. Thin-layer chromatography (2.2.27).

Test sdsuion Dissolve 10 mg of the substance to be
examined in a mixtureof 2 volumes of waterRand
3 volumesof methanol R and dilute to 20 mLwith the same
mixture of solvents.

G. 3,6-anhydro-l-chloro-l-<!eoxy-fl-o-fructofuranosyl
4-cWoro-4-deoxy--et-D-gaJaetopyranoside (3',6' -anhydro­
l'A-dichIara-I',4-dideoxygalaclOsucrose),

I This monograph hasundergone pharmacopotial harmonisation:
See chapter 5.8 Phannawpoeial harmonisation:
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Table 0204.-1

Calculate the colour value using the following expression:

A x 1000
b x c

A absorbance measured at 420 nm;
b path length in centimetres;

concentration of the solution, in grams per miUilitre. calculated
from the refractive index (2.2.6) of the solUlion; use
Table 0204.-L and interpolate me values itnecessary,

0.570

0.585

0.600

0.615

0.630

0.645

0.661

c
(glmL)

1.4138

1.4159

1.'1179

1.4200

1.4221

1.4243

1.4264

System suitability;
- repeatability: the absolute difference between 2 results is

not greater than 3.t

Dextrine
If intended for use in the manufacture of large-volume
parenteral preparations, it complies with me test for dextrins.
To 2 mL of solution S add 8 mL of waterR, 0.05 mL of
dillIle hydro<hforic acidRand 0.05 mL of 0.05 M iodine.
The solution remains yellow.

Reducing sugars
To 5 mL of solution S in a test-tube about 150 nun long
and 16 nun in diameter add 5 mL of waterR, 1.0 mL of
1 M sodium hydroxide and 1.0 mL of a I !VI. solution of
methylene blueR. Mix and place in a water-bath. After exactly
2 min, take the tube out of the hath and examine the
solution immediately. The blue colour does not disappear
completely. Ignore any blue colour at the air/solution
interface.

Sulfites
Maximum 10 ppm, calculated as 802,

Determine the sulfites content by a suitable enzymatic
method based on the following reactions. Sulfite is oxidised
by sulfite oxidase to sulfate and hydrogen peroxide which in
nun is reduced by nicotinamide-adenine dinucleotide­
peroxidase in the presence of reduced nicotinamide-adenine
dinucleotide (NADH). The amount of NADH oxidised is
proportional to the amount of sulfite.

Testsolution Dissolve 4.0 g of the substance to be examined
in freshly prepared disrilled waterR and dilute to 10.0 mL
with the same solvent.

Reference sdution. Dissolve 4.0 g of the substance to he
examined in freshly prepared distilfed waterR, add 0.5 mL of
sulfite standard solution (80 ppm SOli R and dilute to
10.0 mL with freshly prepared disu11ed water R.

Bfank solution Freshly prepared distilled water R.
Separately introduce 2.0 mL each of the test solution. the
reference solution and the blank in 10 mm cuvettes and add
the reagents as described in the instructions in the kit for
sulfite determination. Measure the absorbance (2.2.25) at the
absorption maximwn at about 340 nm before and at the end
of the reaction time and subtract the value obtained with the
blank.

C1 - 0.35 C,

Reference solution (a) Dissolve IO mg of sucrose CRS in a
mixture of 2 volumes of wawrRand 3 volumes of methanol R
and dilute to 20 mL with the same mixture of solvents.

Reference so/mum (b) Dissolve 10 mg oifruaose R, 10 mg of
glucose R, 10 mg of lactose monohydrate Rand 10 mg of
sucrose R in a mixture of 2 volumes of waterRand 3 volumes
of methanol R and dilute to 20 mL with the same mixture of
solvents.

Plate TLC silica gefG plateR.
lHob,7e phase cold saturated boric acid solution R,
60 per cent VIV solurion ofglacial acetic acid R, anhydrous
ethanolR, acetone R, ethyl acetale R
(10:15:20:60:60 VIVIVIVIV).

Applicatwn 2 ~L.

Development In an unsaturated tank, over 3/4 of the plate.

Drying In a current of warm air.

Detection Spray with a solution of 0.5 g of thymolR in a
mixture of 5 mL of sulfuric acidRand 95 mL of ethanal
(96 per cent) R. Heat the plate at 130 °C for 10 min.

System suitability The chromatogram obtained with
reference solution (b) shows 4 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).

C. Dilute I mL of solution S (see Tests) to 100 mL with
waterR. To 5 mL of the solution add 0.15 mL of freshly
prepared copper sulfate salurion Rand 2 mL of freshly
prepared dilute sodium hydroxide solution R. The solution is
blue and clear and remains' so after boiling. To me hot
solution add 4 mL of dilute hydro<hloric add R and boil for
I min. Add 4 mL of dilute sodium hydroxide salurion R.
An orange precipitate is formed immediately.t

TESTS
Solution S
Dissolve 50.0 g in waterR and dilute to 100 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1).

Conductivity (2.2.38)
Maximum 35 ~S'em-I at 20 °C.

Dissolve 31.3 g in carbon dioxide-free waterR prepared from
distilled waterR and dilute to 100 mL with the same solvent.
Measure the conductivity of the solution (Gl ) , while gently
stirring with a magnetic stirrer, and that of the water used for
preparing the solution (C,). The readings must be stable
within 1 per cent over a period of 30 s. Calculate the
conductivity of the solution of the substance to be examined
using the following expression:

Specific optical rotation (2.2.7)
+ 66.3 to + 67.0.
Dissolve 26.0 g in waterR and dilute to 100.0 mL with the
same solvent.

tColour value
Maximum 45.

Dissolve 50.0 g in 50.0 mL of waterR. Mix, filter (diameter
of pores 0.45 urn) and degas. Measure the absorbance
(2.2.25) at 420 om, using a minimum path length of 4 em (a
path length of 10 em or more is preferred).
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Table 2797.-1

A absorbance measured lit 420 run:
b path length, in centimetres;

concenuanon of the solution obtained, in grams per millilio:e,
cakulated from the refractive index (2.2.6) of the solunon, use
Table 2797.-1 and interpolate the values if necessary.

The absorbance difference of the test solution is not greater
than half the absorbance difference of the reference solution.

Loss on drying (2.2.32)
Maximum 0.1 per cent, determined on 2.000 g by drying in
an oven at 105°C for 3 h.

Bacterial endotoxins (2.6.14)
Less than 0.25 IU/mg, if intended for use in the manufacture
of large-volume parenteral preparations.

LABELLING
The label states, where applicable, that the substance is
suitable for use in the manufacture of large-volume parenteral
preparations.
___________________ Pl>E<I

1.4138

1.4159

1.'1179

1.'1200

1.4221

IA2H

1.4264

c (gImL)

0.570

0.585

0.600

0.615

0.630

0.645

0.661

Syrup
Syrup

(Liquid Sucrose, Ph. Bur. monograph 2797)
Pl>E<I _

DEFINITION
Aqueous solution of sucrose.

Content
- dry malter. 66.0 per cent mlm to 67.5 per cent mlm.

CHARACTERS
Appearance
Clear, colourless or pale .yellow, viscous liquid.

Solubility
Miscible with glycerol.

IDENTIFICATION
A. Liquid chromatography (2.2.29) as described in the test
for related substances with the following modification.

Injection Test solution (b) and reference solution (c).

Results The principal peak in the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (c).

B. Dilute 75 g to 100 mL with water R. Dilute I mL of the
solution to 100 mL with water R. To 5 mL of this solution
add 0.15 mL of freshly prepared copper sulfate solution Rand
2 mL of freshly prepared dilutesodiumhydroxide solution R.
The solution is blue and clear and remains so after boiling.
To the hot solution add 4 mL of dilute hydrochloric acidR
and boil for I min. Add 4 mL of dilutesodiumhydroxide
solution R. An orange precipitate is formed immediately.

TESTS
Colour value
Maximum 30.

Dilute a quantity of the substance to be examined
corresponding to 50.0 g of dry mailer (see Tests) to 100.0 g
with waterR. Filter through a membrane filter (nominal pore
size 0.45 urn) and allow to stand for about 15 min. Measure
the absorbance (2.2.25) at 420 nm, using a minimum path
length of 5 cm (a path length of 10 ern or more is preferred).

Calculate the colour value using the following expression:

A x 1000

bxc

System suitability:
- repeatability: the absolute difference between 2 results is

not greater than 3.

Conductivity (2.2.38)
Maximum 35 ~S.cm-I at 20 'C.

Dilute a quantity of the substance to be examined
corresponding to 31.3 ± 0.1 g of dry matter (see Tests) to
100.0 mL with carbon dioxide-free waterR. Measure the
conductivity of the solution (el ) , while gently stirring with a
magnetic stirrer, and that of the water used for preparing the
solution (C2) . The readings must be stable within 1 per cent
over a period of 30 s. Calculate the conductivity of the
solution of the substance to be examined using the following
expression:

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dilute 0.200 g of the substance to be
examined to 10.0 mL with warer R.
Test solution (b) Dilute 1.0 mL of test solution (a) to
20.0 mL with water R.

Reference solution (a) Dilute 1.0 mL of test solution (a) to
200.0 mL with water R.

Reference solution (b) Dissolve 10.0 mg of raffinose
penrahydrate R (impurity A) and 14.0 mg of glucose R
(impurity C) in warerR and dilute to 50.0 mL with the same
solvent. To 1.0 mL of the solution add 26.0 mg of
sucrose CRS and dilute to 2.0 mL with water R.
Reference solution (c) Dissolve 33.0 mg of sucrose CRS in
waterR and dilute to 5.0 mL with the same soLvent. Dilute
1.0 mL of the solution to 10.0 mL with waterR.

Precohmm:
- size: 1= 0.03 m, 0 = 8.0 mm;
- stationaryphase: strong cation-exchange resin (calcium

fonn) R (9'~m).

Column:
- size: 1= 0.30 m, 0 =7.8 nun,
- stationary phase: strong canon-exchange resin (calcium

fonn) R (9 urn),
- temperature: 80 ± I 'C.
Mobile phase waterfor chromatography R.

Flow rate 0.5 mUmin.

Detection Differential refractometer maintained at a constant
temperature (about 40 'C).

Injection 10 ..L oftest solution (a) and reference
solutions (a) and (b).
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Run time 3 times the retention time of sucrose.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A (or B) and C.

Impurity A is present in sucrose obtained from sugar beet
and impurity B is present in sucrose obtained from sugar
cane.

Relattveretention With reference to sucrose (retention
time = about 10 min): impurities A and B = about 0.9;
impurity C = about 1.2.

Systemsu;tabiJity Reference solution (b):
- peah-to-oalley ratio: minimum 2.5, where HI' = height

above me baseline of the peak due to impurity A and
Hv = height above the baseline of the lowest point of the
CUNe separating this peak from the peak due to sucrose;
minimum 2.5, where HI' =height above the baseline of
the peak due to impurity C and HfI =height above the
baseline of the lowest point of the curve separating this
peak from the peak due to sucrose.

Calcularion ofpercentage contents:
- for each impurity, use the concentration of sucrose in

reference solution (a).

Limits:
- i'mpun·ty c: maximum 0.7 per cent;
- unspedfied impwltks: for each impurity, maximwn

0.5 per cent;
- total: maximum 2.0 per cent;
- reporting threshold: 0.05 per cent"

Sulfite.
Maximum 10 ppm, calculated as S02'

Determine the suJfites content by a suitable enzymatic
method based on the following reactions. Sulfite is oxidised
by sulfite oxidase to sulfate and hydrogen peroxide which in
tum is reduced by nicotinamide-adenine dinucleotide­
peroxidase in the presence of reduced nicotinamide-adenine
dinucleotide (NADH). The amount of NADH oxidised is
proportional [0 the amount of sulfite.

Test solution Dilute 4.0 g of the substance to be examined
to 10.0 mL with freshly prepared distiOed waterR.
Reference so/utum To 4.0 g of the substance to be examined
add 0.5 mL of sulfitestandard solution (80 ppm SOy Rand
dilute to 10.0 mL with freshly prepared distilled waterR.
Blank solution Freshly prepared disu7led waterR.

Separately introduce 2.0 mL each of the test solution, the
reference solution and the blank solution into 10 mm
cuvettes and add the reagents as described in the instructions
in the kit for sulfite determination. Measure the absorbance
(2.2.25) at the absorption maximum at about 340 run before
and at the end of the reaction time and subtract the value
obtained with the blank.

The absorbance difference of the test solution is not greater
than half the absorbance difference of the reference solution.

Dry matter
Determine the refractive index (2.2.6). Use Table 2797.-2
and interpolate the values.if necessary,

Table 2797.-2

Dry matter (per cent m/m)

2022

IMPURITIES
Specified impurities C.
Other detectable impurities (thefollowing substances uould, if
present at a sufficient level) be detected by one or Other of the tests
in the monograph. They are limitedby the general acceptance
ctitetion for other/unspecified impurities. It is therefore not
neussary to identify these impun·ties for demonstration of
compliance. See also5.10. Control ofimpuniies in substances for
pharmaceutical use) AJ B, D.

::~OH

OHO~
OH

HO

HO~OHO
HO

OH
. OH

A. ~-D-fructofuranosyl e-n-galactopyranosyl-ft ~6)-«-D­
gJucopyranoside (raffinose),

HO

OH

HO

H0'v~~

)J'lOH
OH

B. ~-D-fruclofuranosyl o-n-glucopyranosyl-It ~6)-«-D­
glucopyranoside (theanderose),

HO~O, OH

HN:(
OH

C. n-glucopyranose (glucose),

~
I 0 OH

HO

HO OH

OH

D. D-arabilU>-hex-2-ulopyranose (fructose).
_____________________ PhE"

65

66

67

6.
69

1.453478

1.455839

1.458217

1.460613

1.463026
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Sucrose Monopalmitate
(Ph. Eur. monograph 2319)

**** ** ** ****

Sucrose Monopalmitate 11-1025

- mob,7e phaseB: 0.01 gIL solution of ammonium acetate R
in a mixture of 10 volumes of waterfor chromatography R
and 90 volumes of letrahydrofuran for chromatography R;

PhE" ~ ~ ~ _

DEFINITION
Mixture of sucrose monoesters, mainlysucrose
monopalmitate, obtained by transesterification of palmitic
(hexadecanoic) acid methyl esters of vegetable origin with
Sucrose (0204). The manufacture of the fatty acid methyl
esters includes a distillation step.

It contains variable quantities of mono-, di-, tri- and
polyesters.

Content
- monoesters: minimum 55.0 per cent;
- diesters: maximum 40.0 per cent;
- sum of trieuers and polyesters: maximum 20.0 per cent.

CHARACTERS
Appearance
White or almost white, unctuous powder.

Solubility
Very slightly soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
A. Composition of fatty acids (see Tests).

B. It complies with the limits of the assay.

TESTS
Acid value (2.5.1)
Maximum 6.0, determined on 3.00 g.

Use a freshly neutralised mixture of I volume of waterR and
2 volwnes of 2-propano/ R as solvent and heat gently.

Composition of fatty acids (2.4.22, Method C)
Use the mixture of calibrating substances in Table 2.4.22.-1.

Composi.im of thefatty-add fraction of the substance:
- lauric acid: maximum 3.0 per cent;
- myristic acid: maximum 3.0 per cent;
- palm;tk add: 70.0 per cent to 85.0 per cent;
- steam acid: 10.0 per cent to 25.0 per cent;
- sum of the contetus of palmitic add and stearic acid:

minimum 90.0 per cent.

Free sucrose
Liquid chromatography (2.2.29).

Solvent mixture waterfor chromatography R, tetrahydro/uran
for chromatography R (12.5:87.5 VIV).
Test solution Dissolve 0.200 g of the substance to be
examined in the solvent mixture and dilute to 4.0 mL with
the solvent mixture.

Reference solution (a) Dissolve 20.0 mg of sucrose CRS in the
solvent mixture and dilute to 10.0 mL with the solvent
mixture. Dilute 1.0 mL of this solution to 10.0 mL with the
solvent mixture.

Reference solution (b) In 4 volumetricflasks, introduce
respectively 5.0 mg, 10.0 mg, 20.0 mg and 25.0 mg of
sucrose CRS, dissolve in the solvent mixture and dilute to
10.0 mL with the solvent mixture.
Column:
- size: I ::::; 0.25 m, 0 ::::; 4.6 mm;
- stationary phase: spherical aminopropy1silyl silica gelfor

chromatography R (4 um).

Mobile phase:
- mobile phase A: 0.01 gIL solution of ammonium tuetate R

in acetonitrile for chromatography R;

Tim. MobUe phase A MobUe phase B Flow race
(min) (per cent V/J? (per cent VIJI) (mIJmln)

" - 1 100 o I."
1 - 9 100 -t 0 o -t 100 I."

9 - 16 o 100 I."
16 - 16.01 0 100 1.0 -t 2.5

16.01 - 32 u 100 2.5

Detection Evaporative light-scattering detector; the following
settings have been found to be suitable; if the detector has
different setting parameters, adjust the detector settings so as
to comply with the system suitabilitycriterion:
- caniergas: nitrogen R;
- flow rate: 1.0 mUmin;
- evaporator temperature: 45 QCj
- nebuliser temperature: 40 QC.

Injecrion 20 ~L.

Retention lime About 26 min.

System suitability Reference solution (a):
- signal-to-noise ratio: minimum 10.

Limit Maximum 4.0 per cent.

Water (2.5.I2)
Maximum 4.0 per cent, determined on 0.20 g.

Total ash (2.4.16)
Maximum 1.5 per cent.

ASSAY
Size-exclusion chromatography (2.2.30): use the
normalisation procedure.

Testsolution Dissolve 60.0 mg of the substance to be
examined in telrahydrofuran R and dilute to 4.0 mL with the
same solvent.

Column:
- size: 1= 0.6 m, 0::::; 7 mm,
- stationary phase: styrene-divinylbenzene ccpoIymer R (5 pm)

with a pore size of 10 run.

Mobile phase: tetrahydrofuran R.
FIwJrate . 1.2 mUmin.

Detection Differential refractometer.

Injection 20 J1L.
Relativeretention With reference to monoesters (retention
time =about 13 min): diesters =about 0.93; triesters and
polyesters ::::; about 0.91.

Calculations:
- disregard limit: disregard the peaks having a signal-to-noise

ratio less than 10;
- free fatty adds: calculate the percentage content of free

fatty acids (C), using the following expression:

fA acid value (see Tests),
256 rounded molar mass of palmitic acid, in grams per mole;
56.11 molar mass of potassium hydroxide. in grams per mole.

- monoesters: calculate me percentage content of monoesters
using the following expression:
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PhElI _

_____________________ PhElI

- diesten: calculate the percentage content of diesters using
the following expression:

Z
X+Y+Z (IOO-A-B)

Tim, MobUe phase A Moblle pbase B Flow rate
(min) (per cent VIP) (per cent VIJI) (mIhnln)

0-1 100 0 1.0
1-. 100 ..... 0 0· ..... 100 1.0

9 - 16 0 tOO 1.0
16 - 16.01 0 100 1.0 ..... 2.5

16.01 - 32 0 100 2.'

TESTS
Acid value (2.5.1)
Maximum 6.0, determined on 3.00 g.

Use a freshly neutralised mixture of 1 volume of waterRand
2 volumes of 2-propano/ R as solvent and heat gently.

Composition of fatty acids (2.4.22, Method C)
Use the mixture of calibrating substances in Table 2.4.22.-1.

Composition of thefatly-acidfraction of the substance:
- lauric acid: maximum 3.0 per cent;
- myristk add: maximum 3.0 per cent:
- palmitic acid: 25.0 per cent to 40.0 per cent;
- stearic acid: 55.0 per cent to 75.0 per cent;
- sum of the COI1(nJts of palmitic acidand stearic add:

minimum 90.0 per cent.

Free sucrose
Liquid chromatography (2.2.29).

Solventmixture waterfor chromatography R, tetrahydrofuran
for chromatography R (12.5:87.5 VII').
Test solution Dissolve 0.200 g of the substance to be
examined in the solvent mixture and dilute to 4.0 mL with
the solvent mixture.

Reference So/UiUm (0) Dissolve 20.0 mg of sucrose CRS in the
solvent mixture and dilute to 10.0 mL with the solvent
mixture. Dilute 1.0 mL of this solution to 10.0 mL with the
solvent mixture.

Reference solution (b) In 4 volumetric flasks, introduce
respectively 5.0 mg, 10.0 mg, 20.0 mg and 25.0 mg of
sucrose CRS, dissolve in the solvent mixture and dilute to
10.0 mL with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- srarionary phose: spherical aminopropylsilyl silica geifor

chromatography R (4 um).

Mobile phose:
- mobile phaseA: 0.01 gIL solution of ammonium aUlate R

in acetonitrile for chromatography R;
- mobile phase B: 0.01 gIL solution of ammonium acetate R

in a mixture of 10 volumes of water for chromatography R
and 90 volumes of utrahydrofuran for chromatography R;

Detection Evaporative light-scattering detector; the following
settings have been found to be suitable; if the detector has
different setting parameters, adjust me detector settings so as
to comply with the system suitability criterion:
- earner gas: nitrogen R;
- flow YOU: 1.0 mUmin;
- evaporator temperature: 45°C;
- nebuJiser temperature: 40°C.
Injection 20~.

Retention time About 26 min.

System suitability Reference solution (a):
- signal-to-noise ratio: minimum 10.

Limit:.
- sucrose: maximum 4.0 per cent.

**** ** ** ****(ph. Eur. monograph 2318)

Sucrose Stearate

DEFINITION
Mixture of sucrose esters, mainly sucrose stearate, obtained
by transesterification of stearic (octadecanoic) acid methyl
esters of vegetable origin with sucrose (0204).
The manufacture of the fatty acid methyl esters includes a
distillation step.

It contains variable quantities of mono-, di-, tri- and
polyesters.

Content
Sucrose stearate type I:
- motloesters: minimum 50.0 per cent;
- diesters: maximum 40.0 per cent;
- sum of triesters and polyesters: maximum 25.0 per cent;

Sucrose stearate type 11:
- mcmoesters: 20.0 per cent to 45.0 per cent;
- diesters: 30.0 per cent to 40.0 per cent;
- sum of tnesters and polyesters: maximum 30.0 per cent;

Sucrose stearate type /II:
- mcmoesters: 15.0 per cent to 25.0 per cent;
- ditsters: 30.0 per cent to 45.0 per cent;
- sum of triesten and polyesters: 35.0 per cent to

50.0 per cent.

CHARACfERS
Appearance
White or almost white, unctuous powder.

Solubility
Very slightly soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
A Composition of fatty acids (see Tests).

B. It complies with the limits of the assay.

[ X (IOO-A-Bl]-C
X+Y+Z

STORAGE
Protected from humidity.

- sum of triesten and polyesters: calculate the swn of the
percentage contents of triesters and polyesters using the
following expression:

y
X+Y+Z (IOO-A-B)

A percentage content of free sucrose (see Tests);
B percentage content of water (see Tests);
C percentage content of free filny acids;
X area of the peak due 10 monoesters and free fany acids;
Y area of me peak due to diesrers;
Z area of the peak due to tnesrers end polyesters.
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PhEII _

**** ** *
*****

56030-54-7386.6

(Ph. Bur. monograph 1569)

Sufentanil

Action and use
Opioid receptor agonist; analgesic.

DEFINITION
N-[4-(Methoxymethyl)-I-[2-(thiophen-2-yl)ethyl]piperidin-4­
yl]-N-phenylpropanamide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, freely soluble in ethanol
(96 per cent) and in methanol.

mp
About 98 'C.

IDEN1lFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of sufemani/.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method11).
Dissolve 0.10 g in methanol R and dilute to 20 mLwith the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.

Reference solution (aJ In order to produce impurity E in situ,
dissolve 10 mg of the substance to be examined in 10.0 mL
of dilute hydrochloric add R. Heat on a water-bath under a
reflux condenser for 4 h. Add 10.0 mL of dilute sodium
hydroxide solution R. Evaporate to dryness on a water-bath.
Cool and take.up the residue in 10 mL of methanol R. Filter.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 5.0 mL of this solution to
20.0 mL with methanol R.

Goillmn:
- size: 1= 0.1 m, 0 = 4.6 mm,
- stationary phase: octadecylsilyl silica gd for chromatography R

(3 urn).

Mobile phase:
- mobile phaseA: 5 gIL solution of ammonium carbonate R in

a mixture of 10 volumes of letrahyJrofuran R and
90 volumes of water R;

- mobile phase B: acetonitrile R;

Water (2.5.12)
Maximum 4.0 per cent, detennined on 0.20 g.

Total ash (2.4.16)
Maximum 1.5 per cent.

ASSAY
Size-exclusion chromatography (2.2.30): use the
normalisation procedure.

Testsolution Dissolve 60.0 mg of the substance to be
examined in tetrohydrofuran R and dilute to 4.0 mL with the
same solvent.

Column:
- size: 1= 0.6 m, 0:::: 7 mm;
- stationary phase: styrene-divinylbenzene copolymer R (5 11m)

with a pore size of 100m.

iHobi/ephase tetrahydrofuranR.

F/flW rate 1.2 mUmin.
Detection Differential refractometer.

Injection 20 ~L.

Relativeretention With reference to monoesters (retention
tlme e about 13 min): diesters :::: about 0.94; triesters and
polyesters :::: about 0.92.

Calculations:
- disregi/rd limit: disregard the peaks having a signal-to-noise

ratio less than 10;
- free falty acids: calculate the percentage content of free

fatty acids (C) using the following expression:

- monoaten: calculate the percentage content of monoesrera
using the following expression:

[ X (IOO-A-B)]-C
X+Y+Z

A percentage content of free sucrose (see Tests);
B percentage content of water (see Tests):
C percentage content of free fatty acids;
X area of the peak due to monoesrers and free fatty acids;
Y area of the peak due to dies[e~.

Z area of the peak due to triesters and polyesters.

- diesters: calculate the percentage content of dlesrers using
the following expression:

Y
X+Y+Z (IOO-A-B)

flo. acid vatue (see Tests);
284 rounded molar mass of stearic acid, in grams per moler
56.11 molarmass ofporassium hydroxide, in grams per mole.

Z
X+Y+Z (IOO-A_B)

- sum of 111esters and polyesters: calculate the sum of the
percentage contents of triestera and polyesters using the
following expression:

LABELLING
The label states the type of sucrose stearate (type I, ITor Ill).

STORAGE
Protected from humidity.
_____________________ PhEII
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ASSAY
Dissolve 0.300 g in 50 mL of a mixture of I volume of
anhydrous acetic acidRand 7 volumes of methylethylketone R
and titrate with O. I M perehloric acid,using 0.2 mL of
naphtholbenzein solution R as indicator.
I mL of O. I M perchloric acid is equivalent to 38.66 mg
of C22H30~I,02S.

STORAGE
Protected from light.

IMPURITIES
Spedfied impurities D, F, H.
Otherdetectable impurities (thefolJlJUJing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimited by thegeneral acceptance
criterion for otherhmspecified imptmties and/or by thegeneral
monograph Substancesfor phannaceuticoJ use (2034). It is
therefore not necessary to identify thtse impun"ties for
demonstration of compliance. See also 5.IO. ConlTOl ofimpurities
in substances for pharmaceutical use) A, B, C, E, G, I.

B. cis-4-(methoxymethyl)-4-(phenylpropanoylamino)-I-[2­
(thiophen-2-yl)ethyl]piperidine f-oxide,

o (\
~I(-,,/l-s/
HN~

OH

c. [4-(phenylamino)-I-[2-(thiophen-2-yl)ethyl] piperidin-4-yl]
methanol,

D. N-[4-(methoxymethyl)-I-[2-(thiophen-2-yl)ethyl)
piperidin-4-yl]-N-phenylacetamide,

E. 4-(methoxymethyl)-N-phenyl-I-[2-(thiophen-2-yl)ethyl]
piperidin-a-amine,

F. N-[4-(methoxymethyl)-I-[2-(thiophen-3-yl)ethyl]
piperidin-4-yl]-N-phenylpropanamide,

lO ..... 60

60

Mobile phase B
(per cent VIl1

90 ..... 40

40

i\lobUe phase A
(per cent YM

Time
(min)

0- 15
15 - 20

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 220 run.

Injection I0 ~.

Relative retention With reference to sufentanil (retention
time = about 13 min): impurity D =about 0.85;
impurity E = about 0.9; impurity F =about 0.95;
impurity H =about 1.1.

System suitability Reference solution (a):
- resolution: minimum 4.0 between the peaks due to

impurity E and sufentanil.

Limits:
- impun"ll"es D, F, H: for each impurity, not more than the

area of the principal peak in the chromatogram obtained
with reference solution (b) (0.25 per cent);

- unspecified impurities: for each impurity, not more than
0.4 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.5 per cent);

- disregard limir. 0.2 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent),

Loss on drying (2.2.32) .
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 °C for 2 h.

A. N-[4-(methoxymethyl)piperidin-4-yl]-N­
phenylpropanamide,

G. [4-(phenylpropanoylamino)-I-[2-(thiophen-2-yl)ethyl]
piperidin-4-yl]methyl propanoate,

H. N-[4-(methoxymethyl)-I-[2-(thiophen-2-yl)ethyl]
piperidin-4-yl]-N-phenylbutanamide,
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I. tram-4-(methoxymethyl)-4-(phenylpropanoylamino)-I-[2­
(thiophen-2-yl)ethyl]piperidine l-oxide.

____________________ PhE"

Reference solution (b) Dilute 5.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Column:
- size: 1= 0.1 rn, 0 = 4.6 mm;
- stationary phase: oaadeqlsilyl silica gelfor chromQ/cgraphy R

(3 /lI11).

Mobilephase:
- mobile phase A: 5 gIL solution of ammonium carbonate R in

a mixture of 10 volumes of tetrahydro/uran Rand
90 volumes of waterR;

- mobile phase B: acetonitrile R;

PhE" _

DEFINITION
N- [4-(Methoxymethyl)-I-[2-(thiophen-2-yl)ethyl)piperidin-4­
yl)-N-phenylpropanamide citrate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Soluble in water, freely soluble in methanol, soluble in
ethanol (96 per cent).

mp
About 140°C, with decomposition.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of sufemanil citrate.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless
(2.2.2, M,liIod If).

Dissolve 0.2 g in water R and dilute t020 mL with the same
solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.
Reference solution (a) In order to produce impurity E in situ,
dissolve 10 mg of the substance to be examined in 10.0 mL
of dilute hydrochloric add R. Heat on a water-bath under a
reflux condenser for 4 h. Add 10.0 mL of dilut< sodium
hydroxide solution R. Evaporate to dryness on a water-bath.
Cool and take up the residue in 10 mL of methanol R. Filter.

lO ---> 60

60

Mobile phase B
(per cent VIJI)

90 ---> 40

40

MobUe phase A
(per cent JlIV)

Time
(min)

0-15

15 - 20

Flew rate 1.5 mUmin.

Detection Spectrophotometer at 220 nm.

Injection 10 ~L.

Relativeretention With reference to sufentanil (retention
time =about J3 min): impurity A = about 0.3;
impurity B =about 0.4; impurity I =about 0.45;
impurity C = about 0.7; impurity D = about 0.85;
impurity E = about 0.9; impurity F = about 0.95;
impurity G =about 1.05; impurity H =about 1.1.

System suitability Reference solution (a):
- resolution: minimum 4.0 between the peaks due to

impurity E and sufentanil.

Limits:
- impurities A, B~ C, D, E, F, G, H, I: for each impurity,

not more than the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.5 per cent);

- unspecified impun·tw: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(I per cent);

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent); disregard any peak with a relative
rerention with reference to sufentanil of 0.05 or less.

Loss on drying (2.2.12)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuoat 60 °C.

ASSAY
Dissolve 0.400 g in 50 mL of a mixture of I volume of
anhydrous acetic acid Rand 7 volumes of m,thyl ,liIyl ketone R
and titrate with 0.1 M perchWric acid, using 0.2 mL of
naphtholbenzein solution R as indicator.

I mL of 0.1 M perchloric acid is equivalent to 57.87 mg
of C"H,.N20 . S.

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A J B, C, D, EJ F, GJ H~ I.

60561-17-1

(~:'H
(OH

COzH

578.7C,.H"N,O,S

Action and use
Opioid receptor agonist; analgesic.

Sufentanil Citrate
(ph. Eur. monograph 1269)
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II-I030 Compressible Sugar

A. N-[4-(methoxymethyl)piperidin-4-yl]-N­
phenylpropanamide,

B. cis-4-(methoxymethyl)-4-(phenylpropanoylamino)-I-[2­
(thiophen-2-yl)ethyl]piperidine I-oxide,

C. [4-(phenylamino)-1-[2-(thiophen-2-yl)ethyl]piperidin-4-yl]
methanol,

D. N-[4-(methoxymethyl)-I-[2-(thiophen-2-yl)ethyl]
piperidin-4-yl]-N-phenylacetamide,

E. 4-(methoxymethyl)-N-phenyl-I-[2-(thiophen-2-yl)ethyl]
piperidin-4-amine,

F. N- [4-(methoxymethyl)-I-[2-(thiophen-3-yl)ethyl]
piperidin-4-yl]-N-phenylpropanamide,

2022

G. [4-(phenylpropanoylamino)-1- [2-(thiophen-2-yl)ethyl]
piperidin-4-yl]methyl propanoate,

H. N-[4-(methoxymethyl)-I-[2-(thiophen-2-yl)ethyl]
piperidin-4-yl]-N-phenylbutanamide,

I. trans-4-(methoxymethyl)-4-(phenylpropanoylamino)-I-[2­
(thiophen-2-yl)ethyl]piperidine I-oxide.

___________________ I'hE<I

Compressible Sugar
Acdon and use
Excipient.

DEFINITION
Compressible Sugar contains Sucroseand maltodextrin or
dried glucose syrup. It contains 95.0 to 98.0% of Sucrose
and 2 to 5% of dried glucosesyrup or maltodextrin. It may
contain a suitable lubricant, invert sugar or suitable colouring
matter.

CHARACTERISTICS
Dry free-flowing powderor microcrystalline agglomerates.
Very soluble in water.
Dissolve 20 g in 80 mL of waler, dilute to 100 mL with u'at.er
and filter (solution S).

IDENTIFICATION
A. The infrared absorption spearum, Appendix n A, is
concordant with the reference spectrum of compressible sugar
(RS 401).

B. The specific optical rotation of the uninverted solution
obtained in the Assay is not less than62.6 and the acid­
inverted solution is laevorotatory,

TESTS
Conductivity
Not more than 35 ~S·cm-" Appendix V O. Dissolve 31.3 g
in carlxm dioxide-free waterprepared from distilled waterand
dilute to 100 mL with thesame solvent. Measure the
conductivity of the solution (GI ) , whilegentlystirring with a
magnetic stirrer, and thatof the water usedfor preparing the
solution (Cv. The readings must bestablewithin 1%over a
period of 30 seconds. Calculate the conductivity of the
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2022 Sugar Spheres 11-1031

PhE<I _

DEFINITION
Sugar spheres contain not more than 92 per cent of sucrose,
calculated on the dried basis. The remainder consists of
maize starch and may also contain starch hydrolysates and
colour additives. The diameter of sugar spheres varies usuaUy
from 200 pm to 2000 urn and the upper and lower limits of
the size of the sugar spheres are stated on the label.

solution of the substance being examined from the expression
C,-0.35C,.

Calcium
Add 1 mL of ammonium oxalate to 5 mL of solution S.
The solution remains clear for DO[ less than 1 minute.

Lead
Not more than 0.5 ppm of Pb when determined by atomic
absorption spearomeoy, Appendix II D, Method II, using an
apparatus equipped with a graphite furnace and the following
solution. Dissolve 50 mg in 0.5 mL of lead-free niuic acid in a
polyfluorocarbon-lined digestion bomb and heat at 150 0 for
5 hours. Allow to cool and dilute to 5 mL with water.
Measure the absorbance at 283.3'nm, maintaining the drying
temperature of the furnace at 110°, the ashing temperature at
600 0 and the atomising temperature at 2100°.

Chloride
2 mL of solution S diluted [0 15 mL with watercomplies
with the limit uu for chlorides, Appendix VII (125 ppm).

Sulfate
7.5 mL of solution S diluted to 15 mL with watercomplies
with the lim,i testfor sulfaus, Appendix VII (100 ppm).

Loss on drying
When dried at 105° for 4 hours, loses 0.25 to 1.0% of its
weight. Use I g.

ASSAY
To 26 g of the substance being examined, previously dried,
add 0.3 mL of a saturated aqueous solution of leaJ(Jl) aceUlte
and 90 mL of water, shake, dilute to 100 mL with waterand
mix. Distribute evenly on the surface of a sheet of medium­
fast filter paper B g of chromatographic siliceous earth and
filter the solution with the aid of vacuum, discarding the first
20 mL of the filtrate. Transfer 25 mL of the filtrate into each
of two 50 mL flasks. Slowly add 6 mL of 2M hydrochloric acid
to one flask while rotating it, add 10 mL of water, mix, place
the flask in a water bath at 60 0

, continuously shake for
3 minutes and allow the flask to stand in the water bath for a
further 7 minutes. Immediately cool to 20 0 and dilute the
solution with water to 50 mL and mix. Cool the contents of
the second flask to 20 0

, dilute with water to volume and mix.
Maintain both flasks at 20 0 for 30 minutes. Determine the
specific opiUal rotation, Appendix V Fj of each solution at 20 0

•

Calculate the percentage of C12H2201l using the expression
100(ao _auIB8.3 where ao and aj are the specific optical
rotations of the uninverted and acid-inverted solutions
respectively.

Sugar Spheres
(Ph. Eur. monograph 1570)

Action and use
Excipient.

**** ** ** ****

IDENTIFICATION
A. Examine by chin-layer chromatography (2.2.27), using a
TLC silica gel G plate R.

Solvent mixture water R, methanolR (2:3 VIV).

Test sohuion Mix 2 mL of solution S (see Tests) with 3 mL
of methanolR and dilute to 20 mL wirh the solvent mixture.

Reference solution (a) Dissolve 10 DIg of sucrose CRS in the
solvent mixture and dilute to 20 mL with me solvent
mixture.

Reference solution (b) Dissolve 10 mg ofjrucwseR, 10 mg of
glucose R, 10 mg of lactose monohydrate R and 10 mg of
sucrose R in the solvent mixture and dilute to 20 mL with the
solvent mixture.

Apply to the plate 2 ~L of each solution and thoroughly dry
the points of application. Develop over a path of 15 em using
a, mixture of 10 volwnes of waterR, 15 volumes of
methanolR, 25 volwnes of anhydrous acetic acidRand
50 volumes of ethylene chloride R, measured accurately as a
slight excess of water causes cloudiness of the solution.
Dry the plate in a current of wann air. Repeat the
development immediately after renewing the mobile phase.
Dry the plate in a current of warm air and spray evenly with
a 5 gIL solution of thymol R in a mixture of 5 volumes of
su!/uri< acidRand 95 volumes of ethanol (96 per cenV R.
Heat at 130 °C for 10 min. The principal spot in the
chromatogram obtained with the test solution is similar in
position, colour and size to the principal spot in the
chromatogram obtained with reference solution (a). The test
is not valid unless me chromatogram obtained with reference
solution (b) shows 4 clearly separated spots.

B. To a water slurry of the insoluble portion obtained in the
assay, add 0.05 mL of iodine solution Rl. A dark-blue colour
is produced, which disappears on heating.

C. To 5 mL of solution S add 0.15 mL of freshly prepared
copper sulfatesolution Rand 2 mL of freshly prepared dilute
sodium hydroxide solution R. The solution is blue and clear
and remains so after boiling. To me hot solution add 4 mL
of dilute hydrochloric acid R and boil for I min. Add 4 mL of
dilutesodiumhydroxide solution R. An orange precipitate is
formed immediately.

TESTS
Solution S
To 0.5 g in a 100 mL volumetric flask add 80 mL of warer R
and shake until the sucrose is dissolved. Dilute to 100.0 mL
with waterR. Filter under vacuum to obrain a clear solution.

Fineness (2.9.35)
Not less than 90 per cent mlm of the sugar spheres are
between the lower and the upper limits of the size of the
sugar spheres stated on the label.

Loss on drying (2.2.32)
Maximum 5.0 per pent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 2 g.

Microbial contamination
TAMC; acceptance criterion 10' CFU/g (2.6.12).

TIMC: acceptance criterion 10' CFU/g (2.6.12).

Absence of Escherichia coli (2.6.13).

Absence of Salmonella (2.6.13).
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11-1032 Sulbactam Sodium 2022

PhE" _

____________________~ PhE"

66.5 x I x mx (100 - H)

Time MobUe phase A Moblle phase B
(mJn) (per cent VII') (per cent V/J1
0-2.0 98 2

2.0·9.5 98 --> 50 2 --> 50

9.5·12.0 '0 '0

Dissolve 1.0 g in water R and dilute to 100.0 mL with the
same solvent.

pH (2.2.3)
4.5 to 7.2; if the substance is sterile: 5.2 to 7.2.
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Specific optical rotation (2.2.7)
+ 219 to + 233 (anhydrous substance).

Dissolve 0.500 g in waler R and dilute to 50.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Solution A 2.72 gIL solution of paossium dihydrogen
phosphate R adjusted to pH 4.0 with dIlute phosphon"c acidR.

Solutio" B Dilute 2 mL of a<etonimle RI 10 100.0 mL with
solution A.
Testsolution Suspend77.0 mg of the substance to be
examined in 2 mL of acetonitrile Rt, sonicatefor about 5 min
and dilute to 100.0 mL with solutionA.
Reference solution (a) Suspend 70.0 mg of sulb<utam CRS in
2 rnLof acetonitrile Rl, sonicatefor about 5 min and dilute
to 100.0 mL with solution A.

Reference solutwn (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with solution B. Dilute J.O mL of thissolution
to 10.0 mL with solution B.
Reference solution (c) Dissolve 15.0 mg of 6-aminopenici/lani<
acidR (impurity B) in solution A and dilute to 50.0 mL with
solution A.
Reference solution (d) Mix I mL of reference solution (a)
and I mL of reference solution (c) and dilute to 25.0 mL
with solution B.
Reference solution (e) Dissolve 8 mg of sulbaaam for peak
iJenujication CRS (containing impurities A, C, D, E and F)
in 1 mL of acetonitrile Rt, sonicatefor about 5 min and
dilute to 10 mL with solutionB.

Column:
- size: 1= 0.10 m, 0 =4.0 mm,
- statwnary phase: end-capped oetadecy/si/y/ silica gelfor

chromatography R (3.0 ~m);

- temperature: 40 "C.
MoMe phase:
- mobile phase A: 5.44 gIL solution of potassium dihydrogen

phosphate R adjusted to pH 4.0 with dilute phosphor/<
acid R;

- mobile phase B: mobile phase A, acetonitrile Rl
(40:60 VIV);

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 215 om.
lnjectio» 20 tI1. of the test solution, solution B and reference
solutions (b), (d) and (e).

Identification of impurities Use the chromatogram supplied
with suibactam for peak idennJicatiotl CRS and the
chromatogram obtainedwith reference solution (e) to identify
the peaks due to impurities A, C, D, E and F; use the

69388-84-7255.2

H

o~~-><~
~s CH)

I/~
H 0 0

CJIloNNaO,S

Action and use
Beta-Iactam antibacterial.

DEFINITION
Sodiwn (2S,5R)-3,3-dimethyl-7-oxo-4-thia-I-azabicyclo
[3.2.0]heplane-2-carboxylale 4,4-dioxide.

Semi-synthetic product derived from a fermentation product.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, hygroscopic, crystalline powder.

Solubility
Freelysoluble in water, sparingly soluble in ethyl acetate,
very slightly soluble in ethanol (96 per cent). It is freely
soluble in dilute acids.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sulbactam sodium CRS.
B. It gives reaction (a) of sodiwn (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 2.0 g in water R and dilute to 20 mL with the same
solvent.

Absorbance (2.2.25)
Maximwn 0.10 at 430 nm.

ASSAY
Sucrose content
Weigh 10.000 g of ground sugar spheres in a 100 mL flask
and make up to 100.0 mL withwater R. Stir and decant.
Filterunder vacuum to obtaina clearsolution (the insoluble
portion is used for identification test B). Measure the angle
of optical rotation (2.2.7) and calculate the sucrose
percentage content using the following expression:

(ph. Bur. monograph 2209)

Sulbactam Sodium

LABELLING
The label states the upperand the lowerlimits of the size of
the sugar spheres.

11 angle of rotation;
lengthof me polarimeter tube, in decimetres;

", exact mass of thesample. in grams;
H loss on drying.
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chromatogram obtained with reference solution (d) to
identify the peak due to impurity B.

Relative retention With· reference to sulbactam (retention
time == about 3 min): impurity A == about 0.4;
impurity B == about 0.7; impurity C =about 2.3;
impurity D = about 3.1; impurity E == about 3.3;
impurity F == about 3.9.

System suieab/7ity Reference solution (d):
- resolution: minimwn 5.0 between the peaks due to

impurity Band sulbactam.

Colcukuion of percentage contents:
- correction faaon: multiply the peak -areas of the following

impurities by me corresponding correction factor:
impurity A =0.6; impurity B =0.5; impurity D =0.5;
impurity F == 0.6;

- for each impurity, use the concentration of sulbaetam in
reference solution (b).

Limits:
- impun"cy A: maximum 0.5 per cent;
- impurities C, E: for each impurity, maximum 0.2 per cent;
- impurities B, D, F: for each impurity, maximum

0.1 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- 1010/: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

2-Ethylhexanoic acid (2.4.28)
Maximum 0.5 per cent m/m.

Water (2.5.12)
Maximum 1.0 per eerie-determined on 1.00 g.

Bacterial endotoxin. (2.6.14, Method A)
Less than 0.17 IU/mg, if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of CsHu)NNa05S taking
into account the assigned content of sulbaaam CRS and a
conversion factor of 1.094.

STORAGE
In an airtight container. If the substance is sterile, store in a
sterile, the container is also sterile and tamper-evident.

IMPURITIES
Specified impurities A, B, C) D, E, F.
Otherdetectable impurities (thefollowing substances would, if
present at a safficienc leud, bedetected by oneorotherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impuruies andior by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not neussary to idenlify these impurities for
demonstration of compliance. See also 5.JO. Control of impun·ties
in substances for pharmoceuccal use) G.

A. (2S)-2-amino-3-methyl-3-sulfinobutanoic acid,

Sulbactam Sodium 11-1033

B. (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]heptane-2-earboxylic acid
(6-aminopenicillanic acid),

H

O++Xc~:,
Br···· '><CH3S,

H H 6"0

C. (2S,5R,6R)-6-bromo-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide
(6-bromopeniciUanic acid sulfone),

H

O)--~Xc~:,
Br'··-H-s.xCH3

H H

D. (2S,5R,6R)-6-bromo-3,3-dimethyl-7-oxo-4-thia-i­
azabicyclo[3.2.0]heptane-2-earboxylic acid
(6-bromopenicillanic acid),

E. (2S,5R)-6,6-dibromo-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]heptane-2-earboxylic acid 4,4-dioxide
(6J 6-dibromopenicillanic acid sulfone),

Ho )(C~H

-)--t;l'" )<CH3

ar-ti-s CH3

'" H

F. (2S,5R)-6,6-dibromo-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]heptane-2-earboxylic acid (6,6­
dibromopenicillanic acid),

G. (2S)-2-[[(2E)-2-earboxyethenyl]amino]-3-methyl-3­
sulfinebutanoic acid.

_____________________ POE"
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II-I034 Sulfacetamide Sodium

Sulfacetamide Sodium
Soluble Sulfacetamide

(Ph. Eur. monograph 0/07)

, "'0

C,HoN,NaO,S,H,O 254.2

Action and use
Sulfonamide antibacterial.

PhE.. _

DEFINITION
Sodium acetyl[(4-aminophenyl)sulfonyl]azanide
monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor yellowish-white, crystalline powder.

Solubility
Freelysoluble in water, slightly soluble in anhydrous ethanol.

IDENfIFICATION
Fi"t identification: B, F.
Second identification: A, C, E, F.
A. Ultraviolet and visibleabsorption spectrophotometry
(2.1.25).

Testsolution Dissolve 0.1 g in phosphate buffer solution
pH 7.0 R and dilute to 100.0 mL with the same buffer
solution. Dilute 1.0 mL of this solution to 100.0 mL with
phosphate buffer solution pH 7.0 R.
Spectrol range 230-350 om.

Absorption maximum At 255 om.

Specific absorbance at the absorption maximum 660 to 720
(asthydrous substance).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sulfacetamide sodium CRS.
C. Melting point (2.2.14): 181 "C to 185 "C.

Dissolve 1 g in 10 mL of waterRJ add 6 mL of dilute acetic
acid R and filter. Wash the precipitate with a smaU quantity
of waterR and dry at 100-105 "C for 4 h.

E. Dissolve about 1 mg of the precipitate obtained in
identification C, with heating) in 1 mL of warer R.
The solution gives the reaction of primary aromatic amines
(2.3.1) with formation of an orange-red precipitate.j

F. SolutionS (see Tests) gives the reactions of sodium
(2.3.1).

TESTS
Solution S
Dissolve 1.25 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent.

Appearance of solution
SolutionS is clear(2.2.1) and not moreintensely coloured
thanreference solution GY4 (2.2.2, iWethod II).

pH (2.2.3)
8.0 to 9.5 for solution S.

2022

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before useand carry out the testpraeaed from light.
Testsolution Dissolve 0.200 g of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobilephase.
Reference solutio" (a) Dissolve 5 mg of sulfacetamide
sodium CRS and 5 mg of sulfanilamide R (impurity A) in
1.0 mL of the mobile phase.

Reference ,olutio" (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Column:
~ size: 1= 0.125 m, 0 =4 mrn;
- stationary phase: end-copped oetadecylsilyl silica gelfor

chromatography R (5 urn).

Mobile phase g/adal aceti« add R) methanol R, waterfor
chromatography R (1:10:89 VIVW).

Flow rate 0.8 mUmin.

Deuaion Spectrophotometer at 254 om.

lnj«tion 10 ~L.

Run time 7 times the retention time of sulfacetamide.
Relative retention With reference to sulfacetamide (retention
time =about 5 min): impurity A =about 0.5.

System su;tabl1ity Reference solution (a):
~ resolution: minimum 5.0 betweenthe peaks due to

impurity A and sulfacetamide.
Limits:
- correaion faaor: for the calculation of the content, multiply

the peak area of impurity A by 0.5;
- impurity A: not more than twice the area of the principal

peakin the chromatogram obtained with reference
solution (b) (0.2 per cent);

- unspecified ;mpun'ties: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent); .

- total: not more than 5 times the area of theprincipal peak
in the chromatogram obtainedwith reference solution(b)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Sulfates (2.4.13)
Maximum 200 ppm.

Dissolve 2.5 g in dis,,7led waterR and dilute to 25 mL with
the same solvent. Add 25 mL of dilute acetic acid R, shake for
30 min and filter. 15 mL of the filtrate complies with the
limit test for sulfates.

Water (2.5.12)
6.0 percent to 8.0 per cent, determined on 0.200 g.

ASSAY
Dissolve 0.500 g in a mixrure of 50 mL of waterRand
20 mL of dilute hydrochlori< acid R. Cool the solution in a
bathof iced water and carry out the determination of
primary aromatic amino-nitrogen (2.5.8), determining the
end-point eleetrometrically.
1 mL of 0.11\1 sodium nitrite is equivalent to 23.62 mg
of C,H.N2NaO,S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.
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2022 Sulfadiazine II-I035

A. 4-aminobenzenesulfonamide (sulfanilamide),

Solubility
Practically insoluble in water, slightly soluble in acetone, very
slightly soluble in ethanol (96 per cenr), It dissolves in
solutions of alkali hydroxides and in dilute mineral acids.

IDENTIFICATION
Firs< identification: A.
Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.U).

Comparison sulfadiazine CRS.
B. Thin-layer chromatography (2.2.27).

Solventmixture concentrated ammonia RJ methanol R
(4:96 VflI)

Testsolution Dissolve 20 mg of the substance to be
examined in 3 mL of the solvent mixture and dilute to
5.0 mL with the solvent mixture.

Reference solution Dissolve 20 mg of sulfadiazine CRS in
3 mL of the solvent mixture and dilute to 5.0 mL with the
solvent mixture.

Plate TLC silica gelF254 plateR.
Mobile phase df1uu ammonia R1,water R, nitromethane R,
dioxan R (3:5:40:50 VIVIVIV).

Application 5 ~L.

Development Over 314 of the plate.

Drying At 105 "C.

Detection Examine in ultraviolet light at 254 nm.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

C. Place 3 g in a dry tube. Immerse the lower part of the
tube, inclined at 45°, in a silicone oil bath and heat to about
270°C. The substance to be examined decomposes and a
white or yellowish-white sublimate is formed, which, after
recrystallisation from toluene R and drying at 100 "C, melts
(2.2.14) at 123"C to 127 "C.

D. Dissolve about 5 mg in 10 mL of a 103 gIL solution of
hydro<hloric add R. Dilute I mL of the solution to 10 mL
with waterR. The solution, without further acidification,
gives the reaction of primary aromatic amines (2.3.1).

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution Y" BY, or GYs (2.2.2, Melhod II').

Dissolve 0.8 g in a mixture of 5 mL of dilute sodium hydroxide
solution R and 5 mL of waterR.

Acidity
To 1.25 g, finely powdered, add 25 mL of carban dioxide-free
waterR. Heat at about 70°C for 5 min. Cool in iced water
for about 15 min and filter. To 20 mL of the filtrate add
0.1 mL of bromothymol blue solutian RI. Not more than
0.2 mL of 0.1 M sodium hydroxide is required to change the
colour of the indicator.

Related substances
Liquid chsomatography (2.2.29).

Solventmixture 40 gIL solution of sodium hydroxide R,
acetonitrile R, water R (2:20:60 VIVIV).

Testsolution Dissolve 50.0 mg of the substance to be
examined in me solvent mixture and dilute to 100.0 mL with
waterR.

Reference solution (a) Dissolve 5.0 mg of sulfadiazine
impurity A CRS and 5.0 mg of sulfanilic aridRV (impurity B)

68-35-9

**** ** ** ****

250.3

00 N:)
\\ II I I

D
s' ~I ~ N

H,N ""-

Sulfadiazine
(Ph. EUT. monograph 0294)

Other detectable impurities (the following substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in themonograph. They are limitedby the general acceptance
criterion for otherhmspecified impurities and/orby thegeneral
monograph Substances for pharmaceuticaluse (2034). It is
therefore not neassary to identify these impun"/ies for
demonstration of complianu. See also5.10. Control of impurities
in substances forpharmaceutical use) B, C, D.

D. 4,4'-sulfonyldianiline (dapsone).

C. N-[[4-(acetylamino)phenyl]sulfonyl]acetamide,

B. N-(4-sulfumoylphenyl)acetamide,

____________________ PhE"

PhE" _

Action and use
Sulfonamide antibacterial.

Preparation
Sulfadiazine Injection

DEFINITION
4-Amino-N-(pyrimidin-2-yl)benzenesulfonamide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White, yellowish-white or pinkish-white, crystalline powder or
crystals.
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11-1036 Sulfadiazine

in the solvent mixture and dilute to 10.0 mL with water R.
Dilute 1.0 mL of the solution to 100.0 mL with the mobile
phase. Dilute 3.0 mL of this solution to 10.0 mL with the
mobiJe phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve the contentsof a vial of
Il«ly/suifadiazine CRS (impurity E) in 1 mL of the mobile
phase.

Reference sdution (d) Dissolve 5 mg of sulfadiazine fOT
identification of impurityF GRS in the solventmixture and
dilute to 10.0 mL with water R.

Column:
- size: 1::::;; 0.25 m, 0 ;;;; 4.6 mID;
- statiollary phase: octadecylsilyl silica gelfor chromatography R

(5 pm).

Mobile phase acetonitrile R, 2.8 yJL solution of phosphoric
acidR (10:90 VW).
Flow rate 1.2 mIlrnin.

Detection Spectrophotometer at 260 nm.

Injection 20~.

Run time 7 times the retention time of sulfadiazine.
Identification of impurili'es Use the chromatogram obtained
with reference solution (a) to identify the peaks due to

impurities A and B; use the chromatogram obtained with
reference solution (c) to identify the peakdue [0 impurity H;
use the chromatogram obtainedwith reference solution (d) to
identify the peak due to impurity F.
Relative retention Wilh reference to sulfadiazine (retention
time = about 8.5 min): impurity A = about 0.26;
impurity B =about 0.30; impurity E =about 2.1;
impurity F = about 6.0.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities A and B.
Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity E by 0.7;
- impurities A, B: for each impurity, not more than the area

of the corresponding peak in the chromatogram obtained
with reference solution (a) (0"3 per cent);

- impuniy E: not more than twice the area of the principal
peakin the chromatogram obtained with reference
solution (b) (0.2 per cent);

- impun"ly F: not more than 1.5 timesthe area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.05 per cent);

- total: maximum 0.5 per cent;
- disregard limit, 0.3 times the area of the principal peakin

the chromatogram obtainedwith reference solution (b)
(0.03 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

2022

ASSAY
Dissolve 0.200 g in a mixture of 20 mL of dUu" hydrochloric
acid R and SO mL of water R. Cool the solutionin iced
water. Carry out the determination of primary aromatic
amino-nitrogen (2.5.8), determining the end-point
electrometrically.
I mL of 0.1 M sodium nitrite is equivalent to 25"03 rng of
C,oH.oN.O,S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, E, F.
Otherdete<Ulbie impun;;" (the followJng subsUlnces would, if
present at a sufficienclevel, be detected by oneor other of the tests

in the monograph. They are limited by thegeneral a«epumce
cruetion for ocher/unspecified impwlties andJor by thegeneral
monograph Substances for pharmaceutical use (2034). lt is
therefore not necessary zc identify these impun"ties for
demonstration of compliance. Seealso5.10. Control of impurities
in substances for pharmaceutical use) G} D"

A. pyrimidin-2-amine,

I""'ySo,H
H,N~

B. 4-aminobenzenesulfonic acid (sulfanilic acid),

C. [(4-aminophenyl)sulfonyl]guanidine (sulfaguanidine),

D.4-aminobenzenesulfonamide (sulfanilamide),

E. N-[4-(Pyrimidin-2-ylsulfamoyl)phenyl]acetamide
(acetylsuifadiazine),

F. unknown structure.
_______~ PhE"'
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Sulfadimethoxin
(ph. Eur. monograph 2741)

310.3 122-11-2

- temperawre: 25 °C.
Mobile phase:
- mobile phaseA: methanol R, solution A (25:75 VW);
- mobile phase B: methanol RJ acetonitrile RJ solution A

(25:35:40 VIVW);

Time M.obile phase A M.obile phase B
(min) (per cent VIJI) (per cent VIl')

0-10 100 0

10 - 30 100 --> 0 0-->100

30 - 35 0 '00

Action and use
Sulfonamide antibacterial.

PhE" _

bEFINITION
4-Amino-N-(2,6-dimethoxypyrimidin-4-yl)benzene-l­
sulfonamide.

Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Snlubility
Practically insoluble in water, slightly soluble in methylene
chloride, very slightly soluble in ethanol (96 per cent).

It is freely soluble in dilute sodium hydroxide and sparingly
soluble in dilute hydrochloric acid.

mp
197 "C to 202 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sulfadimethoxine CRS.

TESTS
AcIdity
Suspend 0.5 g in 25 mL of carbon dioxide-free waterR. Heat
the suspension at 70 °C for 5 min, cool quickly to room
temperature and filter. Not more than 0.1 mL of 0.1 M
sodium hydroxide is required to reach pH 7.0.

Related substances
Liquid chromatography (2.2.29).

Solution A Dissolve 6.0 g of sodium dihydrogen phosphate R
in 950 mL of waterfor chromatography R, adjust to pH 7.0
with dilute sodium hydroxide solution R and dilute to 1000 mL
with water for chromatography R.
Testsolution Dissolve 20.0 mg of the substance to be
examined in 25 mL of methanol R and dilute to 100.0 mL
with solutionA.
Reference solution (a) Dissolve 20.0 mg of
sul/adimethoxine CRS in 25 mL of methanol R and dilute to
100.0 mL with solution A.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobilephase A.
Reference solution (c) Dissolve 4 mg of sulfadimethoxine for
peak identification CRS (containing impurities A and F) in
5 mL of methanol R and dilute to 20 mL with solution A.

Column:
- size: / = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped ethylene-bridged octodecylsilyl

silica gelfor chromatography (hybrid material) R (5 lIJD);

Flow rate 1.0 mllrnin.
Detection Spectrophotometer at 254 run.

Injection 10 pL of the test solution and reference
solutions (b) and (e).

klemifiauion of impurities Use the chromatogram supplied
with sul/adimethoxine for peak identification CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaksdue to impurities A and F.
Relative retention With reference to sulfadimethoxine
(retention time =about 11 min): impurity F =about 0.4;
impurity A =about 1.2.

System suitabili~:

- resolution: minimum 2.5 between the peaks due to
sulfadimethoxine and impurity A in me chromatogram
obtainedwith reference solution (c);

- signal-to-noise ratio: minimum40 for the principal peakin
me chromatogram obtained with reference solution (b).

Cakulation 0/percentage contents:
- correction facum: multiply the peakareas of the following

impurities by the corresponding correction factor:
impurity A = 1.4; impurity F = 1.7;

- for each impurity, use the concentration of
sulfadimethoxine in reference solution (b).

Limits:
- impurities A, F: for each impurity,

maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximwn 0.5 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximum0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (a).
Calculate the percentage content of CI2H14N..O..S taking
into account the assigned contentof su/fadimethoxine CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, F.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneorother of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or Iry the general
monograph Substances for pharmaceutical use (2034). It is
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DEFINITION
Sulfadoxine contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of 4-amino-N­
(5,6-dimethoxypyrimidin-4-yl)benzenesulfonamide, calculated
with reference to the dried substance.

PhE/JI ~ _

CHARACTERS
White or yellowish-white crystalline powder or crystals, very
slightly soluble In water, slightly soluble in alcohol and in
methanol. It dissolves in solutions of alkali hydroxides and in
dilute mineral acids.

It melts at about 198 °CJ with decomposition.

IDENTIFICATION
First identification: A, C.

S~d identification: B, C, D.

A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with me spectrum obtained with
sulfadoxine CRS. Examine the substances prepared as discs.

B. Examine me chromatograms obtained in the test for
related substances. The principal spot in me chromatogram
obtained with test solution (b) is similar in position and size
to the principal spot in the chromatogram obtained with
reference solution (a).

C. Dissolve 0.5 g in I mL of a 40 per cent VIV solution of
sulfunc acid R, heating gently. Continue heating until a
crystalline precipitate appears (about 2 min). Allow to cool
and add 10 mL of dilure sodium hydroxide sdtuion R. Cool
again. Add 25 mL of ether R and shake for 5 min. Separate
the ether layer, dry over anhydrous sodium sulfateR and filter.
Evaporate the solvent by heating in a water-bath. The residue
melts (2.2.14) at 80 -c to 82 -c or at 90 -c to 92 'C.

D. Dissolve about 5 mg in 10 mL of 1 M hydrochlori< acid.
Dilute J mL of the solution to 10 mL with waterR.
The solution, without further acidification, gives the reaction
of primary aromatic amines (2.3.1).

TESTS
Appearance of solution
Dissolve 1.0 g in a mixture of 5 mL of duu.. sodium hydroxide
solution Rand 5 mL of waterR. The solution is not more
intensely coloured than reference solution Y5J BY5 or GYs
(2.2.2, MethodII).

Acidity
To 1.25 g, finely powdered, add 25 mL of corbon dioxide-free
water R. Heat at 70°C for 5 min. Cool in a bath of iced
water for about 15 min and filter. To 20 mL of the filtrate
add 0.1 mL of bromothymol blue solulion R1. Not more than
0.2 mL of 0.1 AI sodium hydroxide is required to change the
colour of the indicator.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gelGF254 R as the coating substance.

Test solution (a) Dissolve 0.10 g of the substance to be
examined in 3 mL of a mixture of 2 volumes of concentrated
ammonia R and 48 volumes of methanol R and dilute to 5 mL
with the same mixture of solvents.

resl solulion (b) Dilute I mL of test solution (a) to 5 mL
with a mixture of 2 volumes of concentrated ammonia Rand
48 volumes of methanol R.
Reference sdution (a) Dissolve 20 mg of suljadoxine CRS in
3 mL of a mixture of 2 volwnes of concentrated ammonia R
and 48 volumes of methanol R and dilute to 5 mL with the
same mixture of solvents.

2447-57-6310.3

there/ore not neassary10 identify these impurities for
demonstration of compliance. See also 5.10. Control 0/impurities
in substances for pharmaceutical use) B-1 C, D, E.

B. N-[4-[(2,6-dimethoxypyrimidin-4-yl)sulfamoyl]
phenyl]acetamide,

A. 2,6-dlmethoxypyrimidin-4-amine,

C. 4-(acetylamino)benzene-l-sulfonic acid,

D. 4-aminobenzene-I-sulfonic acid (sulfanilic acid),

E. 4-aminobenzene-l-sulfonamide (sulfanilamide),

F. 4-amino-N-(2-hydroxy-6-methoxypyrimidin-4-yl)benzene­
l-sulfonamide.

Sulfadoxine

__________________ f'h81

(Ph. Bur. monograph 0740)

Action and use
Sulfonamide anubacterial.

www.webofpharma.com
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PhE" _

_____________________ PhE"

B. Examine the chromatograms obtained in the test for
related substances. The principal spot in the chromatogram
obtained with test solution (b) is similar in position and size
(Q the principal spot in the chromatogram obtained with
reference solution (a).

C. To 0.5 g add I mL of a 40 per cent VIV solution of
sulfuric acidR and heat over a low flame to dissolve.
Continue heating until a crystalline precipitate appears (about
2 min). Allow to cool and add 10 mL of dilute sodium
hydroxide solution R. Cool. Shake the solution for 5 min with
25 mL of ether R. Separate the ether layer, dry over
anhydrous sodium sulfau R and filter. Evaporate the solvent by
heating on a water-bath. The residue melts (2.2.14) at
119"C to 123 "C.

D. Dissolve about 5 mg in 10 mL of 1 M hydro<hloric acid.
Dilute 1 rnL of the solution to 10 mL with water R.
The solution, without further acidification, gives the reaction
of primary aromatic amines (2.3.1).

TESTS
Appearance of solution
Dissolve 0.4 g in a mixture of 5 mL of dilute sodium hydroxide
solution Rand 5 mL of waterR, with gently warming if
necessary. The solution is not more intensely coloured than
reference solution Y6, BY6 or GY6 (2.2.2, MethodIf).

Acidity
To 1.25 g, finely powdered, add 25 mL of carbon dioxide-free
waterR. Heat at 70 °C for 5 min. Cool in iced water for
about 15 min and filter. To 20 mL of the filtrate add 0.1 mL
of bromothymol bluesolution RI. Not more than 0.2 mL of
0.1 M sodium hydroxide is required to change the colour of
the indicator.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gel GF254 R as the coating substance.

Test sduuon (a) Dissolve 0.10 g of the substance to be
examined in 3 mL of a mixture of 2 volumes of concentrated
ammonia Rand 48 volumes of methanol R and dilute to 5 mL
wiili the same mixture of solvents.

rest solution (b) Dilute I mL of test solution (a) to 5 mL
with a mixture of 2 volumes of concentrated ammonia Rand
48 volwnes of me/hanoi R.
Ref.....cesolution (a) Dissolve 20 mg of sulfajurazole CRS in
3 mL of a mixture of 2 volumes of concentrated ammonia R
and 48 volumes of methanol R and dilute to 5 mL with the
same mixture of solvents.

Reference solution (b) Dilute 1.25 mL of test solution (b) to
50 rnL with a mixture of 2 volumes of concentrated
ammonia Rand 48 volumes of methanol R.

Apply to the plate 5 J1Lof each solution. Develop over a
path of 15 crn using a mixture of 1 volume of concentrated
ammonia R, 25 volumes of methanol Rand 75 volumes of
methylene chloiide R. Dry the plate at 100"C to 105 "C and
examine in ultraviolet light at 254 om. Any spot in the
chromatogram obtained with test solution (a), apart from the
principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (b)
(0.5 per cent).

Loss on drying (2.2.32)
NO[ more than 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 °C.

Sulfated ash (2.4.11)
Not more than 0.1 per cent, determined on 1.0 g.

127-69-5267.3CIlHIJN,O,S

(Ph. Eur. monograph 0741)

Action and use
Sulfonamide antibacterial.

CHlmACTERS
Whit~ or yellowish-white, crystalline powder or crystals,
practically insoluble in water, sparingly soluble in alcohol.
slightly soluble in methylene chloride. It dissolves in solutions
of alkali hydroxides and in dilute mineral acids.

It melts at about 197 "C, with decomposition.

IDENTIFICATION
First identification: A, C.

Secondidentification: B~ C~ D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
suljajurazole CRS. Examine the substances prepared as discs.

Reference solution (b) Dilute 2.5 mL of test solution (b) to
100 mL with a mixture of 2 volumes of concentrated
ammonia Rand 48 volumes of methanol R.

Apply to the plate 5 ul, of each solution. Develop over a
path of IS em using a mixture of 3 volumes of dilute
ammonia Rl, 5 volwnes of waterR, 40 volumes of
nitromethane Rand 50 volumes of dioxan R. Dry the plate at
100 "C to 105 "C and examine in ultraviolet light at 254 run.
Any spot in the chromatogram obtained with test
solution (a), apart from the principal spot, is not more
intense than the spot in the chromatogram obtained with
reference solution (b) (0.5 per cent).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 °C.

Sulfated ash (2.4.11)
Not more than 0.1 per cent, derermlned on 1.0 g.

ASSAY
Carry out me determination of primary aromatic amino­
nitrogen (2.5.8), using 0.250 g and determining the
end-point electrometrically.

I mL of 0.1 M sodium ninite is equivalent to 31.03 mg of
C.zH•.,}j.O.S.

STORAGE
Store protected from light.

Sulfafurazole

DEFINITION
Sulfafurazole contains not less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of 4-amino-N­
(3,4-dimethylisoxazol-5-yl)benzenesulfonamide, calculated
with reference to the dried substance.
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about 15 min, filter and dilute to 50 mL with carbon dioxide­
free water R.

Acidity
To 20 mL of solution S, add 0.1 mL of bromothymol blue
solution R1. Not more than 0.2 mL of 0.1 M sodium hydroxide
is required (0 change the colourof the indicator.

Related substances
Examine by thin layer chromatography (2.2.27), using a
TLC silica gelOF2s• plaleR.
Test solution (a) Dissolve 50 mg of the substance to be
examinedin acetone R and dilute 10 5 mL with the same
solvent.
Testsolution (b) Dilute 2 mL of test solution (a) to 10 mL
with acetone R.
Reference solution (a) Dissolve 10 mg of sul/aguanidine CRS
in acetone R and dilute to 5 mL with the same solvent.
Reference solution (b) Dilute 5 mL of test solution (b) to
200 mL with cu:etone R.

Reference solution (c) Dilute 5 mL of reference solution (b)
to 10 mL with acetone R.

Reference solution (d) Dissolve 10 mg of sul/anilamide R in
test solution (b) and dilute to 5 mL with the same solution.
Apply to the plate 10 J.lL of each solution. Develop over a
path of 15 em using a mixture of 10 volumes of anhydrous
lonnie acid R, 20 volumes of methanol Rand 70 volumes of
methylene chloride R. Allow the plate to dry in airand examine
in ultraviolet light at 254 om. Any spot in the chromatogram
obtainedwith test solution (a), apart from the principal spot,
is not more intense than the spot in the chromatogram
obtainedwith reference solution (b) (0.5 per cent) and at
most one such spot is more intense than the spot in the
chromatogram obtainedwith reference solution (e)
(0.25 per cent). The test is not valid unless the
chromatogram obtainedwith reference solution (d) shows
two clearly separated principal spots.

Loss on drying (2.2.32)
Not more than 8.0 per cent, determined on 1.000 g by
drying in an oven at 105°C.

Sulfated ash (2.4.14)
Not more than0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.175 g in 50 mL of dilule hydrochloric acid R. Cool
the solution in iced water. Carry out the determination of
primary aromatic amino-nitrogen (2.5.8), determining the
end-point electrometrically,

1 mL of 0.1 M sodium nitrite is equivalent to 21.42 mg
of G,HION.02S.

STORAGE
Store protected from light.

IMPURITIES.

A. 4-aminobenzenesulfonamide (sulfanilamide),

57-67-0214.3

Action and use
Sulfonamide antibacterial.

(Ph. Euy. monograph 1476)

DEFINITION
Sulfaguanidine containsnot less than 99.0 per cent and not
more than the equivalent of 101.0 per cent of
(4-aminophenylsulfonyl)guanidine, calculated with reference
to the dried substance.

CHARACTERS
A white or almost white, fine crystalline powder, veryslightly
soluble in water, slightly soluble in acetone, very slightly
soluble in ethanol (96 per cent), practically insoluble in
methylene chloride. It dissolves in dilute solutions of mineral
acids.

PhE" _

IDENTIFICATION
First identification: A, B.
Secondidentification: A, C, D, E.
A. Melting point (2.2.14): 189 °C to 193 °C, determined on
the dried substance.
B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
sulfaguanidine CRS.
C. Examine the chromatograms obtained in the test for
related substances. The principal spot in the chromatogram
obtained with test solution (b) is similar in positionand size
to the principal spot in the chromatogram obtained with
reference solution (a).
D. Dissolve about 5 mg in 10 mL of 1 M hydrochloric acid.
Dilute I mL of the solution to 10 mL with waterR.
The solution, without further acidification) gives the reaction
of primary aromatic amines (2.3.1).

E. Suspend 0.1 gin 2 mL of waterR, add I mL of
fl.-naphthol solution Rand 2 mL of a mixture of equalvolumes
of waleY R andSlrongsodium hyJxxhlon'le solution R. A red
colour develops.

TESTS
Solution S
To 2.5 g, add 40 mL of carbon dioxide-free waterR. Heat at
about 70°C for 5 min. Cool while stirring in iced water for

SUlfaguanidine

________~ PhE"

ASSAY
Dissolve 0.200 g in 50 mL of acetone R. Titrate with 0.1 M
tetrabutylammonium hydroxide using a 4 gILsolutionof
thymol blue R in methanol R as indicator.
1 mLof 0.1 ~l tetrabutylammonium hydroxide is equivalent
to 26.73 mg ofCIlH13N,O,S.

STORAGE
Store protected from light.
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Pl>E" _

_____________________ PI>E"

Time Mobile phase A Mobile phase B
(min) (per cent VIV) (per cent JlIV)

o ~ 20 100 0

20 - 40 100 ---> 30 0--->70

40 - 45 30 70

Detection B Spraywith a 40 gIL solution of copper acetate R
and examine in daylight.
Results B The principal spot in the chromatogram obtained
with the test solution is similarin colour to the principal spot
in the chromatogram obtained with the reference solution.

TESTS
Appearance of solution
The solution is not more intenselycoloured than reference
solution Y" BY, or GY, (2.2.2, Mechod 11).
Dissolve 1.0 g in a mixture of 5 mL of dilute sodium hydroxide
solution Rand 5 mL of water R.

Acidity
To 1.25 g add 25 mL of carban dioxide-free water R and heat
at 70°C for 5 min. Cool for about 15 min in iced water and
filter. To 20 mL of the filtrate add 0.1 mL of bromothymol
bluesolution R1. Not more than 0.5 mL of 0.1 kf sodium
hydroxide is required to change the colour of the indicator.

Related substances
Liquid chromatography (2.2.29).

Solventmixture methanol R, waterR (15:85 VIII).
Testsolution Dissolve 20.0 mg of the substance £0 be
examined in 1 mL of methanol RJ sonicate if necessary and
dilute to 20.0 mL with the solvent mixture.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with me solvent mixture.
Reference solution (b) Dissolve 2 mg of su{famelhizok for
system suitability CRS (containing impurities B, C and D) in
0.1 mL of methanol RJ sonicate if necessary and dilute to
2 mL with the solventmixture.
Column:
- size: 1= 0.25 ffi, 0 = 4.6 mm;
- stationary phase: end-capped octade<ylsi!Yl silica gelfor

chromatography compatible with 100 per cent aqueous mobile
phases R (5 urn);

- temperature' 30 "C.

Mobile phase:
- mobile phase A: acetic add RJ methanol R, waterfor

chromawgraphy R (1:14:85 VIVIII);
- mobile phaseB: acetic acidR, methanol R (1:99 VIII);

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 254 nm.
Injection 20 1'1-.
Identification of impurities Use the chromatogram supplied
with sulfamethizole for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, C and D.
Relative retention With reference to sulfamethizole (retention
time =about 17 min); impurity B =about 0.23;
impurity C = about 0.24; impurity D = about 1.9.
System mitability Reference solution (b):
- resolution; minimum 1.5 between the peaks due to

impurities Band C.

**** ** ** ****

144-82-1270.3

Sulfamethizole
(Ph. Bur. monograph 0637)

Action and use
Sulfonamide antibacterial.

B. N-[(4-aminophenyl)sulfonyljurea (sulfacarbamide).

DEFINITION
4-Amino-N-(5-methyl-I,3,4-thiadiazol-2-yl)benzene-l­
sulfonamide.

Content
99.0 per cent to 101.0 per cent (dried substance),

CHARACTERS
Appearance
Whiteor yellowish-white, crystalline powder or crystals,

Solubl1lty
Veryslightly soluble in water, soluble in acetone, sparingly
soluble in ethanol (96 per cent). It dissolves in dilute
solutions of alkali hydroxides and in dilutemineral acids.

mp
About 210 "C.

IDENTIFICATION
First identification: A.
Second identification: B.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison su/famethizole CRS.
B. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 30 mg of the substance to be
examined in acetone R and dilute to 3 mL with the same
solvent.

Reference solut;"n Dissolve 30 mg of su/famethizole CRS in
acetone R and dilute to 3 mL with the same solvent.
Plate TLC silica gelF254 plateR.

Mobile phase mechanol R, methylene chloride R (15:85 VIII).
Application 2 JIL; the volume may be adapted based on the
type of plate used. .

Development Over 314 of the plate.

Drying At 100-105 "C.

Detection A Examine in ultraviolet light at 254 run.

Results A The principal spot in the chromatogram obtained
with the test solution is similarin position and size to the
principal spot in the chromatogram obtained with the
reference solution.
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!'hE" _

**** ** ** ****

723-46-6253.3

Action and use
Sulfonamide antibacterial.

Preparations
Co-ttimoxazole Infusion
Co-trimoxazole Oral Suspension
Paediatric Co-trimoxezole Oral Suspension
Co-trimoxazole Tablets
Co-rrimoxaaole Dispersible Tablets
Paediatric Co-trimoxazole Tablets

Sulfamethoxazole
(Ph. Eur. monograph 0108)

DEFlNfTION
4-Amino-N-(5-methylisoxazol-3-yl)benzenesulfonamide.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite) crystalline powder.

SolublIlty
Practically insoluble in water, freely soluble in acetone,
sparingly soluble Inethanol (96 per cent). It dissolves in
dilutesolutions of sodium hydroxide and in dilute acids.

IDENTIFICATION
Firstidentification: A, B.
Second identification: A, C, D.

A. Melting point (2.2.14): 169'C to 172 'C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sulfamethoxozole CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in 3 mL of a mixture of 2 volumes of concentrated
ammonia Rand 48 volumes of methanol R and dilute to 5 mL
with the same mixture of solvents.
Reference Sol.,ion Dissolve 20 mg of sul/amethoxazole CRS in
3 mL of a mixture of 2 volwnes of concentrated ammonia R
and 48 volumes of methanol R and dilute to 5 mL with the
same mixture of solvents,
Plate TLC silica gelF254 plate R.
klohile phase dilute ammonia RJ, waterR, niuomethane R)
dioxan R (3:5:41:51 VIVIV/V).
Application 5 ~L.

Development Over 3/4 of the plate.

Drying At 100-105 'C.

Detection Examine in ultraviolet light at 254 run.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.

Calculation 0/percentage contents:
- correction factor: multiply the peakarea of impurity D by

1.4;
- foreach impurity, use the concentration of sulfamethizole

in reference solution (a).
Limits:
- impun"ty D: maximum 0.2 per cent;
- unspecified impurities: for each impurity, maximum

0.10 percent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Carry out the determination of primary aromatic amino­
nitrogen (2.5.8), using 0.2500 g and determining the
end-pointelectrometrically.
1 mL of 0.1M sodium niln"u is equivalent to 27.03 mg of
C.H,oN.02S2'

STORAGE
Protected from light.

IMPURITIES
Specified impurities D.
Otherdetectable impurities (thefollowing subseances would, if
presem at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are" limited by the general acceptance
criterion for otherlunspedfied impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impmities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceuriazl use) A, B, C.

A. hydrazinecarbothioamide (thiosemicarbazlde),

B. 4-aminobenzene-l-sulfonamide (sulfenilamide),

C. 5-methyl-I)3,4-thiadiazol·2-amine)

D. 4-(4-aminobenzene-l-sulfonamido)-N-(5-methyl-l,3,4­
thiadiazol-2-yl)benzene-l-sulfonamide.

____________________ !'hE"
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D. Dissolve about 5 mg in 10 mL of 1 J\-1 hydrochloric acid.
Dilute 1 mL of the solution to 10 mL with waterR.
The solution, without further acidification, gives the reaction
of primary aromatic amines (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y j , BY,; or GY j (2.2.2, Method II).

Dissolve 1.0 g in a mixture of 5 mL of dilute sodium hydroxide
solution Rand 5 mL of water R.

Acidity
To 1.25 g, finely powdered, add 25 mL of waterR. Heat at
70°C for 5 min. Cool in iced water for about 15 min and
filter. To 20 mL of the filtrate add 0.1 mL of bromothymol
bluesoluuon RI. Not more than 0.3 mL of 0.1 M sodium
hydroxide is required to change the colour of the indicator.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance £0 be
examined in 45 mL of the mobile phase, sonicate at about
45°C for 10 min, cool and dilute to-50.0 mL with the
mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL With the mobile phase. Dilute 1.0 mL of this
solution [Q 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 1 mg of the substance [0 be
examined and 1 mg of sulfamethoxazole impurity A CRS in the
mobile phase and dilute to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 1.0 mg of sulfamethoX4zole
impurity F CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase. Dilute 1.0 mL of this solution to
100.0 mL With the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.0 mm,
- stationary phase: octy/si/yl sih"ca gelfor chromatography R

(5 pm),
- temperature: 30 'C.

Mobile phase Mix 35 volumes of methanol R2 and
65 volumes of a 13.6 gIL solution of potassium dihydrogen
phosphat< R previously adjusted to pH 5.3 With a 20 gIL
solution of potassium hydroxide R.

Flow rat< 0.9 mIlmin.

Detection Spectrophotometer at 210 nm.

Injection 20 ~L.

Run time 3 times the retention time of sulfamethoxazole.

Relative retention With reference to sulfamethoxazole
(retention time =ahout 10 min): impurity D =about 0.3;
impurity E = about 0.35; impurity F = about 0.45;
impurity C = about 0.5; impurity A = about 1.2;
impurity B = about 2.0.

System suitabilt"ty Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

sulfamethoxazole and impurity A.

Limits:
- impurities AJ B} C, D, E: for each impurity, not more than

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent),

- impurity F: not more than the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.1 per cent),

'- airy other impurity: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent),

Sulfamethoxazole 11-1043

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent),

- disregard limit. 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.025 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Carry out the assay of primary aromatic amino­
nitrogen (2.5.8), using 0.200 g and determining the
end-point eleetrometrically.

1 rnL of 0.1 M sodium nilrite is equivalent to 25.33 mg
of C,oHIIN,O,S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B} CJ D} E} F.

A. N-[4-[(5-methyUsoxazol-3-yl)sulfamoyl]phenyl]acetamide,

B. 4-[[(4-aminophenyl)sulfonyllamino]-N-(5-methyUsoxazol­
3-yl)benzenesulfonamide,

nCH3

~,o
H,N N

C.5-methylisoxazol-3-amine,

l""'ySo,H
H,N~

D. 4-aminobenzenesulfonic acid (sulfanilic acid),

E. 4-aminobenzenesulfonamide (sulfanilamide),
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F. 4-amino-N-(3-methylisoxazol-5-yl)benzenesulfonamide.
___________________ PhE"

Mobile phase:
- mobile phase A: in a 1000 mL volumetricflaskdissolve

1.13 g of sodium dihydrogen phosphor< R and 2.5 g of
sodium acetare R in 900 mL of waterR; adjust to pH 4.8
withglacial acetic acid R and dilute to 1000 mLwith
warer R;

- mobile phase B: mobile phase A, methanol R (10:40 VIl');

Sulfasalazine
(ph. Eur. monograph 0863)

Tim. MobUe phase A Mobile phase B
(min) (per cent VIP) (per cent VIIJ)

0·15 60 ..... 45 40 ..... 55

15 - 25 4' "25·60 45 ..... 0 55 ..... 100

60 - 65 0 100

PhE" _

Action and use
Sulfonamide amincsalicylate; treatment of ulcerative colitis.

Preparations
Sulfasalazine Gastro-resisrant Tablets
Sulfusalazine Tablets

DEFINITION
2-Hydroxy-5-[2-[4-(pyridin-2-ylsulfamoyl)phenyl]
diazenyl]benzoic acid.

Content
97.0 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Bright yellowor brownish-yellow, fine powder.

Solubility
Practically insoluble in water, very slightly soluble in ethanol
(96 per cent), practically insoluble in methylene chloride.
It dissolves in dilute solutionsof alkali hydroxides.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison sulfasalazine CRS.

TESTS
Rela ted substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in dilute ammonia R3 and dilute to 25.0 rnL with
the same solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with dilute ammonia R3.
Reference solution (b) Dissolve 1.0 mg of sulfasalazine
derivative for resolution CRS in 10.0 mL of reference
solution (a). Dilute 1.0 mL of this solution to 10.0 mL with
reference solution (a).
Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: oetadecy/silyl silica gelfor chromatography R

(5 urn).

Flew rate I mUmin.
Detection Spectrophotometer at 320 nm.

Injection 20 ~L.

Relative retention With reference to sulfasalazine:
impurityH = about 0.16; impurityI = about 0.28;
impurity C = about 0.80; impurity F = about 0.85;
impurity G = about 1.39; impurity E = about 1.63;
impurity B = about 1.85; impurity D = about 1.90;
impurity A = about 2.00.

Systemsuitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

sulfasalazine and sulfasalazine derivative for resolution.
Limits:
- impurities A, B, C~ D~ E~ F~ G. I: for each Impurity, not

more thanthe area of the principal peakin the
chromatogram obtainedwithreference solution (a)
(I per cent);

- totol: not more than4 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(4 per cent);

- disregard limit, 0.05 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent); disregard any peakwith a retention time
less than 6 min (due to impurities Hand D.

Impurities Hand J
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examinedin dilute ammonia R3 and dilute to 25.0 mL with
the same solvent.
Reference solulion (a) Dissolve 5.0 mg of sali<ylic add R
(impurity H) and 5.0 mg of sulfapyridine CRS (impurity D in
dilute ammonia R3 and dilute to 10.0 mL with the same
solvent.
Reference solution (b) Dilute 2.0 mL of reference solution (a)
to 100.0 mL with dilute ammonia R3.
Column:
- size: 1= 0.25, 0 = 4.6 mm;
- stationary phase: oct~1 silica gelfor chromatJ)graphy R

(5 urn).

Mobile phase Mobile phase B (described in the test for
related substances), mobile phaseA (described in the test for
related substances) (30:70 VIII).
Flew rate I mUmin.
Detection Spectrophotometer at 300 run.
Injection 20~ of the test solution and reference
solution (b).

Run time 10 min.

599-79-1398.4
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Retention time Impurity H :::: about 6 min;
impurity J:::: about 7 min.

System suitability Reference solution (b):
- resolution: minimum 2 between the peaks due to

impurities Hand J.
Limits:
- impuniies H. J: for each impurity) not more than 0.5 times

me area of the corresponding peak in the chromatogram
obtained with reference solution (b) (0.5 per cent);

- disregard limit-: 0.05 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

CWorides (2.4.4)
Maximum 140 ppm.

To 1.25 g add 50 mL of distilled waterR. Heat at about
70 °C for 5 min. Cool and filter. To 20 mL of me filtrate
add 1 mL of nitric add RJ allow to standfor 5 min and filter
to obtaina clearsolution.

Sulfates (2.4.13)
Maximum 400 ppm.

To 20 mL of the filtrate prepared for the test for chlorides
add 1 mL or dilute hydrochloric acid R, allow to stand for
5 min and filter.

Loss on drying (2.2.3i)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.5 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 0.1 M sodium hydroxide and dilute to
100.0 mL with the same solvent.Transfer 5.0 mL of this
solution to a 1000 mL volumetric flask containing about
750 mL or waterR. Add 20.0 mL of a 6 gIL solution or
glacial acetic acidR and dilute to 1000.0 mL with water R.
Prepare 3 standard solution at the same timeand in the same
mannerusing 0.150 g of !ulfasalazine CRS. Measure the
absorbance (2.2.25) of the 2 solutions at the absorption
maximum at 359 om.

Calculate thecontent of C1sH1"N,,05S from the absorbances
measured and the concentration of the solutions.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C} D} E} F} G, H, 1,J.

A. 4,4'-[(4-hydroxy-I,3-phenylene)bis(diazenediyl)]bis[N­
(pyridin-2-yl)benzenesulfonamide],

Sulfasalazine 11-1045

B. 2-hydroxy-3,5-bis[2-[4-(pyridin-2-ylsulfamoyl)
phenyl]diazenyl]benzoic acid,

C. 2-hydroxy-5-[2-[4-(2-iminopyridin-1 (2H)-yl)
phenyl]diazenyl]benzoic acid,

D.4-[2-(2-hydroxyphenyl)diazenyl]-N-(pyridin-2-yl)
benzenesulfonamide,

E. 2-hydroxy-4'-(pyridin-2-ylsulfamoyl)-5-[2-[4-(pyridin-2­
ylsuIfamoyI)phenyl]diazenyl]biphenyl-3-carboxylic acid,

F. 2-hydroxy-3- [2-[4-(pyridin-2-ylsulfamoyl)phenyI]diazenyl]
benzoic acid,

G.5-[2-[4',5-bis(pyridin-2-ylsulfamoyl)biphenyl-2-yl]
diazenyl]-2-hydroxybenzoic acid,
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1. 2-hydroxy-5-[2-(4-sulfophenyl)diazenyl]benzoic acid,

H. 2-hydroxybenzenecarboxylic acid (salicylic acid),

C. Examine the chromatograms obtainedin the testfor
related substances. The principal spot in the chromatogram
obtained with test solution (b) is similar in position,colour
and size to the principal spot in the chromatogram obtained
with reference solution (a).

D. Dissolve about 10 mg in a mixture of 10 mL of water R
and 2 mL of 0.1 M sodium hydroxide and add 0.5 mL of
copper sulfate solution R. A greyish-blue or purple precipitate is
formed.
E. Dissolve about 5 mg in 10 mL of 1 M hydrodllori< acid.
Dilute I mL of the solution to 10 mL with waterR.
The solution, without further addition of acid) gives the
reaction of primary aromatic amines (2.3.1).

TESTS
Appearance of solution
Dissolve 1.0 g in 10 mL of 1 M sodium hydroxide.
The solution is clear (2.2.1) and not more intensely coloured
than reference solution GY" (2.2.2, /vIe/hod 11).

Acidity
To 1.0 g add 50 mL of carbon dioxide-free waterR. Heat to
70°C for 5 min. Cool rapidly to 20 °C and filter. To 25 mL
of the filtrate add 0.1 mL ofbromothymolbluesolution Rl.
Not more than 0.1 mL of 0.1 M sodium hydroxilk is required
to change the colour of the indicator.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
gelH R as the coating substance.
Tesr solution (a) Dissolve 0.10 g of the substance to be
examined in a mixture of 1 volume of concentrated ammonia R
and 9 volumes of a~holR and dilute to 10 mL with the
same mixture of solvents.
Test solution (b) Dilute I mL of test solution (a) to 5 mL
with a mixture of 1 volume of concentrated ammonia Rand
9 volumes of alcohol R.
Reference solution (a) Dissolve 20 mg of sulfathiazole CRS in
a mixture of 1 volume of concentrated ammonia Rand
9 volumes of akohd R and dilute to 10 mL with the same
mixture of solvents.
Reference solution (b) Dissolve 50 mg of sulfanilamilk R in a
mixtureof I volume of concentrated ammonia Rand
9 volumes of alcohol R and dilute lO 100 mL with the same
mixture of solvents. Dilute 1 mLofthis solutionto 10 mL
with the same mixtureof solvents.
Apply to the plate 10 J.1L of each solution. Develop overa
path of 15 em using a mixtureof 18 volumes of ammonia R
and 90 volumes of butanolR. DIY the plate at 100°C to
105°C for 10 min and spray with a I gILsolutionof
dimethylaminobenzallkhylk R in akohol R containing
I per cent VIV of hydrodlloric acidR. Any spot in the
chromatogram obtained with test solution (a») apart from the
principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (b)
(0.5 per cent).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying in an oven at 105°C.

Sulfated ash (2.4.14)
Not more than 0.1 per cent, determined on 1.0 g.

ASSAY
Carry out the determination of primary aromatic amino­
nitrogen (2.S.If), using 0.200 g, determining the end-point
eleetrometrically.

72-14-0255.3C.H,N,O,s,

(ph. Bur. monograph 0742)

Action and use
Sulfonamide antibacterial.

PhE" _

(XI CO,H

"" OH

DEFINfIlON
Sulfathiazole containsnot less than 99.0 per cent and not
more than the equivalent of 101.0per cent of 4-amino-N­
(thiazol-2-yl)benzenesulfonamide, calculated with reference to
the driedsubstance.

Sulfathiazole

~ F"""

J. 4-amino-N-(pyridin-2-yl)benzenesulfonamide
(sulfapyridine).

CHARACTERS
A whiteor slightly yellowish, crystalline powder, practically
insoluble in water, slightly soluble in alcohol,practically
insoluble in methylene chloride. It dissolves in dilute
solutions of alkali hydroxides and in dilute mineral acids,

i
IDENnFICATION
First identification: A, B.
Secondidentification: A, G, D, E.
A. Melting point (2.2.14): 200 "C to 203°C. Melting may
occur at about 175 °C, followedby solidification and a
second meltingbetween 200°C and 203 "C.
B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
sulfathiazole CRS. Examinethe substances prepared as discs.
If the spectra obtainedshow differences, dissolve the
substance to be examined and the reference substance
separately in akohol R, evaporate to dryness in vacuo and
recordthe spectra againusing the residues.
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____________________ PhE"

PhE" --c-----~------------

1 mL of 0.1 M sodium nitrite is equivalent to 25.53 mg of
C9H9N302S2'

STORAGE
Store protected from light.

Appearance of solution in 1 M sodium hydroxide
The solution is clear (2.2.1) and its absorbance (2.2.25) at
420 nm using a pathlength of 4 ern is not greater than 0.15.
Dissolve 1.25 g, heatinggently if necessary) In 25 mL of 1 /vI
sodium hydroxide.

Related substances
Liquid chromatograpby (2.2.29). Prepare the solutions
immediately before use.
Solvent mixture waterR) acetonitrile R (10:40 VIV).

Test solution Dissolve 10.0 mg of thesubstance to be
examined in the solventmixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture.
Reference solution (b) Dissolve 5.0 mg of suljinpyrazone
impw;ty A CRS and 5.0 mg of sulfinpyrazone impurityB CRS
in the solvent mixture and dilute to 5.0 mL with the solvent
mixture.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
£0 100.0 mL with the solventmixture.
Reference solution (d) Dissolve the contents of a vial of
sulfinpyrazone for system suitabih·ty GRS (containing
impurity C) in 1.0 mL of the solvent mixture.

Reference solution (e) Dilute 1.0 mL of reference solution (a)
to 10.0 rnLwith the solvent mixture.
Column:
- size: 1= 0.125 m, 0 = 4.6 mrn,
- stationary phase: end-capped octade<ylsilyl silica gelfor

chromatography R (5 um).

Mobile phase tetrahydrofuran for chromatography R,
acetonitrile R) 0.3 per cent VIVsolution of phosphon·c acidR
(7:35:58 VIVIJI).

Flow rate 2.0 mUmin.
Detection Spectrophotometer at 235 run.
Injection 20 pl.
Run time 7 times the retention timeof sulfinpyrazone.
Identification of impurities Use the chromatogram supplied
with sulfinpyrazone for systemsuitability CRS and the
chromatogram obtained with reference solution (d) to
identify the peakdue to impurity C; use the chromatogram
obtained with reference solution (b) to identify the peaksdue
to impurities A and B.
Relative retention With reference to sulfinpyrazone (retention
time = about 3.5 min): impurity C = about0.8;
impurity A =about 1.6; impurity B =about4.8.
System suitability Reference solution (d):
- resolution: minimum 2.0 betweenthe peaks due to

impurity C and sulfinpyrazone.
Limits:
- impuruies A, B: for each impurity) not more thanthe area

of the corresponding peak in the chromatogram obtained
with reference solution (c) (1.0 per cent);

- impurity C: not more than twice the area of the principal
peak in the chromatogram obtained withreference
solution (e) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (e) (0.10 per cent);

- toU1l: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(2.0 per cent);

57-96-5404.5

o 0 0

~F"N S ,

()~ 0 H D
C"H,oN,O,S

Action and use
Uricosuric.

Sulfinpyrazone
(Ph. Eur. monograph 0790)

DEFINITION
1,2-Diphenyl-4-[2-(phenylsulfinyl)ethyl)pyrazolidine-3,5­
dione.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhitepowder.

Solubility
Veryslightly soluble in water, sparingly soluble in ethanol
(96 per cent). It dissolves in dilute solutionsof alkali
hydroxides.

IDENTIFICATION
First identification: A... C.
Second identification: A, B, D.
A. Melting point (2.2.16): 131 -c to 135 "C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 30.0 mg in 0.01 M sodiumhydroxide
and dilute to 100.0 mL with the same alkaline solution.
Dilute 1.0 mL of this solution to 20.0 mL with 0.01 M
sodium hydroxide.

Spectralrange 230-350 nm.
Absorption maximum At 260 nm.
Specific absorbance at the absorption maximum 530 to 580.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison sulfinpyrazone CRS.

D. Dissolve about 10 mg in 3 mL of acetone R and add a
mixture of 0.2 mL offemc chloride solution R2 and 3 mL of
waterR. A red to violet colour develops.

TESTS
Appearance of solution in acetone
The solution is clear (2.2.1) and its absorbance (2.2.25) at
420 ron using a path length of 4 em is not greater than 0.10.
Dissolve 1.25 g in acelOne R and dilute to 25 mL with the
same solvent.
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RO·A_O(rOR
Ro'Cr?'O~ O)~'? ,OR

OR RD)5
RO"- 0 OR

;O
f OR RO 6

RO .... 0 QORRO'--<O~ .... OR
. \ o __~.~

RCj ·0···· -·"0' OR

RD 'OR

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (e)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 25 mL of acetone R. Add 0.5 mL of
bromothymoi bluesolution R I. Titrate with 0.1 M sodium
hydroxide until the colour changes fromyellow (0 blue.
I mL of 0.1 M sodium hydroxide is equivalent to 40.45 mg of
C"H,oN,O,S.

STORAGE
Protected from light.

IMPURITIES
Specified impuritks A, B, C.

Sulfobutylbetadex Sodium
(ph. Eur. monograph 2804)

A. 1,2-dipbenyl-4-[2-(phenylsulfonyl)ethyl]pyra2olidine-3,5­
dione,

B. 1,2-<!iphenyl-4-[2-(phenylsulfanyl)ethyl]pyra2olidine-3,5­
dione,

~O

~~~N S (7

cr~ 0 OH '()

C.4-hydroxy-I,2-diphenyl-4-[2-(phenylsulfinyl)
ethyl]pyrazolidine-3,5-dione.

____________________ PbE<r

C"H,o..O,,(C,H,SO,Na). 2163 when n = 6.5 18241().QO-O
PbEu _

DEFINITION
Sulfobutylbetadex sodium (~-cyclodextrin, sodium
4-sulfonatobutyl ether) is the sodium salt of a partially
substituted poly(sulfobutyl) ether of betadex.

Content
- sulfobuty/betadex sodium: 95.0 per cent to 105.0 per cent

(anhydrous substance);
- average number of sulfobuty/ groups per cy<lodextrin ring,

expressed as average degree of substitution (DS): 5.9 to 6.6.

CHARACTERS
Appearance
Whiteor almostwhite, hygroscopic powder.

Solubility
Freelysoluble in water, practically insoluble in anhydrous
ethanol and in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison sulfobuty/betadex sodium CRS.
Results The spectrum obtained with the substance [Q be
examined shows the same absorption bands as the spectrum
obtained with sulfoburylb,tadex sodium CRS. Due to
differences in the degree of substitution of the substance, the
relative intensity of some absorption bands may vary.
B. It gives reaction (a) of sodium (2.3./).

TESTS
Soludon S
Dissolve 7.50 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solven't.

Appearance of solution
Solution S is clear (2.2./) and colourless (2.2.2, Me/hod1l).

pH (2.2.3)
5.0 to 7.5 for solution S.

Use intensive nitrogen purging to avoid carbon dioxide­
absorption during measurement.

Reducing sugars
Maximum 0.05 per cent.

Reagent solution Dissolve 1.0 g of triphenyltetrazolium
chloride R in 100 mL of oldehyde-free methanol R.
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Tesr solution Dissolve 0.45 g of the substance to be
examinedin 2.0 mL of dimethyl sulfoxide R in a test tube and
add 0.5 mL of a 40 gIL solution of sodium hydroxide Rand
7.5 mL of the reagent solution. Mix and store at room
temperature.

Reference solution Prepare at the same time and in the same
manneras for the test solution, using 0.10 mL oCa 2.25 gIL
solution of glucose R instead of the substance to be examined.
After 1 h, measure the absorbance (2.2.25) of the solutions at
the absorption maximum at 482 nm. The absorbance of the
test solution is not greater than that of the reference solution.

Impurities A, C and D
Liquid chromatography (2.2.29).

Test solution Dissolve 0.300 g of the substance to he
examined in waterR and dilute to 5.0 mL with the same
solvent.
Reference solution (a) Dissolve 15.0 mg of bnadex CRS
(impurity A) in waterR and dilute to 5.0 mL with the same
solvent. Dilute 1.0 mL of the solution to 50.0 mL with
water R.
Reference solution (b) Dissolve 15.0 mg of sulfobutylbetadex
impurity C CRS in waterR and dilute to 5.0 mL with the
same solvent. Dilute 1.0 mL of the solutionto 10.0 mL with
water R.
Reference sdution (c) Dissolve 15.0 mg of sulfobutylbetadex
impurity D CRS in waterR and dilute to 5.0 mL with the
same solvent Dilute 1.0mL of the solution to 10.0 mL with
water R.
Reference solution (d) Dissolve 0.300 g of sulfobuly/bewdex
sodium CRS in 1.0 mL of reference solution (b) and 0.5 mL
of reference solution (c), and dilute to 5.0 mLwith water R.

Co/umn:
- size: 1= 0.15 m, 0 =4.0 mm;
- stationary phase: 4-dimethylaminobenzykarbamuksilyl silica

gelfor chromatography R (3 urn);
- temperature: 25 "C.

Mobile phase:
- mobile phase A: to 4.0 mL of triethylamine R add 900 mL

of waterJorchromatography R and adjust to pH 4.5 with
anhydrous formic acid R; dilute to 1000 mL with waterfor
chromatography R;

- mobile phase B: aceumitrileR;

Time Mobile phase A MobUe phase B
(mln) (per cent VM (per cent VIJI)

0·2 90 10

2-8 90 --> 60 10 --> 40

8 - 14 60 --> 40 40 --> 60

14·20 40 60

Flow rale l.l mUmin.
Detection Evaporative light-scattering detector; the following
settings havebeen found to be suitable; if the detector has
different settingparameters, adjust the detector settings so as
to complywith the system suitability criteria.
- carrier gas: nitrogen Rj
- flow rate: 1.5 Umin;
- evaporator temperature: 50 "C.

Equilibration At initial isocratic conditions for 10 min.
Injection 10 ~L of the test solution and reference
solutions (a) and (d).

Sulfobutylbetadex Sodium 11-1049

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify thepeakdue to
impurity Aj use the chromatogram obtained with reference
solution (d) to identify the peaks due to impurities C andD.
Relativeretention With reference to impurity A (retention
rime = about 2.9 min): impurity C = about0.7;
impurity D = about 2.0; sulfoburylbetadex elutes as several
peaks after impurity D unless heart-cutting is applied.
System suitability:
- resolution: minimum 2.0 betweenthe peaks due to

impurities C and A in the chromatogram obtainedwith
reference solution (d);

- repeaUlbilir;y: maximum relative standard deviation of
3.0 per cent for the area of the peakdue to impurity A
determined on 5 injections of reference solution (a), using
the initial isocratic conditions for 4 min.

Limits:
- impurity A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (a) (0.1 per cent);

- impun·ty C: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.1 per cent);

- impun'ty D: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.05 per cent);

- disregard the peakdue to the sodium counter-ion
(corresponding to the dead volumeof the column) and
any peakeluting after impurity D (due to
sulfobutylbetadex).

Impurity B
Gas chromatography (2.2.28). Prepare <he solutions immediately
before use.
Internal standard solution Dissolve 25.0 mg of diethyl
sulfone R in 10.0 mL of dimelhylfonnamide R and dilute to
1000.0 mL with waterR. Dilute 1.0 mL of the solution to
100.0 mL with warer R.
Test solutions (a), (b), (c) and (d) In 4 test tubes with screw
caps, prepare 4 solutions as indicated in Table 2804.-1.
Mix each test tube on a vortex mixerfor 30 s and allowto
stand for at least 5 min or until complete separation of the
phases. Decant the organic phase into a vial and seal.
Reference sdtuion (a) Dissolve 50.0 mg of sulfobuly/bewdex
impurity B CRS in 5.0 mL of dimethylJonnamide Rand dilute
with water R to obtaina concenrration of 2.0 f.lglmL
Reference rolutwn (b) Dilute 1.0 mL of reference solution (a)
to 2.0 mL with water R.
Reference sdution (c) Dilute 1.0 mL of reference solution (a)
to 4.0 mL with waler R.
Blank solution Prepare as described for test solution (d), but
omitting the substance to be examined.
Column:
- materia/: fused silica;
- size: I;;;; 30 m, 0 = 0.32 mm;
- stationary phase: cyanoprapyl(7)pheny/(7)methy/(86)

polYsiloxane R (film thickness 0.5 urn),

Carrier gas helium Jorchromatography R.
Flow rale 2.4 mUmin.

www.webofpharma.com



II-1050 Sulfobutylbetadex Sodium

Table 2804.-1.

2022

Substance (0 be Internal standard Solvent/soludon (mL) Methylene chJcwide R Final
examined (g) solution (mL) (mL) content

or
suljobutylbetadex

impurity B
CRS
Wg)

BlankSoillfioll 0 4.0 WoterR,I.O 1.0 0

Tat solutio,. (a) 1.000 4.0 Reference solution (a), 1.0 2.0
1.0

Test solution (b) 1.000 4.0 Reference solution (b), 1.0 1.0
1.0

Test solution (c) 1.000 4.0 Reference solution (e), 1.0 0.'
1.0

Testsohnioll (d) 1.000 4.0 WaterR, 1.0 1.0 0

Deuaion Flame ionisation.

Injection I flL.
Relau"ve retention With reference to the internal standard
(retention time =about 6.5 min): impurity B =about 1.4.

System suitability:
- repeatability: maximum relative standard deviation of

10.0 per cent for the corrected ratios (as described under
Calculation of content) determined on 5 injections of test
solution (b).

Calculation of content Calculate the ratio of the area of the
peak due to impurity B to the area of the peak due to the
internal standard in the chromatograms obtained with test
solutions (a), (b), (e) and (d) respectively. Subtract from
these values the ratio of the area of the peak due to
impurity B to the area of the peak due to the internal
standard in the chromatogram obtained with the blank
solution (diethyl sulfone may contain trace amounts of
impurity B). Plot the added quantity of impurity B (in
micrograms) as the abscissa and the corrected ratios as the
ordinates. Extrapolate the line joining the points on the graph
until it meets the x-axis. The distance between this point and
the origin corresponds to the content of impurity B in
micrograms per gram (ppm) of the substance to be
examined.

Limit.
- impun'ty B: maximum 0.5 ppm.

Chlorides (2.4.4)
Maximum 0.12 per cent (corresponding to 0.20 per cent
expressed as sodium chloride).

Dissolve a quantity of the substance to be examined
corresponding to 42 mg of anhydrous substance in 15.0 mL
of waterR.

Water (2.5.12)
.Maximum 10.0 per cent, determined on 0.200 g.

Temperature:

Column

Jniecuon port

Detector

Time
(mIn)

0-10

10-1l.5

11.5 - 16.5

Temperature
rq

100 -+ 200

200 -+ 250

250

250

210

Microbial contamination·
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 10' CFU/g (2.6.12).

Ifnot intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 10' CFU/g (2.6.12);
- TYMC: acceptance criterion 10' CFU/g (2.6.12);
- absence of Escherichia coli(2.6.13);
- absence of SalmoneUa (2.6.13).

ASSAY
Sulfobutylbetadex sodium
Size-exclusion chromatography (2.2.311).

Test solution Dissolve 0.100 g of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution Dissolve 0.100 g of sulfobutylbetadex
sodiumCRS in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Column:
- size: 1= 0.30 m, 0 =7.8 mmj
- stationary phase: po/ymelhacrylate gelR.
Mobile phase Dissolve 10.11 g of potassium nitrate R in a
mixture of I volume of aceumitrile for chroma",graphy R and
4 volumes of waterfor chromatQgraphy R and dilute to
1000 mL with the same mixture of solvents.

Flow rate 1.0 mIlmin.
Detection Differential refractometer maintained at
35 ± 2°C.
Injection 20 ur,
Between-ron n"ming Rinse me column with a mixture of
I volume of acetomtrile for chromatQgraphy R and 9 volumes of
waterfor chromat1>graphy R.
System suitability Reference solution:
- repeatability: maximum relative standard deviation of

2.0 per cent for the area of the peak due to
sulfobutylbetadex, determined on 5 injections;

- symmetryfactor: maximum 1.8.

Calculate the percentage content of sulfobutylbetadex sodium
taking into account the assigned content of sulfobuty/betadex
sodiumCRS.

Average degree of substitution
Nuclear magnetic resonance spectrometry (2.2.33) .
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_____________________ PhE,;

C. 4-hydroxybmane-l-sulfonic acid,

D. 4,4'-oxydi(butane-l-sulfonic acid).

Sulindac
(Ph. Eur. monograph 0864)

H:~O?r~
HOy,; HO ~) o~OH
'·~d OH H0--5--r

m~>;fc~-j~OO
HO 0 ....>----<..... 0 OH

HO \)H

B. 1,2)..6-oxathiane-2,2-dione,

A. cycloheptakis-(l->4)-(a-n-g1ucopyranosyl) (betadex or
cyclomaltoheptaose or p-cyclodextrin),

o
O·~O

HO,s~O~So,H

The average degree of substitution (DS) is calculatedfrom
me ratio between the signalsof the inner-chain protons of
the sulfoburyl ether groups (-O-CH2-CH,-CH,-CH2-SO,H)

and the signals of the glycosidic protonsattached to the C1
carbon of the anhydroglucose units.
Testsolution Introduce not less than 10.0 mg of the
substance to be examined,previously driedfor at least 1 day
in a desiccator, into a 5 mm Ni\'lR tube. Add about 0.70 mL
of deuterium oxide RI. Cap the tube and mix thoroughly.

Apparatus ·Ff-NMR spectrometeroperating at minimum
250 Mfu and suirable for recording at 25 "C.

Acquisition of IH NMR spectra The following parameters
may be used:
- sweep width: 10 ppm (0 to + 10.0 ppm);
- irradiation frequency offset: none;
- timedomain: 32 K;
- pulse width: 90°;
- pulse delay: 15 s;
- dummy scans: 2j
- number of scans: 16.

Call the integration sub-routine afterphase corrections and
baseline correction between - 1 ppm and + 9 ppm.
The signal of exchangeable protons (solvent) at + 4.8 ppm is
used as·reference.
Make a zero filling at least twice in size relative to the
acquisition data file and transform the FID to the spectrum
without anycorrection of the Gaussian broadening factor
(GB = 0) and with a line broadening factor not greater than
0.3 fu (LB S 0.3). Adjust integral level and tilting.

Measure the peak areas of the signals between 1.43ppm and
2.12 ppm (A,. -O-CH2-CH2-CH,-CH2-SO,H), and the
signals of the glycosidic protons between 4.95 ppm and
5.41 ppm (A2' -O-CH-O-).

Calculate the average degree of substitution (DS) using the
following expression:

A,

A,

7xA,
4xA2

areaof the peaksdue 10 the innermethylene plOlOlUI (indicated
in bold) of thesulfobutyl ether functional group;
areaof the peaksdue 10 the glycosidic protons (indicated in
bold).

CH,

CO,H

andenanliomer

F

PhE,; _

Action and use
Cycle-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparation
Sulindac Tablets

DEFINITION
[( IZ)-6-Fluoro-3-[[4- [(RS) -methanesullinyl)pbenyl)
methyJidene)-2-methyl-3H-inden-I-yl)acetic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Veryslightly soluble in water, soluble in methylenechloride,
sparingly soluble in ethanol (96 per cent}. It dissolves in
dilute solutionsof alkali hydroxides.

38194-50-2356,4
STORAGE
In an airtight container.

LABELLING
The labelstates:
- the average degree of substitution (DS)i
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations.

IMPulunES
Specified impurities A, B, C, D.
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F

F

andenanUomer

CO,H

andenantiomer

o

F

CH,

1 mL of 0.1 M sodium hydroxide is equivalent to 35.64 mg
of C,oHI7FO,S.

STORAGE
Protected from light.

LW'URITffiS
Specified impurities B, C, D.
Otherdetectable impun'ties (the following substances would, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They arelimited by the general acceptance
criterion for otherlunspeafied ;mpun·ties andlorby thegeneral
monograph Substanusfor pharmaceutical use (2034). It is
therefore not necessary to identify these impurines for
demonstration of compliance. See also 5,10. ConlrO! of impurities
in substances for pharmaceutical use) A.

CH,

F

A. [(IE)-6-ftuoro-3-[[4-[(RSJ-methanesulfinyl)phenyl]
methylidenej-g-methyl-3H-inden-I-yl]acetic acid,

CH,

B. [(IZl-6-ftuoro-3-[[4-(methanesulfonyl)phenyl]
methyUdene]-2-methyl-3H-inden-l-yl]acetic acid,

C. [(IZl-6-ftuoro-2-methyl-3-[[4-(methylsulfanyl)phenyl]
methylidene]-3H-inden-l-yl]acetic acid,

D. methyl [(IZl-6-ftuoro-3-[[4-[(RSJ-methanesulfinyIJphenyl]
methylidene]-2-methyl-3H-inden-I-yl]ace tate.

____________________ PhE"

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.10 g of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobilephase.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 4 mg of su/indac for system
suitabilily CRS (containing impurities B, C and D) in the
mobilephase and dilute to 2 mL withthe mobile phase.
Column:
- size: 1:= 0.25 m, 0 = 4.6 mm;
- stationary phase: silica gelfor chromatography R (10 pm).

M.obile phase glacial acetic acid R, ethanol (96 [JeT cent) R,
ethylautate R, methylene chloride R (1:4:100:400 ViVlVlV).

Flow rate 2 mUmin.
Detection Spectrophotometer at 280 nm.

Inje<tion 20 ~L.

Runlime 2.5 times the retention timeof sulindac.
Identification of ;mpuniies Use the chromatogram supplied
with sulindac for system suitabih'ty CRS and the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities B, C and D.
Relalt"ve retention With reference to sulindac (retention
time = about 10 min): impurity C = about 0.20;
impurity B =about 0.25; impurity 0 =about 0.7.

System suitability Reference solution (b):
- resolution: minimum 2.0 between thepeaks due to

impurities C andB,
Calculation of percentage contetJcs:
- correction factor. multiply the peak area of impurity C by 2;
- foreachimpurity, use the concentration of suHndac in

reference solution (a).
Limics:
- impuniy C: maximwn 0.5 per cent;
- impurity B: maximwn 0.4 per cent;
- impuniy D: maximum 0.2 per cent;
- unspecified imputiues: for each impurity, maximum

0.10 per cent;
- wud: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C at a pressure not exceeding 0.7 kPa.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of methanol R. Titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.2(J).

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sulindac CRS.

If the spectra obtained show differences, dissolve the
substance to he examined and the reference substance
separately in the minimum volwne of hot methanol R,
evaporate to dryness and record new spectra using the
residues.
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PhE" -------

DEFINITION
Content
99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
Yellow powder.

SolublIlty
Practically insoluble in water, soluble Incarbondisulfide,
slightly soluble in vegetable oils.

mp
About 120 °C.

The size of most of the particles is not greater than 20 ~m
and thatof almost all the particles is not greater than 40 pm.

IDENTIFICATION
A. Heated in the presenceof air, it burns with a blue flame,
emittingsulfurdioxide which changes the colour of
moistened blue litmus fX!per R to red.

B. Heat 0.1 g with 0.5 mL of bromine waterR uotil
decolourised. Add 5 mL of waterR and filter. The solution
gives reaction (a) of sulfates (2.1.1).

TESTS
Solution S
To 5 g add 50 mL of carbon dioxide-free waterR prepared
fromdistilled waterR. Allow to stand for 30 min with
frequent shaking and filter.

Appearance of solution .
Solution S is colourless (2.2.2, Method II).

Odour (2.1.4)
It has no perceptible odour of hydrogen sulfide.

Acidity or alkalinity
To 5 mL of solution S add 0.1 mL of phenolphthakin
solution RI. The solution is colourless. Add 0.2 mL of
0.01 M sodium hydroxide. The solution is red. Add 0.3 mL of
0.01 M hydrochloric add. The solution is colourless.
Add 0.15 mL of methylredso/ution R. The solution is orange­
red.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

Sulfates (2.4. U)
Maximum 100 ppm, determined on solution S.

Sulfides
To 10 mL of solution S add 2 mL of bufferso/ution pH 1.5 R
and I mL of a freshly prepared 1.6 gIL solution of lead
nitrate R in carbon dioxide-free waterR. Shake. After I min
any colour in the solution is not more intense than that in a
reference solution prepared at the same time using 1 mL of
leadstandard so/ution (/0 ppm Pb) R, 9 mL of carbon dioxide­
free waterR, 2 mL of btiffer solurion pH 1.5 Rand 1.2 mL of
thioacetamide reagent R.

~ ~ PhE"

**** ** ** ****

7664-93-9

Sulfuric Acid
Sulphuric Acid

(Ph. Eur. monograph 1572)

H,50. 98.1

Preparation
Dilute Sulfuric Acid
PhE" _

Sulfated ash (2.4.14)
Maximum 0.2 per cent, determined on 1.0 g.

ASSAY
Carry out the oxygen-flask method (2.5. I(J), using 60.0 mg
in a 1000 mL combustion flask. Absorb the combustion
products in a mixture of 5 mL of dilute hydrogen peroxide
solution Rand 10 mL of waterR. Heat to boiling, boil gently
for 2 min and cool. Using 0.2 mL of phenolphthalein
solution R as indicator, titrate with 0.1 M sodium hydroxide
until the colour changesfrom colourless to red. Carry out a
blank titration under the same conditions.
I mL of 0.1 M sodium hydroxide is equivalent to 1.603 109
ofS.

STORAGE
Protected from light.

DEFINITION
Content
95.0 per cent mlm to 100.5 per cent mlm.

CHARACTERS
Appearance
Colourless, oily liquid, very hygroscopic.

SolublIlty
Miscible with waterand with ethanol (96 per cent)
producing intense heat.

Relative density
About 1.84.

IDENTIFICATION
A. Carefully add I mL to 100 mL of water R. The solution is
strongly acid (2.2.4).

B. The solution obtainedin identification test A gives
reaction (a) of sulfates (2.1.1).

TESTS
Appearance of solution
The solution is clear (2.2. I) and colourless (2.2.2,
Method II).

Carefully pour, while cooling, 5 mL into 30 mL of waterR
and dilute to 50 mL with the same solvent.

Chlorides (2.4.4)
Maximum 50 ppm.

Mix carefully, while cooling, 3.3 g with 30 mL of waterR.
Neutralisewith ammonia R and dilute to 50 mL with
water R.

Nitrates
Add 5 mL to 5 mL of water R. Cool to room temperature
and add 0.5 mL of indigo carmine solution R. The blue colour
persists for at least 1 min.
Iron (2.4.9)
Maximum 25 ppm.

7704-14-9

Sulfur
Sulfur for External Use

Sulphur for External Use

(ph. Eur. monograph 0951)

S 32.06

Acdon and use
Keratolytic.
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____________________ PhE<r

PhE<r _

chloride. It dissolves in dilute solutions of mineral acids and
alkali hydroxides.

IDENTIFICATION
First identificatian: B.
Second identification: A, 0, D.
A. Melting point (2.2.14): 177 ·C to 181 ·C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison sulpiride CRS.
C. Examine the chromatograms obtainedin the test for
impurity A.
Detection Examine in ultraviolet light at 254 nm.
Results The principal spot in the chromatogram obtained
with test solution (b) is similar in positionand size to the
principal spot in the chromatogram obtained withreference
solution (a).

D. To about I mg in a porcelain dish, add 0.5 mL of sulfuric
acidRand 0.05 mL ofjonnaldehyde solution R. Examined in
ultraviolet light at 365 om, the solutionshows blue
fluorescence.

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
thanreference solutionY6 (2.2.2, Method 1).

Dissolve 1.0 g in diluteacetic acid R and dilute to 10 mL with
the same acid.

Impurity A. Thin-layer chromatography (2.2.27)
Test solution (a) Dissolve 0.20 g of the substance to be
examined in methanol R, sonicate until dissolution is
completeand dilute to 10.0 rnLwith the same solvent.
Test solution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methanol R.
Reference solution (a) Dissolve 20 mg of sulpiride CRS in
methanol R and dilute to 10.0 mL with the same solvent.
Reference solution (b) Dissolve 5.0 mg of suJpiritk
impurity A CRS in methanol R and dilute to 25.0 mL with the
same solvent.Dilute 1.0 mL of the solution to 10.0 mL with
methanol R.
Plare TLC silica gelFm plare R.
Mobile phase concentrated ammonia R, dioxan R, methanol R,
methylene chloride R (2:10:14:90 VlVlVlfI).

Application 10 flL.
Development Over 1/2 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om for
identification test C and then spray with n;nhydn'n solution R;
heat at 100-105 ·C for 15 min and examine in daylight.

Limit Test solution (a):
- impun·ty A: any spot due to impurity A is not more

intensethan tl}.e corresponding spot in the chromatogram
obtained with reference solution (b) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in the mobile phaseand dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

15676-1(>-1

andenanllorner

341.4

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Sulpiride Tablets

Dilute Sulfuric Acid
Dilute Sulphuric Acid

DEFINITION
Dilute Sulfuric Acid is prepared by adding 104 g of Sulfuric
Acid to 896 g of Purified Water with constantstirring and
cooling. It contains not less than 9.5% and not more than
10.5% w/w of H 2S0 4 ,

Weight per mL
1.062 g to 1.072 g, Appendix V G.

ASSAY
To 10 g add 40 mL of waterand titrate with 1Msodium
hydroxide VS using melhyl orange solution as indicator.
Each mL of 1M sodium hydroxide VS is equivalent to
49.04 mg of H 2S0 4 ,

ASSAY
Weigh accurately a ground-glass-stoppered flask containing
30 mL of warer R. Introduce 0.2 mL, cool and weigh again.
Titrate with 1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

I mL of 1 M sodium hydroxide is equivalent to 49.04 mg
of H2S04 ,

STORAGE
In an airtight container.

Sulpiride
(Ph. Bur. morwgraph 1045)

Cautiously evaporate 10.0 g and ignite to duU redness.
Dissolve the ignition residuein 1 mL of dilute hydrochloric
acidR with gentle heating and dilute to 25 mL with water R.
Dilute 1 mL of this solution to 10 mL with water R.

DEFINITION
N-(((2RS]-I-Ethylpyrrolidin-2-yl)]methyl]-2-methoxy-5­
suffamoylbenzamide.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubllity
Practically insoluble in water, sparingly soluble in methanol,
slightly soluble in ethanol (96 per cent) and in methylene
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Reference solution (b) Dissolve 5 mg of the substance to be
examined and 5 mg of sulpiride ;mpun"tY B CRS in the mobile
phase and dilute to 50.0 mL with the mobile phase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-eapped oetylsi/yl silica gelfor

chromawgraphy R (5 um),

A-Iob,1e phase Mix 10 volumes of acetonitrile R, 10 volumes
of methanol Rand 80 volumes of a solution containing
6.8 gIL of potassium dihydrogen phosphate R and 1 gIL of
sodium oaanesulfonou R, previously adjusted to pH 3.3 with
phosphoric acidR.
Flow rate 1.5 mUmin.

Detection Spectrophotometer at 240 run.
Injection 10 ~L.

Run time Twice the retention time of sulpiride.

Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peak due to

impurity B.

Relative retention Withreference £0 sulpiride (retention
time =about 15 min): impurity B =about 0.7.

System suitabiJily Reference solution (b):
- resoluJiqn: minimum 2.5 between the peaks due to

impurity Band sulpiride.

Calculan·or. of percentage contents:
- for each impurity) use the concentration of sulpiride in

reference solution (a).
Limits:
- unspecified impurities: for each impurity) maximum

0.10 percent,
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Chlorides (2.4.4)
Maximum 100 ppm.

Shake 1.0 g with 20 mL of waterR. Filter through a sintered­
glass filter (40) (2./.2). To 10 mL of the filtrate add 5 mL of
waterR.

Iron (2.4.9)
Maximum 10 ppm.

Ignite 1.0 g in a silica crucible. To the residue add 1 mL of
/ M hydrochloric acid, 3 mL of water Rand 0.1 mL of nitric
acidR. Heat on a water-bath for about 5 min. Place the
solutionin a test-tube. Rinsethe crucible with 4 mL of
waterR. Collect the rinsings in the test-tube and dilute to
10 mL with waterR.

Loss on drying (2.2.32)
Maximum 0.5 percent) determined on 1.000 g by drying in
an oven at 105 DC.

Sulfated ash (2.4. /4)
Maximum 0.1 percent) determined on 1.0 g.

ASSAY
Dissolve0.250 g in 80 mL of anhydrous auric acid R. Titrate
with O. I M perchiotic acid, determining the end-point
potentiometrically (2.2.211).
1 mL of 0./ M perchloric acid is equivalent to 34.14 mg
of C15H23NJO"S.

IMPURITIES
Specified impurities A.
Other dereetable impurities (the following substances would, if
present at a sufficient level, be deuced by one or other of the tests
in the monograph. They an! limited by thegeneral a«eptance

Sulpiride 11-1055

criterion for other/unspecified impwities and/or by the general
monograph Substances for pharmaceuncal use (2034). It is
therefore not necessary to idemify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) B, C, D, E, F, G.

A. [(2RS)-I-ethylpyrrolidin-2-yl)methanamine,

B. methyl 2-methoxy-S-sulfamoylbenzoate,

c. ethyl z-methoxy-s-sulfemoylbenzoate,

D. 2-methoxy-S-sulfamoylbenzoic acid,

E. 2-methoxy-5-sulfamoylbenzamide,

F. N-[[(2RS)-I-ethyl-l-oxidopyrrolidin-2-yl]methyl)-2­
merhoxy-d-sulfamoylbenzarnlde,

andenantiomer

G. N-[[(2RS)-I-ethylpyrrolidin-2-yl)methyl)-2-hydroxy-5­
sulfamoylbenzamide.

_____________________ PhEw

www.webofpharma.com



11-1056 Sultamicillin 2022

PhEu ~ _

:¢o ~o~ CH,
o ', 0 ...............0 . CHJ

H NH N

orr.'H ++ CH, ~NsvoN·· 0 ,\
-F"J HH

S CH3
HO

'" 0

Time Moblle phase A Mobllc phase B
(min) (per cent VIII) (per cent VIJI)

0-15 95 ..... 30 5 ...... 70
15 - 16 30 7.

16 - 16.5 30 ..... 95 70 ..... 5

16.5· 20 95 5

Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the blank solution.

Reference sohnion (d) Dissolve 17.3 mg of ampiciRin
trihydrate GRS (impurity C) and 15.0 mg of sulbaaam GRS
(impurity A) in water R and dilute to 50.0 mL with the same
solvent. Dilute 1.0 mL of this solution to 100.0 mL with
waterR.
Reference solution (e) Dissolve 5 mg of sullamicilJin for peak
identification GRS (containing impurity G) in 7.0 mL of
solution A and sonicate for about I min. Dilute to 10.0 mL
with solution B, mix and sonicate for about 1 min.
Column:
- size: 1= 0.10 m, 0 =4.6 mm;
- stationary phase: oczadecylsilyl S17i<a gelfor chromaUJgraphy R

(3.5 1=);
- temperature: 25 "C.
Mobil, phase:
- mobile phase A: 4.68 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 3.0 with phosphoric acidR;
- mobile phase B: tUewnitriJe Rt,

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 215 om.

Injection 5 J.1L of the blank solution, the test solution and
reference solutions (b), (c), (d) and (e).

Identification of impur;ms Use the chromatogram supplied
with sultamiciRin for peak identification GRS and the
chromatogramobtained with reference solution (e) to identify
the peak due to impurity G.

Relau"ve retention With reference to sultamiciUin (retention
time = about 9.3 min): impurity A = about 0.41; ampicillin
penicilloic acid = about 0.47; impurity B = about 0,50;
impurity C =about 0.55; impurity 0 =about 0.94;
impurity E =about 1.09; impurity F = about 1.26;
impurity G = about 1.42.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

ampicillin penicilloic acid and impurity B and
minimum 2.5 between the peaks due to impurities B
and C.

Limits:
- impurity G:not more than the area of the peakdue to

sultamicillin in the chromatogram obtained with reference
solution (c) (1.0 per cent);

- impuniy A: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.3 pet cent);

- impurity B: not more thanthe area of the corresponding
peak in the chromatogram obtained with reference
solution (e) (0.3 per cent);

- impurity C:not more than the area of the corresponding
peakin the chromatogram obtained with reference
solution (d) (0.3 per cent);

- impurities D, E, F: for each impurity, not more man
0.3 times the area of me peak due to sultamicillin in the
chromatogram obtained with reference solution (c)
(0.3 per cent);

76497-13-7594.7

Action and use
Beta-Iactamase inhibitor.

(ph. Eur. monograph 2211)

Sultamicillin

DEFINITION
Methylene (2S,5R,6R)-6-[[(2R)-aminophenylacetyl)amino]'
3,3-<1imethyl-7-oxo-4-thia-l-azabicyclo[3.2.0]heptane-2­
carboxylate (2S,5R)-3,3-dimethyI-4,4,7-trioxo-4J.6_thia_l_
azabicyclo[3.2.0]heptane-2-catboxylate.

Semi-synthetic product derived from a fermentation product

Content
96.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, slightly hygroscopic, crystalline
powder.

Solubility
Practically insoluble in water, very slightly soluble in
methanol, practically insoluble in ethanol (96 percent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sultamicillin CRS.

TESTS
Specific optical rotation (2.2.7)
+ 190 to + 210 (arthydrous substance).

Dissolve 0.500 g in dinrelhylformamid, R and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use or keep at 2-8 °C for notmore than 6 h.
SoIu,ion A methanol RJ, acetonitrile RJ (20:80 VIV).
Solution B Dissolve 1.56 g of sodium dihydrogen phosphate R
in 900 mL of waterR. Add 7.0 mL of phosphoric acidR and
dilute to 1000 mL with waterR.
Blank solution Solution B, solution A (30:70 VIV).
Testsolution Dissolve 50.0 mg of the substance to be
examined in 35 mlr of solution A and sonicate for about
1 min. Add 13 mL of solution H, mix and sonicate for about
I min. Dilute to 50.0 mL with solution B and mix.

Reference solution (a) Dissolve 70.0 mg of sulU2mici/lin
wi/ale CRS in 35 mL of solution A and sonicate for about
I min. Add 13 mL of solution B, mix and sonicate for about
I min. Dilute to 50.0 mL with solution B and mix.
Reference sdution (b) Suspend 15 mg of sultamiciRin
UJ,ilate GRS in 20 mL of a 0.4 gIL solution of sodium
hydroxide R and sonicate in an ultrasonic bathfor about
5 min. Add 20 mL of a 0.36 gIL solution of hydrochloric
acidR and dilute to 100 mL with water R.
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- atry other impurity: for each impurity, not more than
0.3 times the area of the peak due to sultamiciUin in the
chromatogram obtainedwith reference solution (e)
(0.3 per cent);

- total: not more than 3 times the area of the peakdue to
sultamicillin in the chromatogram obtainedwithreference
solution (c) (3.0 per cent);

- disregard limit: 0.1 times the area of the peakdue to
sultamicillin in the chromatogram obtainedwith reference
solution (c) (0.1 per cent).

Ethyl acetate
Head-space gas chromatography (1.1.18).

Testsolution Dissolve 0.200 g in 7.0 mL of a mixture of
I volume of waterRand 99 volumes of dimethy/flm11amide R.
Reference solution Dissolve 0.100 g of ethylaceUlU R in
240 mL of a mixture of 1 volume of waterRand 99 volumes
of dimethylformomide R and dilute to 250.0 mL with the same
mixture of solvents. Dilute 5.0 mL of this solution to 7.0 mL
with a mixture of 1 volume of waterRand 99 volumes of
dimethyljlm11amide R.
Close tire vials immediately with a tight rubber membrane stopper
coatedwith polytetrajluoroethy/ene and sewn with an aluminium
crimped f:.llp. Shaketo obtaina homogeneous solution.
Column:
- material: fused silica;
- size: I;:;; 50 m, 0 ;:;; 0.32 mm;
- stationary phase: methylpo/ysiJoxane R (film thickness:

1.8 urn or 3 pm).

Carrier gas helium for chromatOgraphy R.
Linearvelocity 35 cm/s.
SpiJi ratio 1:5.
Static head-space conditions that may be used:
- equilibraufm temperature: 105°C;
- equilibration time: 45 min;
- transfer-line temperature: 110 °Cj
- pressurisation time: 30 s.

Temperature:

Sultamicillin 11-1057

CZSH30N<l09SZ in su/ramiciJiin tosiiau CRS and by multiplying
the sultamicillin tosilate content by 0.7752.

STORAGE
In an airtight container.

IMPURITffiS
Specified impurities AJ BJ CJ DJ E, FJ G.

A. (2S,5R)-3,3-<1imethyl-7 -oxo-4-thia-I-azabicyclo
[3.2.0]heptane-2-carboxylic acid 4,4-dioxide (sulbactam),

B. 4-methylbenzenesulfonic acid (p-toluenesulfonic acid),

Ho . CD.2.H
H. NH2 )--~-<-'CH3

ifi· ~··H--S><CH3
I H H

"" 0

C. (2S,5R,6R)-6-[[(2R)-2-amino-2-phenylacetyl]amino]-3,3­
dimethyl-7-oxo-d-thia-f-azabicyclo]3.2.0lheptane-2­
carboxylic acid (ampicillin),

Detection Flame ionisation.
Injection 1 mL.
ReJau've retention With reference to dimethylformamide
(retention time = about 14 min):emyl acetate = about 0.7.
Limit:
- ethyl acelate: maximum 2.5 per cent.

Water (1.5.11)
Maximum 1.0 per cent, determined on 0.50 g.

Sulfuted ash (1.4.1<1)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (1.1.19) as described in the test for
related substances with the following modifications.
Injection Test solution and reference solution (a).
Calculate the percentage content of sultamicillin
(C2,H,.N.09S,) from the declared content of

Column

Injection port

Detector

Time
(min)

0-0

6- 16

16 - 18

Temperature
CCJ
70

70 --J 220

220

140

2;0

D. [[(2R)-aminophenylacetyl]amino] [(4S)-4-[[[[[(2S,5R)-3,3­
dimethyl-4,4,7-triOXO-4A6-thia-I-azabicyclo[3.2.Olhept-2­
yl]carbonyl]oxy]methoxy]carbonyl]-5,5­
dimethylthiazolidin-2-yllacetic acid (penicilloic acids of
sultamicillin),

E. methylene (2S,5R,6R)-3,3-dimethyl-6-[[(2R)-[(I-methyl­
4-oxopentylidene)aminol phenylacetyl]aminol-7-ox<>-4­
thia-I-azabicyclo[3.2.0]heptane-2-carboxylate (2S,5R)-3,3­
dimethyl-7-oxo-t-oxa-f-azabicyclc[3.2.0] heptane-2­
carboxylate,
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_______---'- PIlE...

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sultamidllin tosikue CRS.

TESTS
Specific optical rotation (2.2.7)
+ 178 to + 195 (anhydrous substance).

Dissolve 1.000 g in dimethylfotmamide R and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepare the sohuions
immediately before useor keep at 2-8 °C for ~ot more than 6 h.
Solution A methanol R1, aceUJnitrile RJ (20:80 VII').
Solution B Dissolve 1.56 g of sadium dihydrogen phosphate R
in 900 mL of waterR. Add 7.0 mL ofphosphoric acidRand
dilute 10 1000 mL with waterR.
Blank solution Solution B, solution A (30:70 VII').

Test solution Dissolve 70.0 mg of me substance to be
examined in 35 mL of solution A and sonicate for about
1 min. Add 13 mL of solution B, mix and sonicate for about
1 min. Dilute to 50.0 mL with solution B and mix.
Reference solution (a) Dissolve 70.0 mg of sultamicillin
zosiJau CRS in 35 mL of solurionA and sonicate for about
1 min. Add .3 mL of solution B, mix and sonicate for about
1 min. Dilute to 50.0 mL with solution B and mix.
Reference solution (b) Suspend 15 mg of the substance to be
examined in 20 mL of a 0.4 gIL solution of sodium
hydroxide R and sonicate in an ultrasonic bath for about
5 min. Add 20 mL of a 0.36 gIL solution of hydrochlori<
acidR and dilute to 100.0 mL with waterR.
Reference solution (c) Dissolve 0.200 g of the substance to be
examined in 70.0 mL of solution A and sonicate for about
1 min. Add 25.0 mL of solution B, mix and sonicate for
about 1 min. Dilute to 100.0 mL with solution B and mix.
Dilute 1.0 mL of this solution 10 100.0 mL with the blank
solution.
Reference solution (d) Dissolve 32.3 mg of ampiciOin
trihydrate CRS (impurity B) and 7.0 mg of sulbaaam CRS
(impurity A) in water R and dilute to 1000 mL with the same
solvent.

dimethyl-4,4,7-trioxo-a),6-thia-I-azabicyclo[3.2.0] heptane-2­
carboxylate dihydrate.

Semi-synthetic product derived from a fermentation product.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
It is considered that alkyl toluenesulfonate estersare
genotoxic and arepotential impurities in sultamicillin tosilate
dihydrate. The mannfaeturing process should be developed
taking into consideration the principles of quality risk
management, together with considerations of the quality of
starting materials, process capability and validation.
The general method 2.5.40. Methyl, ethyland isopropyl
to/uenesulfonate in active substances is available to assist
manufacturers.

G. methylene (2S,5R,6R)-6-[[(2R)-[[[[(2R)­
aminophenylacetyl]amino) [(4S) -4- [[[[ [(2S,5R)-3,3­
dimethyl-4,4,7-trioxo-41"~-thia-I-azabicyclo[3.2.0)hept-2­
yl)ca<bonyl]oxy)methoxy)carbonyl)-5.5­
dimethylthiazolidin-2-yl]acetyl)amino]phenylacetyl]
amino)-3,3-dimethyl-7-oxo-4-thia-I-azabicyclo[3.2 .0]
heptane-Z-carbcxylate (2S,5R)-3.3-dimethyl-4,4,7-trioxo­
41,,6_thia-I-azabicyclo[3.2.0]heptane-2-carboxylate
(sultamicillin dimer).

F. methylene (2S,5R,6R)-6-[[(2R)-[[[(2S,5R,6R)-6-[[(2R)­
aminophenylacetyl)amino]-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]hept-2-yl)carbonyl]amino)phenylacetyl]
amino)-3,3-dimethyl-7-oxo-4-thia-I-azabicyclo[3.2.0J
heprane-z-carboxylate (2S,5R)-3,3-dimethyl-4,4,7-trioxo­
41,,6-thia-I-azabicyclo[3.2.0]heptane-2-carboxylate
(ampicillin sultamicillin amide),

(ph. Bur. monograph 2212)

Sultamicillin Tosilate Dihydrate

PIlE... _

Action and use
Bera-lactamase inhibitor.

DEFINITION
4-Methylbenzenesulfonate of methylene (2S,5R,6R)-6-
[[(2R)-aminophenylacetyl]amino]-3,3-dimethyl-7-oxo-4-thia­
l-azabicyclo[3.2.0)heptane-2-carboxylate (2S,5R)-3,3-
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A. (2S,5R)-3,3-dimethyl-7-oxo-l-thia-l-azabicyclo
[3.2.0]beptane-2-carooxylic acid 4,4-<lioxide(sulbactam),

immediately close the vialswith a tight robber membrane stopper
coated with polyutrafluoroethylene and secure with an aluminium
crimped cap. Shake to obtain a homogeneous solution:
Column:
- material: fused silica;
- size: 1= 50 m, 0 = 0.32 mm;
- stationary phase: methylpalysiloxane R (film thickness:

1.8 urn or 3 um),

Carrier gas helium for chromatography R.
Linearvelocity 35 cm/s.

Sp/ir rario 1:5.

Static head-space conditions that may beused:
- equilibration temperature: 105 °c;
- eqUIlibration time: 45 min;
- transfer-line temperature: 110 °C;
- pressunsation time: 30 s.

Temperature:

Detection Flame ionisation.

Injection 1 mL.

Relative retention With reference to dimethylfonnamide
(retention time = about 14 min): ethyl acetate = about 0.7.

Limit.
- ethylacetate: maximum 2.0 per cent.

Water (2.5.12)
4.0 per cent to 6.0 per cent) determined on 0.200 g.

Sulfated ash (2.4.14)
Maximum 0.2 per cent) determined on 1.0 g.

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of sultamicillin tosilate
(C32Hj8N,,0I2S:J) from the declared content of sultamiciOin
tasi/ate CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities AJ B, C, D, E, F, G.

70
70 --> 220

220

140

250

Temperature
("C)

Time
(min)

0·6

6 - 16

16 - 18

Column

Injection pon

Detector

Tim. Mobile phase A MobUe phase B
(min) (per cent VIJ? (per cent VIV)

0-15 95 -J 30 5 -J 70

15·16 30 70

16·16.5 30 ...... 95 70 ..... 5

16.5 - 20 95 5

Column:
- size: 1= 0.10 ill, 0 = 4.6 mm;
- stationary phase: octadecylsilyl silica gelfor chromatography R

(3.5 urn);
- temperature: 25°C.

Mobile phase:
- mobile phase A: 4.68 gIL solution of sodium di!Jydrogen

phosphate R adjusted to pH 3.0 with phosphori< acidR;
- mobile phaseB: acetonitrile Rl,;

F/Qw rate 1.0 mUmin.

Detection Spectrophotometer at 215 om.

Injection 5 JlL of the blank solution, the test solution and
reference solutions (b), (c) and (d).

Relative retention With reference to sultamicillin (retention
time =about 9.3 min): impurity A = about 0.41i ampicillin
penicilloic acid =aboUl.0.47; tosilate = about 0.50,;
impurity B =about 0.55; impurity C =about 0.94;
impurity D =about 1.09; impurity F =about 1.23,;
impurity E =about 1.26; impurity G =about 1.42.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

ampicillin penicilloic acid and tosilate and minimum 2.5
between the peaks due to toailate and impurity B.

Limits:
- impun·ty B: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (d) (2.0 per cent);

- impun·ty A: nor more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (d) (0.5 per cent);

- impurities C, D, E, P, G: for each impurity, not more than
0.5 times the area of the peak due to sultamicillin in the
chromatogram obtained with reference solution (c)
(0.5 per cent);

- al'ry other impurity: for each impurity, nor more man
0.5 times the area of the peak due to sultamicillin in the
chromatogram obtained with reference solution (c)
(0.5 per cent);

- ICtal: not more than 4 times the area of the peak due to
sultamicillin in the chromatogram 0 brained with reference
solution (c) (4.0 per cent);

- disregard limit. 0.1 times the area of the peak due to
sultamicillin in the chromatogram obtained with reference
solution (c) (0.1 per cent).

Ethyl acetate
Head-space gas chromatography (2.2.28).

Test solutWn Dissolve 0.200 g in 7.0 mL of a mixture of
I volume of waterRand 99 volumes of dimethylfarmamUle R.
Reference SolUlion Dissolve 0.200 g of ethyl euetate R in
240 mL of a mixture of I volume of waterR and 99 volumes
of dimethylfarmamide R and dilute to 250.0 mL with the same
mixture of solvents. Dilute 5.0 mL of this solution to 7.0 mL
with a mixture of I volume of waterRand 99 volumes of
dimethylfarmamUle R.
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B. (ZS,5R,6R)-6-[[(2R)-2-amino-2-phenylaeetyl]amino]-3,3­
dimethyl-7-oxo-e-thia-I-azabicyclo[3.2.0]heptane-z­
carboxylic acid (ampicillin),

C. [[(2R)-aminophenylaeetyl]amino] [(4S)-4-[[[[[(ZS,5R)­
3,3-dimethyl-4,4,7-trioxo-41.6-thia-I-azabicyclo
[3.2.0]hept-2-yl]eawonyl]oxy]methoxy]earbonyl]-5,5­
dimethylthiazolidin-2-yl]acetic acid (penicilloic acids of
sultamicillln),

G. methylene (2S,5R,6R)-6-[[(2R)-[[[[(2R)-amino­
phenylacetyl]amino] [(4S)-4-[[[[ [(2S,5R)-3,3-<1imethyl­
4,4,7-trioxo-41.6-thia-I-azabicyclo[3.2.0]hept-2-yl]­
earbonyl]oxy]methoxy]earbonyl]-5,5-dimethylthiazolidin­
2-yl]acetyl] amino]phenylacetyl]amino]-3,3-dimethyl-7­
oxo-4-thia-I-azabicyclo[3. 2.0] heptane-z-carboxylate
(2S,5R)-3,3-dimethyl-4,4,7-trioxo-41.6-thia-Lazabicyclo
[3.2.0]heptane-2-carboxyla'e (sultamiciUin dimer).

___________________ PIIE<I

D. methylene (2S,5R,6R)-3.,3-dimethyl-6-[[(2R)-[(I-methyl­
4-oxopentylidene)amino]phenylaeetyl]amino]-7-oxo-4­
thia-I-azabicyclo[3.2.0]heplane-2-carboxylate (ZS,5R)-3,3­
dimethyl-7-oxo-4-oxa-I-azabicyelo[3.2.0]heptane-2­
carboxylate,

Sumatriptan

Action and use
Serotonin 5HT1 receptor agonist; treatment of migraine.

Preparation
Sumatriptan Nasal Spray

DEFINITION
Sumatriptan is 3-(2-dimethylaminoethyl)indol-5-yl-N­
methylmethanesulfonamide. It containsnot less than 97.5%
and not more than 102.0% of C14H21N30ZS, calculated with
reference to the anhydrous substance.

CHARACTERISTICS
A white to pale yellow powder. Very slightly soluble in water.

IDENTIFICATION
The infrared absorption spettntm, Appendix IT A, is concordant
with the re/erencispeclrUm of sumatriptan (RS 414).

TESTS
The total impurity content in the test for Impurities A and H
and the test for Related substances is not greater than 1.5%.

Impurldes A and H
Carry out the method for liquidchromatography,
Appendix III D. Prepare the solutions in a mixture
containing 3 volumes of 0.025M. sodium dihydrogen
onhophosphate, the pH of whichhas been adjusted to 6.5, and
I volumeof acetonitrile (solution A).
(I) 0.2% wlv of the substance being examined.

(2) Dilute I volume of solution (1) to 100 volumes.

10162846-2295.4

E. methylene bis[(ZS,5R)-3,3-dimethyl-4,4,7-trioxo-41.6-thia­

l-azabicyclo[3.2.0]heptane-2-carboxyla'e] (sulbaetam
methylene ester),

F. methylene (2S,5R,6R)-6-[[(2R)-[[[(2S,5R,6R)-6-[[(2R)­
aminophenylaeetyl]amino]-3,3-dimethyl-7-oxo-4-thia­
l-azabicyclo[3.2.0]hept-2-yl]carbonyl]amino]­
phenylaeetyl]amino]-3,3-dimethyl-7-oxo-4-thia-l­
azabicyclo[3.2.0]hep'ane-2-carboxylate (2S,5R)-3,3­
dimethyl-4,4,7-trioxo-41.6-thia-I-azabicyclo[3.2.0J heptane­
2-earboxylate (ampicillin sultamicillln amide),
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(3) Dilute the contents of a vial of sumasripum for system
suitability EPCRS to I mL with the mobile phase.

CHROfooolATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with ,,7kagelforchrommography (5 pm) (Spherisorb silica
S5W is suitable).

(b) Use isocratic elution and the mobilephasedescribed
below.

(e) Use a flow rate of 2.0 mL per minute.

(d) Use an ambient column temperature.
(e) Use a detection wavelength of282 om.

(f) Inject 20 ~L of each solution.

(g) For solution (I) allow the chromatography to proceed for
5 times the retention time of the principal peak.

MOBILE PHASE

10 volumes of 10M. ammonium aatate and 90 volumes of
methanol.

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtained with
solution (3) resembles that supplied with sumaoipum for
sy>rem suitability EPCRS and the resolurion between
impurity A and sumatriptan is at least 1.5.

LIMITS

In me chromatogram obtained with solution (1):

the area of any peakcorresponding to impurity A is not
greater than the area of the principal peak in the
chromatogram obtainedwith solution (2) (0.6%; taking into
account the correction factor of 0.6 for impurity A);
the area of any peak due to impurity H is not greater than
0.3 times the area of the principal peak in the chromatogram
obtained with solution (2) (0.3%).

Related substances
Carry out the method for liquidchromawgraphy,
Appendix ill D. Prepare the solutions in a mixture
containing 3 volumes of 0.025M sodium dihydrogen
orthaphosphate, the pH of which has been adjusted to 6.5, and
I volumeof acetonitrile (solution A).
(I) 0.2% wlv of the substance being examined.

(2) Dilute J volume of solution (I) to 100 volumes and
further dilute I volume of the resulting solution to
10 volumes.
(3) Dilute the contents of a vialof sumouipum
impun·zy mixture EPCRS to I mL with the mobilephase.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with o<cadecyhilyl silica gelfor chromaUJgraphy (5 um)
(Spherisorb ODS I is suitable).

(b) Use isocratic elution and the mobilephasedescribed
below.
(c) Use a flow rate of 1.5 mL per minute.
(d) Use an ambient column temperature.
(e) Use a detection wavelength of 282 nm.

(l) Inject 20 ~L of each solution.

MOBILE PHASE

Mix 25 volumes of acetonitrile with 75 volumes of a solution
containing 0.97 g of dibutylamine, 0.735 g of onhophosphori;;
add and 2.93 g of sodium dihydrogen orrhophosphate in
750 mL water, adjust to pH 6.5 with 10M sodium hydroxide
and dilute to 1000 mL with water.

Sumatriptan 11-1061

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution factor between the peaksdue
to impurity C and sumatriptan is at least 1.5.

LIMITS

In the chromatogram obtained with solution (I):

the areas of any peakscorresponding to impurities BJ C and
D arenot greater than 5 times the area of the principal peak
in the chromatogram obtained with solution (2) (0.5% of
each);
the area of any peakcorresponding to impurity E is not
greater than the area of the principal peak in the
chromatogram obtainedwith solution (2) (0.1%);

the area of any other secondary peak is not greater than the
areaof the principal peak in the chromatogram obtained with
solution (2) (0.1%).

Disregard any peakwithan area less than 0.5 times the area
of the principal peakin the chromatogram obtained with
solution (2) (0.05%).

Water
Not more than 1.0% wlw, Appendix IX C. Use 1.0 g.

ASSAY
Carry out the method for liquid chromawgraphy,
Appendix III D. Prepare solutions (I) and (2) in a mixture
containing 3 volumesof 0.025M sodium dihydrogen
on1wphosphate, the pH of whichhas been adjusted to 6.5, and
I volume of acetonitrile (solutionA).
(I) 0.01% wlvof the substance being examined.
(2) 0.014% wlv of sumatripum sucanate BPCRS.
(3) Dilute the contents of a vial of sumam"ptan
impun"lY mixture EPCRS to I mL with the mobilephase .

CHROMATOGRAPHIC CONDITIONS

The chromatographic conditions described underRelated
substancesmay be used.

SYSTEM SUITABILITY

The Assayis not valid unless, in the chromatogram obtained
with solution (3), the resolution between the peaksdue to
impurity C and sumatriptan is at least 1.5.

DETERMINATION OF CONTENT

Calculate the content of C14H2LN302S using the declared
content of CI.JI21N302S,C4,H60" in sumauiptan
sm:dnate BPCRS. Each 1 mg of CI~21N302S is equivalent
to 1.4 mg ofC,.,H21N,O,S,C,H.O,.

STORAGE
Sumatriptan should be protected from light.

IMPURITIES

o 0
\\ II

HaC..... ,.,5

~

A. [3-[2-(dimethylamino)ethyl]-2-[[3-[2-(dimethylamino)
ethyl] -IH-indol-5-yl] methyl]-lH-indol-5-yl] -N­
methylmethanesulfonamide,
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II-1062 Sumatriptan Succinate 2022

103628-48-4413.5

(Ph. Eur. monograph 1571)

Action and use
Serotonin SIfT I receptoragonist; treatment of migraine.

Preparations
Sumarriptan Injection
Sumatripran Tablets

Sumatriptan Succinate

N-R2
r

H3C

R1
/

N

j

B. RI =R2 =H: N-methyl[3-[2-(methylamino)ethyl]-IH­
indol-5-yl]methanesulfonamide,

C. RI = CH2-OH, R2 = CH,: [3-[2-(dimethylamino)ethyl)­
1-(hydroxymethyl)-IH-indol-5-yl]-N­
methylmethanesulfonamide,

N-CH3
/ \

H3C 0

D. N,N-dimethyl-2-[5-[(methylsulfamoyl)methyl]-IH-indol-3­
yl)ethanamine N-oxide,

E. [3-(2-aminoethyl)-IH-indol-5-yl]-N­
methylmethanesulfonamide,

F. R = H: N-methyl(2.3,4,9-tetrahydro-IH-pyrido[3,4-b]
indol-ti-yfjmethanesulfonamide,

G. R = CH,: N-methyl(2-methyl-2,3,4,9-tetrahydro-IH­
pyrido[3,4-b]indol-6-yl)methanesulfonamide,

N-CH3
/

H3C

H. [3-[2-(dimethylarnino)ethyl)-I-([3- [2-(dimethylamino)
ethyl]-IH-indol- 5-yl]rnethylj-I H-indol-5-yl]-N­
methylmethanesulfonamide.

1'hE" _

DEFINITION
1-[3- [2-(Dimethylamino)ethyl]-I H-indol-5-yl]-N­
methylmethanesulfonamide hydrogen butanedioate.
Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhitepowder.
Solubllity
Freely solublein water, sparingly soluble in methanol,
practically insoluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison sumaoiptansuccinate CRS.

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR anddilute to
25.0 mL withthe same solvent.
pH (2.2.3)
4.5 to 5.3.

Dilute 2.5 rnL of solution S to 10 rnL with carbon dioxide-free
waterR.

Absorbance (2.2.25)
Maximwn 0.10, determined at 440 nm on solution S.

Impurities A and H
Liquid chromatography (2.2.29).

Test sohuion Dissolve 30.0 mg of the substance to be
examined in themobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution "(a) Dilute 1.0 rnL of the test solution to
100.0 rnL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 3 mg of sumauipum for system
suitability CRS (containing impurities A andH) in the mobile
phaseanddilute to 1.0 mL with the mobile phase.
Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- suuionary phase: silka gelfor chromatography R (5 um).

Mobile phase "'lix 10 volumes of a 771 gIL solution of
ammonium aatale R and 90 volwnes of methanol R.
Flow rate 2.0 mlJrnin.
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2022 Sumatriptan Succinate II-l063

N-- CH3,
H,C

obtainedwithreference solution (b) to identify the peaksdue
to impurities BJ C, D and E.
Relative retention With reference to sumatriptan (retention
time = about 7 min): impurity E =about 0.5;
impurity B = about 0.6; impurity D = about0.7;
impurity C = about 0.8.

System suitability Reference solution (b):
- resolution: minimum 1.5belWeen me peaks due to

impurity C and sumatriptan;
- the chromatogram shows 5 clearly separated peaks.
Limits:
- impurities BJ CJ D: for each impurity, not more than

5 times the area of the principal peak in me
chromatogram obtained with reference solution (a)
(0.5 per cent);

- impurity E: not more than 1.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak In the chromatogram obtained
withreference solution (a) (0.10 per cent);

- total: not more than 6 times me area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.6 per cent);

- disregard limir: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Inj~tion Test solution (b) and reference solution (c).

Calculate the percentage content of C1sH27NJ06S taking
into account the assigned content of sumatriptan
succinate CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities AJ BJ CJ D, EJ H.
Other detectable impurUies (thefollowing subS/ances would, if
present at a sufficient level) be detected by one orother 0/the tests
in the monograph. They are limited by thegeneral acceptance
cruenon for other/unspecified impuniies and/or by the general
monograph Subsumces for pharmaceutical use (2034). It is
therefore not neussary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impun'ties
in substances forpharmaceutical use) F) G.

A. 1-[3-[2-(dimethylamino)ethyl]-2-[[3-[2-
(dimethylamino)ethyl]-IH-indol-5-yl]methyl]-IH-indol-5­
yl]~N-methyhnethanesulfonamide,

Detection Spectrophotometer at 282 run.

Injection 20 ~L.

Run time 5 times theretention time of sumatriptan.
Identification of impun',ies Use the chromatogram supplied
with sumatripum for system suitability CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peaksdue to impurities A and H.
ReJau've retention With reference to sumatriptan (retention
time = about 2 min): impurity A == about 1.9;
impurity H =about 2.6.

Systemsuitability Reference solution (b):
- resolution: minimum 3.0 between the peaksdue (0

impurities A and H.
Limits:
- correction factor. for the calculation of content, multiply the

peak area of impurity A by 0.6;
- impun"ty A: not more than 6 times the area of the

principal peak in the chromatogram obtainedwith
reference solution (a) (0.6 per cent);

- impun",y H: not more than 3 times the area of the
principal peak in the chromatogram obtainedwith
reference solution (a) (0.3 per cent).

Related substances
Liquid chromatography (2.2.29).

Solution A Dissolve 2.925 g of sodium dihydrogen
plwsphote R in 600 mL of waterR, adjust to pH 6.5 with
strong sodium hydroxide solmum RJ dilute to 750 mL with
waterR, add 250 mL of au""'irrile R aod mix.

Testsolution (a) Dissolve 30.0 mg of thesubstance to be
examinedin the mobilephase and dilute to 10.0 mL with
the mobile phase.

Tesr solution (b) Dissolve 15.0 mg of the substance to be
examinedin solution A and dilute to 100.0 mL with
solution A.
Reference solurion (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve the contents of a vial of
sumairiptan impun''Y mixture CRS (containing impurities B, C,
D aod E) in the mobile phase and dilute to 1 mL with the
mobile phase.
Reference solution (c) Dissolve 15.0 mg of sumatriptan
succinate CRS in solution A and dilute to 100.0 mL with
solution A.
Column:
- size: 1== 0.25 m, 0 = 4 nun;
- stationary phase: ocrade<:ylsilyt silica gelfor chromarography R

(5 pm).

Mobile phase Mix 25 volumes of aceronilrile R with
75 volumesof a solution prepared as follows: dissolve
0.970 g hf diburylamine R, 0.735 g of plwsphonc acid Rand
2.93 g of sodium dihydrogen plwsphate R in 750 mL of
waterR, adjust to pH 6.5 with strong sodium hydroxide
solution R and dilute to 1000 mL with water R.

Flow rare 1.5 mUmin.
Delation Spectrophotometer at 282 run.
Inj~uUn 10~ of test solution (a) and reference
solutions (a) and (b).

Run time 4 times the retention time of sumatriptan.
Idenujication of impurities Use the chromatogram supplied
with sumatriptan impun·ty mixture GRS and the chromatogram
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II-1064 Sunflower Oil

B. N-methyl-I-[3-[2-(methylamino)ethyl]-I H-lndol-5­
yl]methanesulfonamide,

C. 1-[3-[2-(dimethylamlno)ethyl]-I-(hydroxymethyl)-IH­
indol-5-yl]-N-methylmethanesulfonamide,

D. N,N-dimethyl-2-[5-[(methylsulfamoyJ)methyl)-IH-lndol-3­
yl)ethan-I-amine N-oxide,

OO~~,,9'. I
~c ... ~ ...s

NH,

E. 1-[3-(2-aminoethyl)-IH-lndol-5-yl]-N­
methylmethanesulfonamide,

F. N-methyl-I-(2,3,4,9-tetrahydro-IH-pyrido[3,4-b)lndol-6­
yl)methanesulfonamide,

G. N-methyl-I-(2-methyl-2,3,4,9-tetrahydro-IH-pyrido[3,4­
b)lndol-6-yl)methanesulfonamide,

H. 1-[3-[2-(dimethylamlno)ethyl)-I-[[3-[2-
(dimethylamino)ethyl)-IH-lndol-5-yl]methyl]-1 H-indol-5­
yl]-N-methylmethanesulfon amide.

___________________ PhE«

2022

Refined Sunflower Oil
(Ph. Eur. monograph 1371)
PhE« _

DEFINITION
Fatty oil obtained from the seeds of Helianthus annuus L.
by mechanical expression or by extraction. It is then refined.
A suitable antioxidant may be added.

CHARACTERS
Appearance
Clear, light yellow liquid.

Solubility
Practically insoluble in water and in ethanol (96 per cent),
miscible with light petroleum (bp: 40-60 'C).

Relative density
About 0.921.

Refractive index
About 1.474.

IDENTIFICATION
Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained is similar [0 the
corresponding chromatogram shown in Figure 2.3.2.-1.

TESTS
AcId value (2.5.1)
Maximum 0.5, determined on 10.0 g.

PeroxIde value (2.5.5, MethodA)
Maximum 10.0.

Unsaponlfiable matter (2.5.7)
Maximum 1.5 per cent, determined on 5.0 g.

Alkallne impurities (2.4.19)
It complies with the test.

Composition of fatty acids (2.4.22, MethodA)
Use the mixture of calibrating substances In Table 2.4.22.-3.

Composition of thefauy-acid fraction of the oil:
- palmitic acid: 4.0 per cent to 9.0 per cent,
- steam acid: 1.0 per cent to 7.0 per cent,
- o/ek acid: 14.0 per cent to 40.0 per cent,
- linoleic acid: 48.0 per cent to 74.0 per cent

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In an airtight, well-filled container, protected from light.

LABELLING
The labelstates whether the oil is obtained by mechanical
expression or by extraction.
____________________ PhE«
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2022 Suxibuzone 11-1065

PhE" _

2747()-51-5438.5

Q 0 0

~~O~C02Ho i ~CH3

PhE" _

Action and use
Cyclo-oxygenase inhibitor; analgesic; anti-inflammatory.

___________________ PhE<r

Reference solution Dissolve 0.4 g of suxamethonium
chloride CRS and 2 mg of choline chloride R in methanol Rand
dilute to 10 mL with the same solvent.
Apply to the plate 5 JlL of each solution. Prepare the mobile
phase as follows: shake together for 10 min] JO volwnes of
anhydrous formic acidR, 40 volumes of waterRand
50 volumes of butanol R; aUow to standand use the upper
layer. Develop over a path of 15 ern. Dry the plate in a
current of airand spray with potassium iodobiomnhote
solution R. Any spot in the chromatogram obtained with the
test solution, apart from the principal spot, 'S not more
intense than the spot corresponding to cholinechloride in the
chromatogram obtained with the reference solution
(0.5 per cent). The test is not valid unless the chromatogram
obtainedwith the reference solution shows two clearly
separated spots.

Water (2.5.1 Z)
8.0 per cent to 10.0 per cent, determined on 0.30 g by the
semi-micro determination of water.

Sulfated ash (2.4.14)
Not more than0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 50 mL of acetic anhydnlie R. Titrate with
O. I M perchloric acid, determining the end-point
potentiometrically (2.2.ZI1).

I mL of 0.1 M perchloric acidis equivalent to 18.07 mg of
C,.H,oCl,N,O•.

STORAGE
Store in an airtight container, protected from light.

(Ph. Eur. monograph /574)

Suxibuzone

DEFINlTION
4-[(4-Butyl-3;5-dioxo-l,2-diphenylpyrazoUdin-4-yl) methoxy]­
d-oxoburanoic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in acetone,
soluble in ethanol (96 per cent), practically insoluble in
cyclohexane.

6101-15-1397.3

(Ph. Eur. monograph 0248)

Action and use
Depolarizing neuromuscular blocker.

Preparation
Suxamethonium ChlorideInjection

CHARACTERS
A white or almost white, crystaUine powder,hygroscopic,
freely soluble in water, slighrly soluble in alcohol.
It melts at about 160 DC, determined without previous
drying.

IDENTIFICATION
First idemifirotion: A, D.'
Second identijkation: B, C, D.
A. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
suxamethonium chloride CRS. Examine the substances
prepared as discs.
B. To I mL of solution S (see Tests) add 9 mL of waterR,
10 mL of dilute sulfuric acidRand 30 mL of ammonium
reinechate solution R. A pink precipitate is formed, Allow to
standfor 30 min, filter, wash with waterR, with akohol R
and then with ether R and dry at 80°C. The meltingpoint
(2.2.14) of the precipitate is 180"C to 185 "C.

C. Dissolve about 25 mg in 1 mL of waterR and add
0.1 mL of a 10 gIL solution of cobaltehlonlie Rand 0.1 mL
of potassium ferrocyanide solution R. A green colour is
produced.

D. About 20 mg gives reaction (a) of chlorides (2.3. I).

TESTS
Soludon S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is clear (2.Z.I). Dilute 4 mL of solution S to
10 mL withwaterR. The solution is colourless (2.2.2,
MethodIi).

pH (2.2.3)
Dilute I mL of solution S to 10 mL with carbon dioxide-free
water R. The pH of the solution is 4.0 to 5.0.

Choline chloride
Examine by thin-layer chromatography (Z.2.Z7), using
cellulose forchromatography Rl as the coating substance.
Test solution Dissolve 0.4 g of me substance to be examined
in methanol R and dilute [0 10 mL with the same solvent.

DEFINITION
Suxamel:honium chloride containsnot less than 98.0 per cent
and not more than the equivalent of 102.0 per cent of
2,2'-[butanedioylbis(oxy)]bis(N,N,N-trimethylethanaminium)
dichloride, calculated with reference to the anhydrous
substance.

Suxamethonium Chloride
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II-1066 Suxibuzone

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison suxibuzone CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method If).
Dissolve 1 g in anhydrous ethanol R and dilute to 20 mL with
the same solvent

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.10 g of the substance to be
examined in aalOnitrile Rand dilute to 25.0 mL with the
same solvent.

Reference solution (a) Dissolve 2.8 mg ofphenylbutazone CRS
(impurity A), 2.8 mg of ruxibuzone impurity B CRS and
2.8 mg of ruxibuzone impurity C CRS in QUwnitrile R and
dilute '0 10.0 mL with the same solvent. Dilute 1.0 mL of
the solution to 10.0 mL withQaeonitri/e R.
Reference solution (b) Dissolve 4 mg of phenylbutazone CRS
(impurity A) in auwnitrileRand dllute to 100.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mLwith
acetonitrile R.
Reference solution (c) Dissolve 10 mg ofphenylbutazone CRS
(impurity A) in auwnitrile R and dilute '0 25.0 mL with the
same solvent. Mix 10.0 mL of this solution with 1.0 mL of
the test solution and dilute the mixture to 25.0 mL with
acetonitrile R.
Column:
- size: 1= 0.125 m, 0 = 4.0 mm;
- stationary phase: octade<y/si/yl silica gelfor chromawgraphy R

(5 urn).

Mobile phase Mix 44 volumes of auwnitrile R and
56 volumes of a solution prepared as follows: dissolve 6.7 g
of ciuic acidmonohydrate Rand 2.4 g of tris(hydroxymethyl)
aminomethane R in 950 mL of waterR, adjust to pH 3.0 wilh
citric acidmonohydrate Rand dilute '0 1000 mL with waterR.
Flow rate 1 mUmin.

Detection Spectrophotometer at 250 nm.

Injection 10~.

Relativeretention With reference to suxihuzone (retention
time =about 7 min): impurity C =0.7; impurity A =1.4;
impurity B =3.3.

System suitability Reference solution (c):
- resolution: minimum of 2.0 between the peaks due to

suxibuzone and impurity A.

Limits:
- impun"ty A: not more than the areaof the corresponding

peak in the chromatogram obtained withreference
solution (a) (0.7 per cent),

- impurity B: not more than the areaof the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.7 per cent);

- impuni:y C: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (a) (0.7 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with referencesolution (b) (0.10 per cent);

- total: not more man 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.0 per cent);

2022

- disregard limit: 0.1 times the area of the peak due to
impurity A in the chromatogram obtained with reference
solution (a) (0.07 per cent),

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven in vacuoat 60 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in previously neutralised anhydrous ethanol R
and dilute to J0 mL with the same solvent. Carry out a
potentiometric titration (2.2.20) using 0.1 M sodium
hydroxide.
1 mL of 0.1 M sodium hydroxide is equivalent '0 43.85 mg of
C,.,!f,oN,O•.

STORAGE
Protected from light.

IMPURITIES
Specified impurilies A, B, C.

~o
~N~
r'1(N-('H - CH3

0 0

A. 4-butyl-I,2-diphenylpyrazolidine-3,5-dione
(phenylbutazone),

B. (4-butyl- 3,5-dioxo-l,2-diphenylpyrazolidin-4-yl)methyl
ethyl buranedioate,

C. 4-hutyl-4-(hydroxymethyl)-1 ,2-diphenyl-1 ,2-dihydro-4H­
pyrazole-3,5-dione.

____________________ PhE"
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2022 Tacalcitol Monohydrate 11-1067

CH,

PhE.r ~__

- stationary phase: end-capped octad«y!.silyl silica gelfor
chromatography R (5 pm).

AlobiJe phase waterfor chromatography R, acewnitrile R
(40:60 VII').
Flow rale 2 mUmin.
Detection Spectrophotometer at 265 om.

Injection 50 ilL of the test solution and reference
solutions (b), (c) and (d).

Run time 2.5 times the retention time of tacalcitcl.
lclentificau"on oj impun"cies Use the chromatogram obtained
with reference solution (d) to identify the peak due to
impurity A; use the chromatogram obtained with reference
solution (b) to identify the peak due to pre-tacalcitol.

Relative retention With reference to tacalcirol (retention
time = about 11 min): pre-tacalcitol :::;; about 0.8;

_ impurity '" = about 0.9.

System suitability Reference solution (d):
- resolution: minimwn 1.5 between the peaks due to

impurity A and tacalcitol.

Calculation of percentage contents:
- for each impurityJ use the concentration of tacalcitol

monohydrate in reference solution (c).

Limt'ts:
- impun·cy A: maximum 0.3 per cent;
- unspecified impuniie.s: for each impurity, maximum

0.10 per cent;
- total: maximum 0.5 per cent;
:- reporting threshold: 0.05 per cent; disregard the peak due to

pre-tacalcitol.

B. Liquid chromatography (2.2.29).

Test solution Dissolve 2.0 mg of the substance to be
examined in the mobile phase and dilute to 20.0 mL with
the mobiJe phase.

Reference solution (a) Dissolve the contents of a vial of
taealcieol for system suitability CRS (conraining impurity B) in
05 mL of the mobile phase.

Reference solutWn (b) Dilute 5.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 :::;; 4.6 mm;
- stationary phase: amylose den·votive of silica gelfor chiral

separation R (10 1IJll).

Mobile phase a"hydrous ethanol R, heptane R (14:86 VII').
Flow rate I mUmin.

Detection Spectrophotometer at 265 nm.

Injection 50 ~L.

Run time 2.5 times the retention time of tacalcitol,
Identification of impun"ties llse the chromatogram supplied
with uuafciwl for system suitdbility CRS and the chromatogram
obtained with reference solution (a) to identify the peak due
to impurity B.

Relative retention With reference to tacalcltol (retention
time =about 12 min): impurity A :::;; about 0.7;
impurity B =about 0.85.

System suitab,1tty Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity Band tacalcitcl.

Calculation of percentage contents:
- for each impurity, use the concentration of tacalcitol

monohydrate in reference solution (b).

93119-94-3

CH,

OH

434.7

HO" . OH

H H

Action and use
Vitamin D} analogue.

(Ph. Eur. monograph 2272)

Tacalcitol Monohydrate

DEFINITION
(5Z,7 E)-(24R)-9,10-Secocholesta-5,7,1O(19)-triene-1a, 3p,24­
triol.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

A reversible isomerisation to pre-tacalcitol takes place in
solution) depending on temperature and time. The activity is
due to both compounds.

It is sensitive to air, heat.and light.

CHARACTERS
Appearance
While or almost white, crystalline powder.

Solublllty
Practically insoluble in water, freely soluble in anhydrous
ethanol and in ethyl acetate.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spearum of taca/eitol
monohydrate.

B. It complies with test B for related substances (see Tests).

C. Water (see Tests).

TESTS
Related substances
A. Liquid chromatography (2.2.2~. Prepare the solutions
immediately before use avoidingexposure w light and air.

Test solution Dissolve 5.0 mg of the substance to be
examined in acetonitrile R and dilute to 25.0 mL with the
same solvent.

Reference sduuon (a) Dissolve 5.0 mg of tacaleieol
monohydrate CRS in aaeonitrile R and dilute to 25.0 mL with
the same solvent.

Reference solution (b) Heat 3 mL of the test solution at
80 °C for 30 min. Cool the solution to room temperature.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with aceumitrile R. Dilute 1.0 mL of this solution
to 10.0 mL with acetonitrile R.
Reference solution (d) Dissolve the contents of a vial of
uualciwl impun"ry A CRS in 1 mL of the test solution.

Column:
- size: 1:::;; 0.25 m, 0 =4.6 mm;
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___________________ PhE"

H,o

CH,

CH,

CH,

o

C. (5Z,7E)-(24R)-9,1 u-secocholesra-S,7,1O(19)-triene­
1p,3p,24-triol (l p-,acalcitol).

Tacrolimus Monohydrate
(Ph. Bur. monograph 2244)

Limits:
- impw1ty B: maximum 1.0 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- disregard any peak with a relative retention with reference

to tacalcitol of about 0.7 (impurity A).

Water (2.5.12)
3.8 per cent to 4.8 per cent, determined on 10.0 mg by
directsampleintroduction.

ASSAY
Liquid chromatography (2.2.29) as described in test A for
related substances with the following modification.
Injection Test solution and reference solutions (a) and (b).

Calculate the percentage content of C27H440.3 taking into
account the assigned content of laCalcitol monohydrate CRS

___--'"an"'d", if~'_'h"-~t"-p~calcitol =--=_--_=c_-~__o___cc_------*"'*------_j

STORAGE
In an airtight container, under an inert gas) protected from
light at a temperature not exceeding -15°C.

IMPURlTIES
Test A for related substances: A.
Test B for related substances: B, C.
Specified impurities A, B.
Otherde"''''bIe impurities (the follcwing substances fL'Quld, if
present at a sufficiem leud, be detected by one or owr 0/the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for otherhmspecified impurities andlor fry the general
monograph Substances for pharmaceutical use (2034). It is
therefore notn«essary UJ identify these impun"ties for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) c.

Pf/E" _

DEFINITION
(3S,4R,5S,8R,9B, 12S, 14S,15R,168, 18R,19R,26a5}-5,19­
dihydroxy-3- [(IE)-l-[(I R,3R,4R)-4-hydroxy-3­
methoxycydohexyl]prop-l-en-2-yl]-14,16-dimethoxy-
4, 10, 12, 18-tetramethyl-8-(prop-2-en-I-yl)­
3,4,5,6,8,11,12,13,J4,15,16,17,18,19,24,25,26,26a­
oetadecahydro-7H-15,19-epoxypyrido[2,I-c] [1,4]
oxaazacyclotricosine-l,7,20,21(23H)-tettone monohydrate.
Substance produced by the growth of certain strains of
Streptomyces tsUkubaensis.

Content
97.0 per cent to 102.0 per cent for the sum oftacrolimus,
tacrolimus compound I and tacrollmus compound n
(anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solubility
Practically insoluble in water, solublein ethanol
(96 per cent), practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tacrotimus monohydrate CRS.

/09581-93-3822C....H.,NO,,,H,O

Action and use
Calcineurin inhibitor; immunosuppressant.

CH,

H,C

HO-- -, OH
H H

A. (5B,7E)-(24R)-9, 1o-secocholesta-5,7,1O(19)-triene­
la,3p,24-triol (trans-taca1citol),

B. (5Z,7E)-(245}-9,1 0-secocholesta-5,7, I O(19)-triene­
la,3p,24-triol «245}-tacalcitol),

www.webofpharma.com
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TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution GY1 (2.2.2) MethodIf).
Dissolve 0.20 g in ethond (96 percen!! R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Cany ou' the test prote<ted
from ligh,. Allow the tes, and reference ,00Ulions to standfor 3 h
at room temperature before use.
Solven, mixture waterR, acetonitrile R (30:70 VII').

Test solution Dissolve 30.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.

Reference 'olution (aJ Dissolve 30.0 mg of lacrolimus
- ,mono~rate CRS jn-the sQlyent mixture and-dilute to

10.0 mL with the solvent mixture.

Reference solution (b) Dissolve 3.0 mg of uu;roIimus for system
suitobility CRS (containing impurity A) in the solvent mixture
and dilute to 1.0 mL with the solvent mixture,

Reference solution (e) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:
- size: I;;;; 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped actadecy/silyl silica g'l/or

chromatography R (3 urn);
- temperature: 60°C.

Mobile phase:
- mobile phase A: mix 20 volwnes of a mixture of

19 volumes of J,l-dim,/hyl,thyl m,thyl ether Rand
81 volumes of acetonitrik for chromatography R with
80 volumes of a 0.04 per cent VIV solution of phosphoric
addR;

- mobile phase B: mix 20 volumes of a 0.04 per cent VIV
solution of phasphoric acidR with 80 volumes of a mixture
of 19 volumes of J,l-dimethyl,/hyl m,thyl ether R and
81 volumes of aceumitn1e for chromatography R;

Tacrolimus Monohydrate 11-1069

integrated using tangential skimming. It is necessary that the
integration area of the peak due to taerolimus compound I
preserves Ute Gaussian peak shape.

Calculation of percentage contents:
- for each impurity, use the concentration of tacrolimus

monohydrate in reference solution (c).

Limits:
- impwiryA: maximum 0.5 per cent;
- unspecified impuniies: for each impurity, maximum

0.15 per cent;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent; disregard the peaks due

to tacrolimus compound I and tacrolirnus compound II.

Water (2.5.12)
1.5 per cent to 4.0 per cent) determined on 0.250 g.

Sulfated ash (2.4. J4) _
Maxunum 0.1 per cent, et1'el"e"'nffinifJ-in"e"df;-0"'--n"'-'11-.0-,-[.'.-'---'-'-'-'--'-'--''----'--'-'-'----!

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of the sum of tacrclimus,
tacrolimus compound I and taerolimus compound D taking
into account the assigned content of tacrdimus
monohydrate CRS.

STORAGE
In an airtight container. If the substance is sterile) the
container is also sterile and tamper-evident.

IMPURITIES
Specifi,d impun',ks A.
Otherdetectable impuruies (/h' fa/lowing sub'tances would, if
present at a sufficient level) bedetected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for o/herlunspecified impurities. 1, is therefore no'
necessary to identify these impuniies for demonstration of
compliance. See also 5.10. Control of impun·tie.s in substances for
pharmaceutical use) B, C, D} E,~ I.

Flow rare 1.5 mUmin.
Detection Spectrophotometer at 220 nm.

Auunampler Set at 4°C.

Injection 20 J1L of the test solution and reference
solutions (b) and (c).

1denlificatian of impurities Use the chromatogram supplied
with tacrolimus for system suitabilisJI CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity A.

Relative retention With reference to tacrolirnus (retention
time ::: about 24 min): tacrolimus compound I :;;; broad peak
at about 0.5; impurity B = sharp peak at about 0.5;
tacrolimus compound II =about 0.6;
impurity A =about 0.9.

Systemsuitability Reference solution (b):
- resolumm: minimwn 3.0 between the peaks due to

impurity A and tacrolimus.

Imegration The peak due to impurity B, which co-elutes
with tacrolimus compound I, is a rider peak that is to be

Tbne
(min)

0-30

30 - 53

Mobile phase A
(per cent VIJI)

72

72 -> 15

Moblle phase B
(per cent WI')

28
28 ---> 85

A. (3S,4R,5S,8R,9E,12S, 14S, 15R,16S, 18R,19R,26aS)-8­
ethyl-5,19-dihydroxy-3- [( IE)-1-[ (I R,3R,4R) -4-hydroxy-3­
methoxycyclohexyl]prop-I~n-2-yl]-14,16-dimethoxy­
4,10,12,I8-tetramethyl-
3,4,5)6)8)11)12,13)14)15)16)17)18)19,24,25)26,26a­
octadecahydro-7H-15,19-epoxypyrido[2,I-c] [1,4]
oxaazacyclotricosine-I,7)20)21 (23H)-tetrone,
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oo

H""­
CH,

CH,

OH

H'C:~CH'
~:: ,H,.OHO

~~~o H'" CH3

OH
0,+-_<

CH,

B. (3S,4R,5S,8R.9E, 12S, 14S,15R,16S, 18R, I9S,26aS)-8­
ethyl-5,19-dihydroxy-3- [( IE)- I-[(I R,3R,4R)-4-hydroxy-3­
methoxycyclohexyl]prop-l-en-2-yl]- I4, I 6-dimethoxy-

-------.t4,Jt),"l2,t8-rettamet1'iy - - -
3,4,5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,263­
octadecahydro-7H-15,19-epoxypyrido[2,I -c][1,4]
oxaazacyclotricosine-l,7,20,21(23H)-tettone,

C. (3S,4R,5S,8R,9E,12S, 14S, 15R,16S,18R,19R,26aS)-5, I9­
dihydroxy-3-[(IE) -1- [( I R,3R,4R)-4-hydroxy-3­
methoxycyclohexyllprop-f-en-2-yl]-14, 16-dimethoxy­
4,12, 18-trimethyl-8-(prop-2-en-I-yl)-
3,4,5,6,8,11J 12,13,14,15,16,17,18,19,24,25,26,26a­
octadecahydro-7H- I 5,19-epoxypyrido[2,1-e] [1,4]
oxaazacyclotricosine-l,7,20,21(23H)-tec:rone,

E. (3S,4R,5S,8R,9E, I2S,14S, 15R,I6S,18R,19R,26aS)-5,19­
dihydroxy-3-[(1 E)-l-[(lR,3R,4R)-4-hydroxy-3­
metho!'Ycyclohexyl]proJ>"1:ek~-yJJ-14,16:dimethoxy:.__ .
, , , -tetrame y - -propy-

3,4,5,6,8,1 J,12,13,14,15,16,17,18,19,24,25,26,26a­
oetadecahydro-7H-15,19-epoxypyrido [2,I-c] [1,4J
oxaazacyclotricoslne-I,7,20,21(23H)-tetrone,

F. (3S,4R.5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-5,15­
dihydroxy-3-[(IE)-I-[(IR,3R,4R)-4-hydroxy-3­
methoxycyclohexyl]prop- I-en-2-yl]-14, I 6-dimethoxy­
4,10,12,18-te.tramethyl-B. (prop-g-en-l-jf)­
3,4,5,6,1.,12,13,14,15,16,17,18,24,25,26,26a­
hexadecahydro-7H-pyrido[2,I-c] [1,4]oxaazacyclotricosine­
1,7,19,20,21(8H,23H)-pentone (tacrolimus compound 1),

,

D. (3S,4R,5S.8S,9E,12S,14S,I5R,16S,18R,19R,26aS)-5,19­
dihydroxy-3-[(IE)-I-[(IR,3R,4R)-4-hydroxy-3­
methoxycycIohexyl]prop-l-en-2-yl]- I4,16-dimethoxy­
4,10,12,18-tetramethyl-8- (prop-2-en-I-yI)­
3,4,5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a­
oetadecahydro-7H- 15,19-epoxypyrido[2, l-e] [1,4]
cxaazacyclotricosine-I,7,20,21(23H)-tecrone,

G. (3S,4R,5S,8R,9E, 12S, I4S, I5R,16S,18R. I9S,26aS)-5, I9­
dihydroxy-3-[(IE)-I-[(IR,3R,4R)-4-hydroxy-3­
methoxycyclohexyI]prop-l-en-2-yl]-14,16-dimethoxy­
4,IO,12,18-tetramethyl-8-(prop-2-en-I-yl)­
3,4,5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a­
octadecahydro-?H-15, I 9-epoxypyrido[2,1-e) [1,4]
oxaazacyclorricosine-I,7,20,21(23H)-tettone (tacrolimus
compound II),
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Content
97.5 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, freely soluble in dimethyl
sulfoxide, slightly soluble in methylene chloride.

TESTS
Impurities A, Band C
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R, hexane R, 2·propanol R
(20:40:40 VIVIV).

Solution A Dissolve 27 g of retrabutylammonjum hydroxitk R
in methanol R and dilute to 100.0 mLwith the same solvent.
Testsolution Dissolve 25.0 mg of the substance to be
examined in the solventmixture and dilute to 100.0 mLwith
the solventmixture.
Reference solution (a) Dissolve 25.0 mg of uufa/afil CRS in
the solvent mixture and dilute to 100.0 mL with the solvent
mixture.
Reference sdution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reference solution (e) In order to prepare impurity A in situ,
dissolve 25 mg of the substance to be examined in 40 mLof
the solventmixture. Add 1 mLof solution AJ mix well and
allow to stand for 20 min. Add 1 mL of lriftuoroacetie acidR
and dilute to 100 mL with the solvent mixture.
Reference solution (d) To 1 mL of the test solution add
I mL of reference solution (c) and dilute to 50 mL with the
solventmixture.
Column:
- size: 1 ;;;; 0.25 m, 0 ;;;; 4.6 mm;
- sta'onary·phase: amylosedenoo.", of si1kage/for chira/

separation R (10 ~m);

- temperature: 30°C.
Mobile phase hexane R, 2-propanolR1 (50:50 VIV).

Flow rare 0.75 mUmin.

Detection Spectrophotometer at 222 nm.
Injection 20 JlL of the test solution and reference
solutions (b) and (d).

Run time 2.2 times the retention time of tadalafil.

171596-29-5

CH,

389.4

OH

H~~[
HJCO

-···H

CH,

eX
,0 H; H\ OH 0

. 0 .

N Hi c~
'CHO

H
o

o

I. (3S,4R,5E,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-19­
hydroxy-3-[(IE)-I-[(IR,3R,4Rl-4-hydroxy-3­
methoxycydohexyl)prop-I-en-2-yl)-14,I6-dimethoxy­
4,10,12,18-tetramethyl-8-(prop-2-en-I-yl)­
3,4,8,11,12,13,14,15,16,17,18,19,24,25,26,26a­
hexadecahydro-7H-15, 19-epoxypyrido[2,1-<) [1,4]
oxaazacyclotricosine-I,7,20,21(23H)-tetrone.

(Ph. Eur. monograph 2606)

Tadalafil

____________________ PhE<I

PhE" _

Action and use
Selective inhibitor of cyclic GMP-specific phosphodiesterase
(Type V) with vasodilator action; treatment of erectile
dysfunction.

IDENTIFICATION
Carry out either tests A, B or tests A, C.

CH, A. Infrared absorption spectrophotometry (2.2.24).

H. (IE,3S,4R,5S,8R,9E, 12S, 14S)-5-hydroxy-I-[(IR,3R,4R)- Comparison taddafil CRS.
4-hydroxy-3-methoxycyclohexyl)-14-methoxy-14- B. Liquid chromatography (2.2.29) as described in the test
[(2R,3S,5R)-3-methoxy-5-methyl-6-oxooxan-2-yl)- for impurities A, Band C with the following modification.

-=--'-==-'==2?~1O- -8- ro -2-en-l- 1 tetradec3.... Injection Test solution and reference sQh!ti9!L(a)!.-_
l,9-dien-3':yl-(2S)-:':1-=form5'lpiperidme-:'2~carboxylate:;-- ------RiSUliS--Thepnncipalpeak---'rnme-chromatogram-obtained----­

with the test solution is similar in retention time and size to
the principal peak in me chromatogram obtained with
reference solution (a).

C. Specific optical rotation (2.2.7): + 78.0 to + 84.0 (dried
substance).
Dissolve 0.250 g in dimethyl sulfoxide R and dilute to
25.0 mL with the same solvent.

DEFINITION
(6R, 12aR)-6-(1,3-Benzodioxol-5-yl)-2-methyl-2,3,6,7,12, 12a­
hexah ydropyrazino [I ',2':1,6]-pyrido[3,4-b]indole-I ,4-dione.

•
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Identification of impuriues Use the chromatogram obtained
with reference solution (d) [0 identify the peak due to
impurity A.

Relative retention With reference to tadalafil (retention
time =about II min): impurity A =about 0.8.

System suitability Reference solution (d)
- resolution: minimum 2.0 between the peaks due to

impurity A and tadalafil.

Limits:
- impurityA: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in me chromatogram obtained
with reference solution (b) (0.10 per cent).

c.Related.aubstances __ -- ---------- --
.- . ---I:.iquid-chromatography-(2:2:29):-Do not use soni<alWn iJUri,'If

thepreparation 0/the solutions.
Solvent mixture acetonitrile R, Z-propanol R (50:50 VIV).
Solution A Dissolve 27 g of tetrabutylommonium hydroxide R
in methanol R and dilute to 100.0 mL with the same solvent.

Test solution (aJ Dissolve 40 mg of the substance to be
examined in 50 rnL of acetonitrile R and dilute to 100.0 rnL
with mobile phase A.
Test solmion (b) Dissolve 50.0 mg of the substance to be
examined in 50 mL of acetonutile R and dilute to 100.0 mL
with mobile phase A. To 10.0 rnL of this solution add
25.0 rnL of acetonitrile R and dilute to 50.0 rnL with mobile
phase A.

Ref....cesdution (0) To I.ll rnL of test solution (a) add
50 rnL of acetonitrile R and dilute to 100.0 rnL with mobile
phase A. To 1.0 rnL of this solution add 5 rnL of
acetonurile R and dilute to 10.0 rnL with mobile phase A.
Reference solution (bJ In order to prepare impurity A in situ,
dissolve 4 mg of the substance to be examined in 50 mL of
the solvent mixture. Add 1 mL of solution A, mix, and allow
to stand for 40 min. Add I rnL of trifluoroacetic ocidRand
dilute to 100 mL with the solvent mixture.

Ref....cesohuion (c) Dilute I rnL of reference solution (b)
to 50 mL with test solution (a).

Reference sohuion (d) Dissolve 50.0 mg of rado/afil CRS in
50 mL of acetonitrile R and dilute to 100.0 rnL with mobile
phase A. To 10.0 rnL of this solution add 25.0 rnL of
acetonitrile R and dilute to 50.0 rnL with mobile phase A.

Column:
- size: 1= 0.25 m, 0 =4.6 nun;
- stationary phose: octy/si(yl silica gelfor chromatography R

(5 urn);
- temperature: 40°C.
Mobile phose:
- mobile phoseA: mix 1.0 rnL of trifluoroacetic arid R with

water for chromatography R and dilute to 1000 rnL with
the same solvent;

- mobile phaseB: acetonurile R;

Tim. Mobile phase A Mobile phase D
(min) (per cent JIll') (per Cent V/Y,l

0-3 S5 15

3·30 85 --. 5 15 -0 95

30·33 5 95

Flow rote 1.0 mUmin.
Detection Spectrophotometer at 285 run.

2022

Injection 20 JlL of test solution (a) and reference
solutions (a) and (c).

identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurities A + C.

Relative retention With reference to tadalafil (retention
time e about 16 min): impurities A and C = about 1.03.

SystemsmiabiJity Reference solution (c):
- peok-IiJ-'lJo/ley ratio: minimum 3.3, where Hp =height

above the baseline of the peak due to impurities A + C
and H; =height above the baseline of the lowest point of
the curve separating this peak from the peak due to
tadalatil.

Limits:
- unspecified ;mpun·lUs: for each impurity, not more than the
--area-of-the -principal-peak-in-the .chromatogram.nbraine

willi reference solution (ar(O:TO per cent};
- total: not more than 3 times the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent); disregard any peak due to impurity A
and/or C.

Loss on drying (1.1.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 105°C for 3 h.

Sulfated ash (1.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (1.2.29) as described in the lest for
related substances with the following modifications.

Mobile phose acetonitrile R, mobile phase A (45:55 VIV).
Flowrate 1.5 rnUmin.

Injection Test solution (b) and reference solution (d).

Run time Twice the retention time of tadalafil (retention
time =about 4.5 min).

Calculate the percentage content of C22H19N30", from the
declared content of tadalafil CRS.

IMPURITIES
Specified impurities A.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for otherlunspecified impuri,ies ondlor by the genero/
monograph Substances for phormaceutical use (1034). lr is
therefore not neassary lo idenufy these impurities for
demonstration of complianu. See also 5.JO. Control of impurities
in substances for pharmaceutical use) B, C, D, EJ F, G,it I.

A. (6R,12aS}-6-(1,3-henzodioxol-5-yl)-2-methyl­
2,3,6,7,12, 12a-hexabydropyrazino[1',2':1,6]pyrido [3,4-b]
indole-Ld-dione,
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B. (6S,12a5')-6-(1,3-benzodioxol-5-yl)-2-methyl-
2,3,6,7,12,12a-hexahydropyrazino[1',2': 1,6]pyrido[3,4-b]
indole-l,4-dione,

C. (6S,12aR)-6-(1,3-benzodioxol-5-yl)-2-meiliyl­
2,3,6,7,12,12a-hexahydropyrazino[1 ',2': 1,6)pyrido[3,4-b]
indole-Ld-dione,

D. (6bR)-12-(1,3-benzodioxol-5-yl)-12a-hydroxy-8-methyl­
6a,6b,8,9,12,12a-hexahydropyrazino[I ',2': I,2]pyrrolo [3,4­
c)quinoline-6,7,IO(5H)-trione,

E. (6R, 12aR,12bRj-6-(1 ,3-benzodioxol-5-yl)-6a-hydroxy-2­
methyl-2,3,6a,7,12a,12b-hexahydropyrazino
[1',2': 1,5]pyrrolo[3,4-b]quinoline-I,4,12(6H)-trione,

F. (8a'R)-6'-(I,3-benzodioxol-5-yl)-2'-methyl-2',3',8',8a'­
tettahydro-6'H-spiro[3, l-benzoxazine-4,7'-pyrrolo[I,2-a]
pyrazine]-l',2,4'(1H)-trione,

Talc 11-1073

G. (12bR)-6-(1,3-benzodioxol-5-yl)-12-hydroxy-2-methyl­
2,3,6,12b-tettahydropyrazino[1',2':1,5]pyrrolo[3,4-b)
quinoline-l,4-dione,

H. (6R,14aR)-6-(I,3-benzodioxol-5-yl)-2-methyl-2,3,14,14a­
tettahydropyrazino[I,2-d] [1,4]benzodiazonine-
1,4~7, 13(6H,8H)-tetrone,

I. (8a'R)-6'-(1 ,3-benzodioxol-5-yl}-2'-methyl-2 ',3',8',8a'­
terrahydro-ri 'H·spiro [indole-3,7'-pyrrolo[I ,2-a)pyrazine]­
1',2,4'(lH}-trlone.

____________________ PIIE"

Purified Talc
(Talc, Ph. Bur. monograph 0438)

14807-96-6

Preparation
Talc Dusting Powder
PIlE" _

DEFINIl10N
Powdered, selected, natural, hydrated magnesiwnsilicate.
PUle talc has the formula Mg,Si.,O,o(OHh (M,379.3).
It maycontain variable amounts of associated minerals
among which chlorites (hydrated aluminium and magnesium
silicates), magnesite (magnesium carbonate), calcite (calcium
carbonate) and dolomite (calcium and magnesium carbonate)
arepredominant.

PRODUCTION
Talc derived fromdeposits that areknown to contain
associated asbestos is not suitable for pharmaceutical use.
The manufacturer is responsible for demonstrating by the
test for amphiboles and serpentines that the productis free
from asbestos. The presence of amphiboles and of
serpentines is revealed by X-ray diffraction or by infrared
spectrophotometry (see A and B). If detected, the specific

www.webofpharma.com



11-1074 Talc 2022

acid R and evaporate to dryness on a water-ham. Allow to
cool. Add 20 mL of waterR, heat to boiling and filter (the
residue is used for identification test C). To 5 mL of me
filtrate add! mL of ammonia Rand 1 mL of ammonium
chloride solution R and filter. To the filtrate add 1 mL of
disodium hydrogen phosphate solution R. A white, crystalline
precipitate is formed.

C. The residue obtained in identification test B gives the
reaction of silicates (2.3.1).

TESTS
Solution SI
Weigh 10.0 g into a conical flask fitted with a reflux
condenser, gradually add 50 mL of 0.5 M hydrochloric acid
while stirring and heat on a water-bath for 30 min. Allow to
cool. Transfer the mixture to a beaker and allow the
undlssclved.matenal.r . r the su ematant thrall
medium-speed filter paper mto a IOU mL volumetnc 8as J

retaining as much as possible of the insoluble material in the
beaker. Wash the residue and the beaker with 3 quantities,
each of 10 mL, of hot waterR. Wash the filter with 15 mL of
hot waterR, allow the filtrate lO cool and' dilute to 100.0 mL
with the same solvent

Solution S2
Perchlorates mixedwith heavy metals areknown to beexplosive.
Take proper ","cautions while performing thisprocedure Weigh
0.5 g in a 100 mL polytetrafluoroethylene dish, add 5 mL of
hydrochloric acidR, 5 mL of lead-free nitric acidRand 5 mL
of perchloric acidR. Stir gently then add 35 mL of hydrofluoric
add R and evaporate slowly to dryness on a hot plate. To the
residue, add 5 mL of hydrochloric acidR, cover with a watch­
glass] heat to boiling and allow to cool. Rinse the watch-glass
and the dish with waterR. Transfer into a volumetric flask,
rinse the dish with waterR and dilute to 50.0 mL with the
same solvent.

Acidity or alkallntty
Boil 2.5 g with 50 mL of carbon dioxide-free water R under
reflux. Filter in vacuo. To 10 mL of the filtrate add 0.1 mL
of bromothymol blue,olunOn Rl; not more than 0.4 mL of
0.01 M hydrochloric acid is required to change the colour of
the indicator to green. To 10 mL of the filtrate add 0.1 mL
of phetU!lphthalein sdution Rl; not more than 0.3 mL of
0.01 AI sodium hydroxide is required to change the colour of
the indicator to pink.

Water-soluble substances
Maximwn 0.2 per cent.

To 10.0 g add 50 mL of carbon dioxide-free water R, heat to
boiling and maintain boiling under a reflux condenser for
30 min. Allow to cool, filter through a medium-speed filter
paper and dilute to 50.0 mL with carbon dioxide-free waterR.
Take 25.0 mL of the filtrate) evaporate to dryness and heat
at 105°C for 1 h. The residue weighs a maximum of 10 mg.

Aluminium
Maximum 2.0 per cent.

Atomic absorption spectrometry (2.2.23, MethodI).

Test solution To 5.0 mL of solution 82 add 10 mL of a
25.34 gIL solution of caesium chloride R, 10.0 mL of
hydrochloric acidR and dilute to 100.0 mL with water R.

Reference solutions Into 4 identical volumetric flasks, each
containing 10.0 mL of hydrochlonc acidRand 10 mL of a
25.34 gIL solution of caesium chloride R, introduce
respectively 5.0 mL, 10.0 mL, 15.0 mL and 20.0 mL of
aluminium standard solution (lOO ppm AI) R and dilute to
100.0 mL with waterR.
Source Aluminium hollow-cathode lamp.

morphological criteria of asbestos are investigated by a
suitable method of optical microscopy to determine whether
tremolite asbestos or chrysotile is present, as described below.

A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs of potassium bromide R.
In the range 740 em-I to 760 em"! using scale expansion,
any absorption band at 758 ± I em" may indicate the
presence of tremolite or of chlorite. If the absorption hand
remains after ignition of the substance to be examined at
850 ± 50°C for at least 30 min, it indicates the presence of
the tremolite. In the range 600 em'? to 650 em"! using scale
expansion, any absorption band or shoulder may indicate the
presence of serpentines.
B. X-ray diffraction.

Preparation Place the sample on the sample holder; pack

and smoom Ils-sunace wI(l'La polfshed:glass:nIicroscop:e::::slidd<==~~~~~;':~~~~~~;';ii~:'i~~~i#~~!!:::=======i:
Radiation Cu Ka: monochromatic, 40 kV, 24-30 rnA.
Incident slit 1°.

Detection slit 0.2°.
Goniometerspeed 1110' 291min.

Scanningrange 10_13' 29 and 24-26' 29.

Sample Not-oriented.

Results The presence of amphiboles is detected by a
diffraction peak at 10.5 ± 0.1° 29, the presence of
serpentines is detected by diffraction peaks at 24.3 ± 0.1 ° 29
and at 12.1 ± 0.1' 29.

If, by oneof the 2 methods, amphiboles and/or serpentine are
detected, examine by a sm·rable method ofoptical microscopy to
determine the asbestos character.
The presence of asbestos is shown if the following 2 criteria
are met:
- a range of length to width ratios of20:1 to 100:1, or

higher for fibres longer than 5 urn,
- capability of splitting into very thin fibrils;

and if at least 2 of the following 4 criteria are met:
- parallel fibres occurring in bundles;
- fibre bundles displaying frayed ends;
- fibres in the form of thin needles;
- matted masses of individual fibres and/or fibres showing

curvature.

CHARACfERS
Appearance
Light, homogeneous) white or almost white powder, greasy
to the touch (non abrasive).

Solubility
Practically insoluble in water, in ethanol (96 per cent) and in
dilute solutions of acids and alkali hydroxides.

IDENTIFICATION
First identification: A.
Second identification: B, G.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs of potassium bromide R.
Absorption bands At 3677 ± 2 em", 1018 ± 2 em'? and
669 ± 2 em".
E. In a platinum crucible, melt a mixture of 0.2 g of
anhydrous sodium carbonate Rand 2.0 g of potassium
carbonate R. To the melted mass add 0.1 g of the substance
to be examined and heat until the mixture is completely
melted. Allow to cool and transfer the melted mass into an
evaporating dish with 50 mL of hot waterR. Add hydrochloric
acidR until effervescence ceases. Add 10 mL of hydrochloric
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54965-24-1

C~:2H
(OH
Co,H

563.6

H,C

Action and use
Selective estrogen receptor modulator,

Preparations
Tamoxifen Oral Solution

Tamoxifen Tablets

PIlE" _

Microbial contamination
If intended for cutaneous administration:
- TAMC: acceptance criterion 10' CFU/g (2.6.12).

If intended for oral administration:
- TAMC: acceptance criterion 10' CFU/g (2.6.12);
- TIMC: acceptance criterion 10' CFU/g (2.6.12).

LABELLING
The label states, where applicable, that the substance is
suitable for oral or cutaneous administration.

cruena: In such cases, a cross-reference CO the tests described in the
mandatory part is included in theFunaionoluy-rdaied
characteristics section. Control of thecharacteristics call contn'bute
to thequalityof a medicinal product by improving theconsistency
of the manufactun'ng process and theper.fonnance of themedicinal
product durmg use. Where control methods arecited, they are
recognised as being suitable for the purpose, butother methods can
alsobe used. wnereverresults for a particular characteristic are
reported, the control method mus' be indicated.
Thefollowing characteristics may be relevant for talc used as
amistick;ng agent or gh'dant in tablets and capsules or as
antiadhesiue in coatedand film-coated tablets.

Particle-size distribution (2.9.31)

Specific surface area (2.9.26)

Tamoxifen Citrate

____________________ PIlE"

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on characteristics that are
recognised as being relevant control parameters for one or more
junctions of thesubstance when used as an excipient (see chapter
5.15). Some of thecharacteristics described in theFunctionality­
related characteristics section may also bepresent in themandawry
part..ofJhe-monograpiLsince..they..alsa..repwentmandafmJJ-iluaJi

(Ph. Eur. monograph 1046)

DEFINITION
2-[4- [(Z) -I ,2-Diphenylbut-I-en-I-yl)phenoxy)-N,N­
dlrnethylerhan-l-amine dihydrogen 2-hydroxypropane-l,2,3­
tricarboxylate.

Content
99.0 per cent to 101.0 per cent (dried substance).

Iron
Maximum 0.25 per cent.

Atomic absorption spectrometry (2.2.23, Method1).

Testsolution To 2.5 mL of solution SI, add 50.0 mL of
0.5 M hydrochlori< acidand dilute to 100.0 mL with waterR.
Reference solutions Into 4 identical volumetric flasks, each
containing 50.0 mL of 0.5 M hydrochloric add, introduce
respectively 2.0 mL, 2.5 mL, 3.0 mL and 4.0 mL of iron
standard solution (250 ppm Fe) R and dilute to 100.0 mL with
waterR.
Source Ironhollow-cathode lamp.
Wavelength 248.3 nm..
Atomisaticn device Air-acetylene flame.
Correction Deuterium lamp.

Lead
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.21, Method/).
Test solution Use solution Sl.
Reference solutions Into 4 identical volumetric flasks, each
containing 50.0 mL of 0.5 M hydrochWri< acid, introduce
respectively 5.0 mL, 7.5 mL, 10.0 mL and 12.5 mL offend
standardsolution (10 ppm Ph) R1 and dilute to 100.0 mL with
water R.
Source Lead hollow-cathode lamp.

Wavelength 217.0 nm.

Acomisation device Air-acetylene flame.

Magnesium
17.0 per cent to 19.5 per cent.

Atomic absorption spectrometry (2.2.23, Method1).

Testsolution Dilute 0.5 mL of solution S2 to 100.0 mL with
waterR. To

j4.0
mL of the solution, add 10.0 mL of

hydrochloric acidR, 10 mL of lanthanum chloride solution R
and dilute to 100.0 mL with waterR.
Reference solutiom Into 4 identical volumetric flasks, each
containing 10.0 mL of hydrochWri< acidRand 10 mL of
lanthanum chloride solutian R, introduce respectively 2.5 ml.,
3.0 mL, 4.0 mL and 5.0 mL of magnesium standard solucion
(10 ppm Mg) R1 and dilute to 100.0 mL with water R.
Source Magnesiumhollow-cathode lamp.

Wavelength 285.2 nm.

Atomisation device Air-acetylene flame.

Loss on ignition
Maximum 7.0 per cent, determined on 1.00 g by ignition to

constant weight at 1050-1100 °C.

Wavelength 309.3 nm.

Atomisasion device Nitrous oxide-acetylene flame.

Calcium
Maximum 0.9 per cent.

Atomic absorption spectrometry (2.2.23, Method1).

Testsolution To 5.0 mL of solution 52 add 10.0 mL of
hydrochlori< acidR, 10 mL of lanthanum chloride solution R
and dilute to 100.0 mL with waterR.
Reference solutions Into 4 identical volumetric flasks, each
containing 10.0 mL of hydrochlOric acidR and 10 mL of
lanthanum chloride solution R, introduce respectively 1.0 mI...,
2.0 mL, 3.0 mL and 5.0 mL of calcium standard solution
(100 ppm CaY R1 and dilute to 100.0 mL with waterR.
Source Calcium hollow-cathode lamp.
Wavelength 422.7 nm.
Awmsatwn-dev;ce:::::::NltroUS-OXlde-ac-etylene:::HBmp •
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CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, soluble in methanol,slightly soluble
in acetone.
It shows polymorphism (5.9).

IDENTIFICATION
First identification: B.
Second identification: A, C.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 20 mg in methanol R and dilute [0

50.0 mL with the same solven t, Dilute 5.0 mL of the
'olutioll-tO-1.00.0..mL.with..methanoLR
Spectral range 220-350 run.

Absorption maxima At 237 run and 275 om.

Absorbance ratio AmlAm =1.45 to 1.65.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison tamoxifen citrate CRS.
If the spectra obtainedin the solid state show differences,
dissolve the substance to be examined and the reference
substanceseparately in acetone R, evaporate to drynessand
record new spectra using the residues.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methanol R and dilute to J0 mLwith the same
solvent.
Reference solution (a) Dissolve 10 mg of tamoxifen
citrate GRS in methanol R and dilute to 10 mL with the same
solvent.
Reference solution (b) Dissolve 10 mg of clnmifene dmue CRS
and 10 mg of tomoxifen citrate GRS in methanol R and dilute
to 10 mL with the same solvent.
Plate TLC silica gelF254 plaleR.
Mobile phase triethylamine R, toluene R (10:90 VIV).

Applica,ion 5 1'1-.
Deuelopment Over 3/4 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om.

System suiwbiliry Reference solution (b):
- the chromatogram shows 2 dearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

TESTS
Related substances
Liquid chromatography (2.2.29). Prepa.. the solutions
immediale/Y befo.. use and proteafrom light.
Test solution Dissolve 15 mg of the substance to be
examined in the mobilephase and dilute to 10.0 mL with
the mobilephase.
Reference solution (a) Dissolve 3 mg of tamoxifen citrate for
perfonnance test CRS (containing impurities A and F) in the
mobilephase and dilute to 2.0 mL with the mobile phase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL wi!:h the mobile phase.

2022

Column:
- size: 1= 0.25 m, 0 = 4.6 rnrn;
- stationary phase: end-capped octade<y/si/yl silica gelfor

chromaUJgraphy R (5 urn}.

Mobile phase Mix 40 volumes of a"'''nitrile R and
60 volumes of water R containing 0.9 gILof sodium
dihydrogen phosphale R and 4.8 gIL of N,N­
dimethyroetylamine R; adjust to pH 3.0 with phosphoric acidR.

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 240 nm.

Injection I0 ~L.

Run time Twice the retention time of tamoxifen.
Identification of impurities Use the chromatogram supplied
with tomoxijen citrate forperformance test CRS and the
chromatogram obtainedwith reference solution (a) to
I en e-pea u O-IIIlp1m

Relativeretention With reference to tamoxifen (retention
time =about 20 min): impurity A =about 0.8;
impurity F = about 0.9.
Systemtuiwbility Reference solution (a):
- resolution: minimum 3.0 betweenthe peaks due to

impurities A and F; baseline separation between the peaks
due to impurity F and tamoxlfen.

Limiu:
- impurity A: not more than 3 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.3 per cent);

- impurity F: not more thantwice the area of the principal
peak in the chromatogram obtained with reference
solution (h) (0.2 per cent);

- unspecified impurities: for each impurity) not more than the
area of the principal peak in the chromatogram obtained
with reference solution (h) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwith reference solution (b)
(0.05 per cent); disregard anypeakdue to the citrate.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 65°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on l.0 g.

ASSAY
Dissolve 0.400 g in 75 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchlotic acid, detenniningthe end-point
potentiometrically (2.2.2(1).

I mL of 0.1 M perchlmic acid is equivalent to 56.36 rng
of C32H31NOg.
IMPURITIES .

Specified impurities A, F.
Otherdetectable impuritUs (the foiltYWing substances wauld, If
present at a sufficient letJel~ be detected by oneor other of the tests
in the monograph. They a.. limited by thegeneral acceptance
cntenonfor otherlunspecified impurities andlor by the general
manograph Substances for pharma"uticaJ use (2034). It is .
th...fo.. not necessary UJ identify these impurities for
demonstration of wmpliance. See also 5.10. CanlTo1 of impurities
in substances for pharmaceutical use) BJ C, DJ E~ GJ H.
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H,C

H,C

andenantiomer

A. 2-[4-[(E)-1,2-<liphenylbut-l-en-l-yl]phenoxy]-N,N­
dimethylethan-l-amine «E)-isomer),

H,C

""H

0'"
H. 2-[4- [(RS)-[4-[(Z}-I-[4-[2-(dimethylamino)ethoxy]

phenyl]-2-phenylbut-I-en-l-ytjphenyl](phenyl) methyl]
phenoxy]-N,N-dimethylethan-I-amine.

____________________ POE'"

and (Z}lsomer

C. 2-[4-[(EZ}-l ,2-diphenyleth-l-en-l-yl]phenoxy]-N,N­
dimethylethan-I-amine,

Tamsulosin Hydrochloride
(Ph. Bur. monograph 2131)

, Hel

106463-17-6445.0C,oH"CIN,O,S

Action and use
A1pha-I-adrenoceptor antagonist.

Preparations
Tamsulosin Prolonged-release Capsules

Tamsulosin Prolonged-release Tablets

PhE", ~

DEFINITION
5-[(2R)-2-[[2-(2-Ethoxyphenoxy)ethyl]amino]propyl]-2­
methoxybenzenesulfonamide hydrochloride.

Content
98.5 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almost white powder.

Solublllty
Slightly soluble in water, freely soluble in formic acid, slightly
soluble in anhydrous ethanol.

mp
About 230 'C.

IDENTIFICATION
Carryout either testsA, C, D or tests A, B, D.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison tamsulosin hydrochloride CRS.

B. Specific optical rotation (2.2.7): -20.5 to -17.5 (dried
substance).
Dissolve with heating0.15 g in waterR and dilute to
20.0 mL with the same solvent.
C. Enantiomeric purity (see Tests).
D. Dissolvewith heating0.75 g in waterR and dilute to
100.0 mL with the same solvent. Take 5 mL of the solution
and cool in an ice-bath. Add 3 mL of dilute nim"c add Rand

and (Z}lsomer

and (l}-isomer

D.2-[4-[(EZ}-1,2-diphenylprop-l-en-l-yl]phenoxy]-N,N­
dimethylethan-l-amine,

H,C

E. 2-[2-[(EZ}-l ,2-diphenylbut-l-en-l-yl]phenoxy]-N,N­
dimethylelhan-I-amine,

F. 2-[4-[(Z}-1,2-diphenylbut-l-en-l-yl]phenoxy]-N­
merhylethan-Lamine,

G.l-[4-[2-(dimethylamino)ethoxyJphenyl]-2-phenylbutan-l­
one,
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shake. Allow [0 stand at room temperature for 30 min and
filter. The filrrate gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
A. Impurities elutingbefore tamsulosin. Liquid

.chromatography (2.2.29).

Test so/mien Dissolve 50.0 mg of the substance to he
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve4 mg of tamsulo.u"n
impun"ty D CRS and 4 mg of the substance to be examined in
the mobile phas~ and.diIu.te to 20 mL with themobile phase.
nnw' mI 11F .llt Sllillihll'- II! 2thrrl;-vlittrthbife-Phase.
Reference solution (c) Dissolve 4 mg of tamsulosin
impurity H CRS and 4 mg of me substance to be examined
in the mobile phase and dilute to 20 mL with the mobile
phase. Dilute 2 mL of the solution (Q 20 mL with the mobile
phase.
Column:
~ size: I = 0.15 m, 0 = 4.6 mm;
- 'tationaryphase: end-rapped oetad«y/silyl sili<a gelfor.

chromatagraphy R (5 ~m);

- temperature: 40 "C.

Mobile phase Dissolve 3.0 g of sodium hydroxide R in a
mixture of 8.7 mL of perchlari< acidR and 1900 mL of wal<r
for chromatagraphy R; adjust to pH 2.0 with 0.5 M sodium
hydro.<ide and dilute to 2000 mL with warer for
chromatography R; 10 1400 mL of this solution add 600 mL
of acetonitrile for chromatagraphy R.
FlrtW rate 1.3 mUmin.

Detection Spectrophotometer at 225 run.
Injection 10 J1L of the test solution and reference
solutions (a) and (h).

Run lime 1.5 times the retention time oftamsulosin
(retention time ;;;: about 6 min).

Systemsuirability Reference solution (b):
- resolution: minimum 6.0 between the peaks due to

impurity D and tamsulosin.
Limlu:
~ unspecified impun"ties: for each impurity, not more than

the area of the principal peak in the chromatogram
obtainedwithreference solution (a) (0.10 per cent),

- disregard limir. 0.5 times the area of the principal peak
in the chromatogram obtainedwithreference
solution (a) (0.05 per cent).

B. Impurities eluting aftertamsulosin. Liquid
chromatography (2.2.29) as described in test A with the
following modifications.
Mobile phase Dissolve 3.0 g of sodium hydroxUk R in a
mixtwe of 8.7 mL ofperch1ari< acidR and 1900 mL of warer
for chromatagraphy R; adjust to pH 2.0 with 0.5 M sodium
hydroxide and dilute to 2000 mL with warer for
chromatagraphy R; add 2000 mL of aceumittile for
chromatagraphy R.
Flow ral< '1.0 mUmin.

Injection 10~ of the test solution and reference
solutions (a) and (c).

Rim time 5 times the retention time of tamsulosin (retention
time = about 2.5 min).

2022

System suiUlbility Reference solution (c):
- resolution: minimum 2.0 between the peaksdue to

tamsulosin and impurity H.
Limits:
~ unspecified impurities: for each impurity, not more than

the area of the principal peakin the chromatogram
obtained with reference solution (a) (0.10 per cent);

- sumof impurities eluting before tamsulosin in test A and
after tamsulosin in testB: not more than twice the area
of the principal peak in the chromatogram obtained
with reference solution (a) (0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak
in the chromatogram obtainedwith reference
solution (a) (0.05 per cent).

Enantiomeric purity
Liquid chromatography (2.2.29).

1est 'SOlution DiSSolve 56.0 m:g of-the-scbstance-to-b
examined in methanol R and dilute to 25.0 mL with the same
solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with methanol R.
Reference solution (b) Dissolve 5 mg of tamsulosin
raumate CRS in methanol R and dilute to 25 mL with the
same solvent. Dilute 2 mL of the solution to 10 mL with
mahanol R.
Column:
- size: I ;;;; 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: amylose den·votive of silica gelfor chiral

separation Rj
- temperature: 40 "C.

Mobile phase diel/'Ylamine R, methanol R1, anhydrous
ethanol R, hexane R (1:150:200:650 VIVIVII').

Flow ral< 0.5 mUmin.

Detection Spectrophotometer at 225 nm.

Injection 10 111-.
Relative retention With reference to tamsulosin (retention
time = about 14 min): impurity G = abouI0.8.

System suitability Reference solution (b):
- resolution: minimum2.0 between the peaksdue to

impurity G and tamsulosin.
Limit:
- impun·ty G: not more than the area of the principal peak

in the chromatogram obtainedwithreference solution (a)
(0.1 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 5.0 mL of anhydrous formic acidR, add
75 mL of a mixture of 2 volumes of acetic anhydride R and
3 volumesof glacial acetic acidR. Titrate immediately with
0.1 M perchlone acid, determining the end-point
potentiomerrically (2.2.211). Carry oUI a blank tittation.

1 mL of 0.1 M perchlari< acid is equivalent to 44.50 mg
of C2oH2,CIN20,S.

IMPURITIES
Specified impurities G.

Otherdetectable impurities (the following sub'tances would, if
present at a sufficienllevel, be detected by oneor other of the tests

www.webofpharma.com



2022

in the monograph. They are limited lry thegeneral acceptance
ctitetion for other/unspecified impuruies andJor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary EO identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, B, C, D, E, F, H, I.

B. 5-[(2R)-2-aminopropyl)-2-methoxybenzenesulfonamide,

C.2-methoxy-5-[(2R)-2-[(2-phenoxyethyl)amino]
propyl]benzenesulfonamide,

I>.2-methoXY-5-[(2R)-2-[[2-(2-methoxyphenoxy)
ethyl]amino]propyl]benzenesulfonamide,

o 0".OHGDS,I NH,

, OCH:l

E. 5-fonnyl-2-methoxybenzenesulfonamide,

F. 2-(2-ethoxyphenoxy)ethanamine,

G.5-[(2S)-2-[[2-(2-ethoxyphenoxy)ethyl]amino]propyl]-2­
methoxybenzenesulfonamide,

Tannic Acid 11-1079

H. (2R)-N-[2-(2-ethoxyphenoxy)ethyl]-I-(4­
methoxyphenyl)propan-2-amine,

1. 1-(2-bromoethoxy)-2-ethoxybenzene.
____________________ PIlE"

Tannic Acid
(Ph. Eur. monograph 1477)

Acdon and use
Astringent.

PIlE" _

I>EFINITION
lvlixture of estersof glucose with gallicacid and
3-galloylgaUic acid.

CHARACTERS
Appearance
Yellowish-white or slightly brownamorphous lightpowder or
shiny plates.

Solubility
Verysoluble in water, freelysoluble in acetone) in ethanol
(96 per cent) and in glycerol (85 per cent), practically
insoluble in methylenechloride.

II>ENTIFICATION
A. I>ilute 0.1 mL of solution S (see Tests) to 5 mL with
waterR. Add 0.1 mL offerric chloride SofUlion Rl. A blackish­
blue colour is produced which becomes green on the
addition of I mL of dilute sulfuric acid R.
B. To I mL of solution S, add 3 mL of a I gIL solution of
gelatin R. The mixture becomes turbid and a flocculent
precipitate is formed,

C. I>ilute 0.1 mL of solution S to 5 mL with waterR.
Add 0.3 mL of barium hydroxide solution R. A greenish-blue
precipitate is formed.

TESTS
Solution S
Dissolve 4.0 g in carbon dioxidelf,ee waterR and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1).

Dextrins, gum, salts, sugars
To 2 mL of solution S, add 2 mL of ethand (96 percenlj R.
The solution is clear. Add 1 mL of ether R. The solution
remains clearfor at least 10 min.
Resins
To 5 mL of solution S, add 5 mL of waterR. The mixture
remains clear (2.2.1) for at least 15 min.
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11-1080 Tapentadol Hydrochloride

Loss on drying (2.2.32)
Maximum 12.0 per cent, determined on 0.200 g by drying at
105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

STORAGE
Protected from light.
______~ ---- PhE"

2022

Tapentadol Hydrochloride
(ph. Bur. monograph 3035)

~%
OH

. Hel

251.8 175591-09-0

Action and use
u-Opiold receptor (OP3, MOR) agonistand noradrenaline
reuptake inhibitor, analgesic.

PhE" ~ _

DEFINITION
3-[(2R,3R)-I-(Dimethylamino)-2-methylpeman-3-yl]phenol
hydrochloride.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
It is considered that alkyl methanesulfonate esters are
genotoxicand arepotential impurities in tapentadol
hydrochloride. The manufacturing process should be
developed taking into consideration the principles of quality
risk management, togetherwith considerations of the quality
of starting materials, processcapability and validation.
The general methods 2.5.37. Methyl, ethyl and isopropyl
methanesulfonau in methanesulfonic acid, 2.5.38. Methyl, ethyl
and isoprop;i methanesulfonate in acuVe substances and 2.5.39.
Methanesulfonyl chloride in methanesulfonic acidare available to
assist manufacturers.

CHARACTERS
Appearance
Whiteor almostwhits powder.

Soluhillty
Freely soluble in water and in methanol, soluble in
anhydrous ethanol, veryslightly soluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison lapenladol hydrochloride CRS.
B. It gives reaction <a) of chlorides (2.3.1).

C. Enantiomeric purity (see Tests).

TESTS
Enantlomeric purity
Liquid chromatography (2.2.29).
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2022 Tar 11-1081

Mobile phase:
~ mobile phaseA: phosphoric acid R, methanol R2, warer for

chromatography R (0.1:10:90 VIVIJ1);
- mobile phase B: phosphoric acid R, waterfOT

chromatography R, methanal R2 (0.1:10:90 VIVIJ1);

Time Mobile phase A Mobile phase B
(min) (per cent I'/J? (per cent V/J.?
0-2 100 0

2·44 100 --lo 61 o ..... 39

44 - 44.5 61 -> 0 39 --lo 100

B. 3-[(2R,3S)-I-(dimethylamino)-2-methylpentan-3-yl]
phenol,

D.3-[(2Z)-I-(dimethylamino)-2-methylpent-2-en-3-yl]
phenol)

DEFINITION
Tar is bituminous liquid obtained from the wood of various
trees of the family Pinaceae by destructive distillation and is
known in commerce as Stockholm Tar.

Action and use
Used in treatment of psoriasis.

Tar

___________________ PhE<d

C. 3-[(2Z,4R)-5-(dimethylamino)-4-methylpent-2-en-3-yl]
phenol)

H3C...
N

.... CH3

H
H3C \

E. (2R,3R)-3-(3-methoxyphenyl)-N,N,2-trimethylpentan-l­
amine.

OH

c1=
H'C' N 'CH~,

, CH3

I""
OH

CHARACTERISTICS
Darkbrownor nearly black, semi-liquid; denser thanwater.
Soluble in ethanol (90%), in ether and in fixed and volatile
oils.

IDENTIFICATION
A. The aqueous liquid obtained by shaking 1 g with 20 mL
of waur for 5 minutesis acidic to litmus paper.

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 215 nm.

Injection 20 ilL of test solution (3) and reference
solutions (b) and (c).

H3C....
N

/ CH3

~
3C~.

, -, H
I ·~CH,

""
OH

ReJatim-retention--Willrreference-to-tapentadol-(retentio
time = about 15 min): impurity C = about 0.9.

Systemsuitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due CO

impurity C and rapenradol.

Calcularion of percentage contents:
- for each impurity, use the concentration of tepentadol

hydrochloride in reference solution (b).

Limits:
- unspecified impurities: for each Impurity, maximwn

0.10 per cent;
- total: maximum 0.4 per cent;
- reponing threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injeaion Test solution (b) and reference solution (a).
Calculate the percentage content of C14H24ClNO taking into
account the assigned content of tapenradol hydrochlorUk CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.
Otherdetectable impurities (the following substances would, if
presenl al a sufficient level, be detected by oneor other of the USlS
in the monograph. Theyare limitedby thegeneral acceptance
criterion for otherlunspecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2014). It is
therefore notnecessary UJ identify these impurities for
demonstration of camp/iana. See also 5.10. Control of impuniies
in substances forpharmaceutical use) B, CJ D, E.

A. 3-[(2S,3S)-I-(dimethylamino)-2-methylpentan-3-yl]
phenol)
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11-1082 Coal Tar 2022

B. Carefully add 0.5 g to 10 mL of petroleum spirit (boiling
range, 4ff to 6(1) and allowto standfor 30 minutes. When
examinedin daylight no fluorescence is produced.

Coal Tar
Action and use
Used in treattnent of psoriasis.

Preparations
Betamethasone Valerate and Coal Tar Paste
Coal Tar and Salicylic Acid Ointment

Coal Tar Solution
Strong Coal Tar Solution
Zine-ana Caal Tar Paste

IDENTIFICATION
A. Solution S (see Tests) is strongly acid (2.2.4).

B. It gives the reactions of tartrates (2.3.I).

TESTS
Solution S
Dissolve 5.0 g in distilled waterR and dilute to 50 mL with
the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y. (2.2.2, Method Ii).

Specific optical rotation (2.2.7)
+ 12.0 to + 12.8 (dried substance).

Dissolve 5.00 g in waterR and dilute to 25.0 mL with the
same solvent.

Oxalle-aci

PhE" _

DEFINITION
Coal Tar is a productobtained from bituminous coal by
destructive distillation at about 1000°.

CHARACTERISTICS
A nearly black, viscous liquid. On exposure to air, the
viscosity gradually increases. It bums in airwith a luminous,
sooty flame. It has a weight per mL of about 1.15 g.

Slightly solublein water, partly soluble in ethanol, in ether and
in volatile oils.

Maximum 360 ppm, calculated as anhydrous ox IC act .
Dissolve 0.80 g in 4 mL of waterR. Add 3 mL of hydrochloric
acidRand 1 g of zinc R in granules and boil for 1 min.
Allow to stand for 2 min. Collect the liquid in a test-tube
containing 0.25 mL of a 10 gIL solution of phenylhydrazine
hydrochloride R and heat to boiling. Cool rapidly, transfer to a
graduated cylinder and add an equal volume of hydrochJori<
acidRand 0.25 mL of a 50 gIL solution of pot=ium
jerri<yanide R. Shake and aDow to stand for 30 min. Any pink
colour in the solution is not more intense than that in a
standard prepared at the same time in the same manner
using 4 mL of a 0.1 gIL solution of oxalic acidR.

Chlorides (2.4.4)
Maximum 100 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 150 ppm.

Dilute 10 mL of solution S to 15 mL with distilled waterR.

Calcium (2.4.3)
Maximum 200 ppm.

To 5 mL of solution S add 10 mL of a 50 gIL solution of
sodium a«tate R in distilled waterR.
Loss on drying (2.2.32)
Maximum 0.2 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.650 g in 25 mL of waterR. Titrate with I M
sodium hydroxide using 0.5 mL of phenolphthalein solution R as
indicator, until a pink colour is obtained.
I mL of I M sodium hydroxide is equivalent to 75.05 mg
ofC,Jf.O•.
i____________________ PhE"

87-69-4150.1

H OH

Ho,CXyco,H

H OH

(ph. Bur. monograph 0460)

DEFINITION
(2R,3R)-2,3-Dihydroxybutanedioic acid.

The substance is of natural origin, obtained by extraction of
lees during winemaking.

Content
99.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Very soluble in water, freely soluble inethanol (96 per cent).

Tartaric Acid

IDENTIFICATION
A. A saturated solution is alkaline to litmus solution.
B. Carefully add 0.5 g to IQ mL of petroleum spin't (boiling
range, 4U' to 6Cf) and allow to standfor 30 minutes. When
examinedin daylight, the supernatant liquidhas a blue
fluorescence which becomes more intense when viewed
under ultTavioiet light (365 nm).

TESTS
Ash
Not more than 2.0%, Appendix XI J.
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""Ell ~ _

DEFINITION
Mixture of glycopeptides producedby certain strains of
Aainopkmes teichomyceticus sp.j the 6 principal components of
the mixture are teiccplenins A2_1 to A2_5 and
teicoplaninA3-1> and 2 minor components are teicoplanins
A2_la and A2_lb.

Fermentation product.

Potency
Minimum 900 IU/mg (anhydrous and sodium chloride-free
substance).

peaksin the chromatogram obtained with reference
solution (a).

TESTS
Appearance of solution
The solution is clear(2.2.1) and not more intensely coloured
than reference solution BY) or B4 (2.2.2, Method l).

Dissolve 0.8 g in 10 mL of waterR.

pH (2.2.3)
6.5 to 7.5.

Dissolve 0.50 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent.

Composition
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test solution Dissolve 0.100 g of the substance to be
examined in water R and dilute [0 50.0 mL with the same
solvent.
Reference ,00utio" (a) Dissolve 20 mg of teiwpla"j"for
identification CRS in waterR and dilute to 10.0 mL with the
same solvent.

Reference soiution (b) Dilute 1.0 mL of reference solution (a)
to 10.0 mL with waterR. Dilute 1.0 mL of this solution to
20.0 mL with waterR.
Reference ,olutio" (c) Dissolve 50.0 mg of mesilyl <>X1a. CRS
(impurity A) in water R and dilute to 25.0 mL with the same
solvent. Dilute 1.0 mL of the solution to 10.0 mL with
waterR. Dilute 1.0 mL of this solution to 100.0 mL with
water R.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: spherical end-capped oaade<ylsily/ silica gel

for chromatography R (5 pm),

MoMe phase:
- mobile phaseA: mix 900 mL of a 3.0 gIL solution of

onhydrous sodium dihydrogeu phosphate R, adjusted to
pH 6.0 with a 40 gIL solution of sodium hydroxide R, and
100 mL of acetonitrile R;

- mobile phaseB: mix 300 mL of a 3.0 gIL solution of
anhydrous sodium dihydrogen phosphate R, adjusted to
pH 6.0 with a 40 gIL solution of sodium hydroxide R, and
700 mL of acetonitrile R;

CHARACTERS
Appearance
White or yellowish, amorphous powder.

Solubility
Freelysoluble in water, sparingly soluble in
dlmethylformamide, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison teieoplanin for identification CRS.

B. Examine the chromatograms obtained in the test for
composition.

Results The principal peaks (teicoplanins A3--IJ A2_h A2_2,

A2-3l AZ-4 and AZ- 5) and the 2 minorpeaks (teicoplanins
A2<l a and A2_1b) in the chromatogram obtained with the test. ....

**** ** ** ****

61036-62-2

CI

, I
"'-

HO$'O~OH
"'- ",-'

o
H H H H
N N

~ NH~
o . 0

HOk~,

H~
HO?, 0,

telcOplanin R R'

A2.1
~CH,e"H"CI,N,o"

"',1878 0

"'-,2
CH,

C~la2NgOJ3

~
~CH,

Mrl880 0

A2~
OH ~CH,

CaaHg1Cf2N90»
"',1880 HO o CH,

A,.., HN'R' ~CH3
CagHggCbN9~

AI,1894 0

"'-. ~CH,
e"H"CI,N,o"

"',1894 0 CH,

A,.,
C72HoaCI:2N8~ H

M,l564

A,...
c"H"CI,N,o"

u, 1866

~-Ib

~ltigsCbN9033

M,l866

(Ph. Eur. monograph 2358)

Teicoplanin

Action and use
Glycopeptide antibacterial.
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Time Mobile phase A Mobile phase B
(min) (per cent JIm (per cent JlIJI)

0·30 100 ..... 50 0 ..... 50

30 - 31 50 ..... 10 50 ..... 90

31 - 35 \0 90

Flow rate 2.3 mllrnin.

Detection Spectrophotometer at 254 run.

Injection 20 ~ of the test solution and reference
solutions (a) and (b).

Identification Use me chromatogram supplied with
uiaJplan;t' for identification CRS and the chromatogram
obtained with reference solution (a) to identify the groups
and components.

Relative retention With reference to teicoplanin A2_2

en 0

- teicoplanin A, group S 0.70:
- teicoplanin A3_1 =: about 0.43.

- teicoplanin A2 group> 0.70 including:
- teicoplanin A'_I group> 0.70 and < 1.00:
- teicoplanin A2_1a =: about 0.85;
- teicoplanin A2- l b =: about 0.88;
- teiccplanin A2- l =: about 0.93;
- teicoplanin A Z_2 =: 1.00;
- teicoplanin A2-3 group> 1.00 and < 1.12:
- teicoplanin A2_3 =: about 1.03;
- teicoplanin A2-4 =: about 1.12;
- teicoplanin A'_5 group> 1.12 and < 1.25:
- teicoplanin A2 _j =: about 1.15;
- teicoplanin A'4j group ::': 1.25:
- teicoplanin-like related substance RS A2-6 a =about

1.25;
- teicoplanin-like related substance RS A2-6b =about

1.30;
- teicoplanin-like related substance RS A2-6c =about

1.38.

System suitability:
- the chromatogram obtained with reference solution (a) is

similar to the chromatogram supplied with teic.oplanin for
identification CRS;

- resoluti(}TI: minimum 1.0 between the peaks due to
teicoplanin A2-4 and teicoplanin A2-5 in the chromatogram
obtained with reference solution (a);

- signal-to-noise ratio: minimum 40 for the peak due to
teicoplanin A2_2 in the chromatogram obtained with
reference solution (b).

Calculate the percentage contents using the following
equations:

8 2_3 X100
81+0.83)(8,

A 2_ , x 100
8 2 +0.83x8,

A2_~ x 100
82 +0.83)(8,

82_5 x 100
82 +0.83)(8}

A 2_5 x 100
82+0.8Jx~

82_6 x 100
8 2 +O.83x8}

sum of the areas of the peaks due to leicoplanin A2 group
in the chromatogram obtained with the test solution;
sum of the areas of the peaks due to rejcoplanln A} group
. mat m obtained with the test solution;

lStegi any oimp
sum of the areas of the peaks with a relative retention
greater than or equal (0 1.25 in the chromatogram
obtained with the {est solution;
sum of the areas of the peaks due 10 teicoplanin A2_1

group in the chromatogram obtained with the test
solution;
area of the peak due to teicoplanin A2-1a in the
chromatogram obtained with the test solution;
area of the peak due to teicoplanin A2_l b in the
chromatogram obtained with the test solution;
area of the peak due to relccplenln A2_1 in the
chromatogram obtained with the lest solution;
area of the peak due to teicoplanin A2_2 in the
chromatogram obtained wirh the lest. solution;
swn of the areas of the peaks due to teicoplanin A2 _}

group in the chromatogram obtained with the lest
solution;
area of the peak due to teicoplanin A2_1 in the
chromatogram obtained with the test solution;
area of the peak due to teicoplanin A2-t in the
chromatogram obtained wirh the test solutionj
sum of the areas of the peaks due to teicoplanin A2-5
group in the chromatogram obtained with the test
solution;
area of the peak due to teicoplanln ~5 in the
chromatogram obtained with the test solution;

teicoplanin A2_3 group

teicoplanin A2_}

teicoplanin AH group

teicoplanin A2 -4

teicoplanin Au. group

s,

s,.,

A2_1•

Limits:
- teic.oplanin Az group: 84.0 per cent to 98.0 per cent;
- teiroplanin Az*z: 37.0 per cent to 50.0 per cent;
- reicoplanin AZ_1 group: 10.0 per cent to 19.0 per cent;
- reic.oplanin As-s group: 7.0 per cent to 17.0 per cent;
- teicoplan;n AZ-4: 7.0 per cent [Q 15.0 per cent;
- tekoplanin A z-s: 7.0 per cent to 15.0 per cent;
- tekoplanin,Az_J group: 5.0 per cent to 11.0 per cent;
- uic.oplanin AJ group: 4.0 per cent to 12.0 per cent;
- tekoplanin AZ_1 : 4.0 per cent to 8.5 per cent;
- teic.oplanin Az-J: 2.0 per cent to 7.0 per cent;
- teicoplanin AZ- 1a: 0.5 per cent to 5.5 per cent;
- teicoplanin A Z_1b: 0.5 per cent to 4.0 per cent;
- tekoplanin AZ-6 group: maximum 5.0 per cent;
- disregard limit. 0.25 per cent.

Related substances
Liquid chromatography (2.2.29) as described in the lest for
composition. Use the normalisation procedure.

Use the chromatogram obtained with reference solution (a)
to identify aU peaks present above the disregard limit as
teicoplanin-like related substances. Any peak present in any
part of the chromatogram obtained with the test solution that
cannot be correlated to a peak above the disregard. limit in
reference solutionIa) should be considered as a non­
teicoplanin-like impurity, unless it is characterized by other
means.

x 100

0.83)(8, x 100
~+0.83xSJ

Sz x 100
~+O.83xS,

Sz-I x 100
~+0.83xSJ

~+O.83xS}

A2_1. x 100
8 2 +0.83xS,

A2_1 X 100
82 +0.83 xS,

A2_ 2 x 100
82 +O.83xS,

teicoplanin A2_1 group

reicoplanin A2 group

teicoplanln AJ group

teiceplanlnA2_I D

teicoplanin A2-Ib

teicoplanin A2_1

teicoplanin A2_2
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A teicoplanin-like related substance is defined as a substance
that shares the same glycopeptide core structure of the parent
molecule, composed of a linear heptapeptide aglycone, an
c-n-mannose and an acetyl-jl-p-glucosarrune.

The R' side chains in the teicoplanin-like related substances
RS AZ--!iaJ RS AZ_6b and RS A2 _fK: are unknown.
Calculate the percentage contents using the following
equations:

teicoplanin-like
related substance
(x)

A=..

ARSTLx X 100
(S2 +0.83)( Sj)

area of the peak. due 10 the teicoplanin-like related
substance (x) in the chromatogram obtained with
the test solution;

A. 4-methylpent-3-en-2-one (mesityl oxide).
___________________ !'bEll

Telmisartan
(ph. Eur. monograph 2154)

!'bE" _

DEFINITION
4'-[[4-Methyl-6-(I-methyl-IH-benzimidazol-2-yl)-2-propyl­
IH-benzimidazol-I-yl]methyl] [I, I'-biphenyl)-2-carboxylic
acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellowish, crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in methanol,
sparingly soluble in methylene chloride. It dissolves in a
40 gIL solution of sodium hydro.<ide R.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tdmisanan GRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in hot anhydrous ethanol RJ evaporate to
dryness and record new spectra using the residues.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution Y. (2.2.2, Method If).

Dissolve 0.5 g in a 40 gIL solution of sodium hydroxide Rand
dilute to 10 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution To 25 mg of the substance to be examined add
about 5 mL of methanol Rand 100 1'1. ofa 40 gIL solution
of sodium hydroxide R. Dissolve using sonication and dilute [0

50.0 mL with methanol R.

144701-48-4514.6

Action and use
Angiotensin IT (ATI) receptor antagonist.

Preparation
Telmisanan Tablets

- ei laoin-like
unpun x

Limits:
- teiaJplanin-like related substance RS A2_&:: maximum

2.5 per cent;
- teiroplanin-like related substance·RS A 2-6d: maximwn

1.5 per cent;
- teicoplanin-like related substance RS A Z-6b: maximum

1.5 per cent;
- atry non-tekoplam'n-like impun'ly other than impun'ty A:

maximum 0.5 per cent;
- total non-teicoplanin-/ike impuniies other than impun'ty A:

maximum 1.5 per cent.

ImpurltyA
Liquid chromatography (2.2.29) as described in the test for
composition with the foUowing modifications.

Injection 20 J1l. of the test solution and reference
solution (c).

Relativeretention With reference to teicoplanin A2_2

(retention time = about 18 min): impurity A = about 0.6.

Calculation of percentage content:
- for impurity A, use the concentration of impurity A in

reference solution (c).

Limit:
- impun'Zy A: maximum 0.2 per cent.

Chlorides
Maximum 5.0 per cent, expressed as sodium chloride
(anhydrous substance).

Dissolve 1.000 g in 300 mL of water R, stir and acidify with
2 mL of nimc acidR. Titrate with 0.1 N[ silver nitrate,
determining the end-point potentiometrically (2.2.211).

1 mL of O. J M silver nitrate is equivalent to 5.844 mg of
NaCI.

Water (2.5.12)
Maximum 15.0 per cent, determined on 0.300 g.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2),
using the diffusion method. Use teicoplanin GRS as the
reference substance.

At.. area of the peak due 10 the noo-Ieicoplanin-hke
impurity (x) in the chromatogram obtained wnh
the lest solution.

STORAGE
Protectedfrom light, at a temperature of 2 °C to 8 °C.

IMPURITIES
Spedfied impuniies A.

www.webofpharma.com



11-1086 Tclmisartan 2022

Reference solution (a) Dilute 1.0 mL of the test solution [0

10.0 mL with methanol R. Dilute 1.0 mL of this solution to
100.0 mL with methanol R.
Reference sdwion (b) Dissolve the contents of a vial of
telmisanan for system suirabih"cy CRS (containing impurities
A, B, C, E and F) in 2 mL of methanol R.
Reference solution (c) To 5 mg of telmisartan for peak
idendfication CRS (containing impurity D) add about 5 mL
of methanol R and I00 ~L of a 40 gIL solution of sodium
hydroxide R. Dissolve using sonication and dilute to 10 mL
with methanol R.
Column:
- size: 1= 0.125 rn, 0 = 4.0 mm;
- stationary phase: end-capped oetadecylsilyl silica gelfor

chromatography R (5 um) with a pore size of J0 run;
o

- disregard limit: 0.5 times the area of the principal peak in
me chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.190 g in 5 mL of anhydrous fonnie acidR.
Add 75 mL of acetic anhydride R. Titrate with 0.1 M
perchioric acid, determining the end-point potentiometrically
(2.2. 20).

1 mL of 0.1 M perchtoric acidis equivalent to 25.73 mg
of CJ3H30N402.

Mobile phase:
- mobile phaseA: dissolve 2.0 g of potassium dihydrogen

phosphate Rand 3.8 g of sodium pentanesulfonate
monohydrate Rl in 900 mL of waterfor chromatography R)
adjust to pH 3.0 with dilute phosphoric acid R and dilute to
1000 mL with waterfor chromatography R;

- mobile phase B: methanol RJ, acetonitrile for
chromatography R (20:80 VIII);

Flow rate I mllmin.
Detection Spectrophotometer at 230 run.

Injection I 0 ~L
Identification of impurities Use the chromatogram supplied
with telmisartan for system suitabrlriy CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C, E and F; use
the chromatogram supplied with telmisartan for peak
identification CRS and the chromatogram obtained with
reference solution (e) to identify the peak due to impurity D.

Relativeretention With reference to telmisartan (retention
time = about 15 min): impurity A = about 0.2;
impurity E =about 0.6; impurity F =about 0.7;
impurity B =about 0.9; impurity C =about 1.5;
impurity D = about 1.6.

Systemsuitability Reference solution (b):
- the chromatogram obtained with reference solution (b) is

similar {O the chromatogram supplied with telmisaTtan for
system suitability CRS;

- resolution: minimum 3.0 between the peaks due to
impurity Band tehniaartan.

Limits:
- impurities C, D: for each impurity, not more than twice

the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.2 per cent);

- impurities A, B: for each impurity, not more than
1.5 times me area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- Wtal: not more than 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.0 per cent);

L'tIPURlTIE
Specified impumies A, B, C, D.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
cruenon for other/unspecified impunues and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not n«essary Ie identify these impuniies for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) E, F, G, H, I, J.

A. 4-methyl-6-(I-methyl-IH-benzimidazol-2-yl)-2-propyl-1H­
benzimidazole,

B. 4'-[[7-methyl-5-(l-methyl-IH-benzimidazol-2-yl)-2­
propyl-I H-benzimidazol-I-yl]methyl] [I, I '-biphenyl]-2­
carboxylic acid,

C. tert-butyl 4'-[[4-methyl-6-(I-methyl-l H-benzimidazol-2­
yl)-2-propyl-IH-benzimidazol-l-yl]methyl] [1,1 '-biphenyl]­
z-carboxylate,

D. unknown structure,

3.
30 ...... 80

MobUe phase B
(per cent V/J1

7.
70 ...... 20

Mobile phase A
(per cent YIV)

Time
(min)
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E. 1-[(2'-carboxy[l, I '-biphenyl]-4-yl)merhyl]-4-merhyl-2­
propyl-IH-benzimidazole-6-carboxylic acid,

____________________ PhE",

J. 4'-[(5-chioro-l,7'-dimerhyl-2'-propyl-lH,3'H-[2,5'­
bibenzimidazol]-3 '-yl)merhyl] [ I, I '-biphenyl]-2-earboxylic
acid.

**** ** ** ****

846-50-4

andenanliomer

300.7

H,C

~
I ~~:H

CI "':::::,.. N

, '"
-""

(Ph. EUT. monograph 0954)

Temazepam

Action and use
Benzodiazepine.

Preparations
Temazepam OralSolution
Temazepam Tablets

F. 4'-[[4-merhyl-6-(I-merhyl-IH-benzimidazol-2-yl)-2­
propyl-IH-benzimidazol-I-yl]merhyl] [1,1'-biphenyl]-2­
carboxamide,

G. 4'-[[4-merhyl-6-(I-merhyl-IH-benzimidazol-2-yl)-2­
propyl-IH-benzimidazol-I-yl]merhyl] [I, I '-biphenyl]-2­
carbonitrile,

H. terr-buryl 4'-(bromomerhyl) [I, I'-biphenylj-Z-carboxylate,

I. merhyl 4'-[( I, 7'-dimerhyl-2'-propyl-IH,3'H-[2,5'­
bibenzimidazol]-3'-yl)merhyl] [I, I '-biphenyl]-2­
carboxylate,

PhE'" _

DEFINITION
(3RS}-7-Chioro-3-hydroxy-I-merhyl-5-phenyl-I,3-dihydro­
2H-l,4-benzodiazepin-2-one.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, sparingly soluble in ethanol (96 per cent).

IDENnFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison temaeepam CRS.

TESTS
Impurity A
Maximum 0.05 per cent.

Dissolve 0.400 g in methylene chloride R and dilute to .
20.0 mL with the same solvent. The absorbance (2.2.25) is
not greater than 0.30 at 409 run.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 10.0 mg of the substance to be
examined in a mixrure of 1 volume of waterRand 9 volumes
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uwarea

A. [5-chloro-2-(methylamino)phenyl]phenylmethanone,

and enanllomer~
~CN~OC~

CI ~ ---N H

'\

~

- total: not more than 2.5 rimes the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.5 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of nitroethane R. Titrate with
0.1 M perchlmic acid, determining the end-point
potentiomelrically (2.2.211).

n:~~H
CI ~6N andeneouomer

of C,oH13CLN20,.

STORAGE
Protected from light.

IMPURITIES
Specified impun·ties A, B, CJ DJ EJ FJ G.

B. (3RS)-7-ehloro-3-hydroxy-5-phenyl-I,3-dihydro-2H-I,4­
benzodiazepin-2-one (oxazepam),

C. (3RS)-7 -ehloro-I-methyl-2-oxo-5-phenyl-2,3-dihydro-l H­
I J4-benzodiazepin-3-yl acetate,

D. (3RS)-7-ehloro-3-methoxy-I-methyl-5-phenyl-I,3­
dihydro-2H-l,4-benzodiazepin-2-oneJ

Time Mobile phase A MobUe phase B Mobile phase C
(min) (per cent VIV) (per cent VIJ.? (per cent VIV)

0-18 54 3. 7

18·25 54 ...... 22 39 ...... 63 7 ...... 15

25·3J 22 63 15
31·37 22 ...... 54 63 ...... 39 15 ..... 7

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 230 om.
Injection 20 pL.
Relatiue retention With reference to temazepam (retention
time =about 16 min): impurity E =about 0.55;
impurity F =about 0.67; impurity G =about 0.73;
impurity B = about 0.8; impurity D = about 1.2;
impurity C = about 1.3; impurity A = about 1.5.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity F and impurity G;
- peak-to-oalley ratio: minimum 1.7J where Hp = height

above the baseline of the peak due to impurity G and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
impurity B.

Limits:
- correaion facton: for the calculation of contents, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity F =3.2;
impurity G = 3.1;

- impurities BJ CJ DJ EJ F, G: for each impurity, not more.
than the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.2 per cent);

- unspeaJied impurities; for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

of methanol R and dilute to 50.0 mL with the same mixture
of solvents.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with a mixture of 1 volume of water Rand
9 volumes of methanol R. Dilute 2.0 mL of this solution to
10.0 mL with a mixture of I volume of water Rand
9 volumes of methanol R.
Reference solution (b) Dissolve 1 mg of oxazepam R, 1 mg of
temasepam impun"ty F CRS and 1 mg of temazepam
;mpun"ty G CRS in a mixture of 1 volume of waterR and
9 volumes of methanol R and dilute to 25 mL with the same
mixture of solvents.

Reference solution (c) Dissolve 1 mg of temazepam
impurity G GRS and I mg of temazepam impurity D GRS with
a mixture of 1 volume of waterRand 9 volumes of
meuuffisl R aRd dilute to 25 mL with the s
solvents.--------- - -------

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped octadeqlsilyl silica gelfor

chromatography R (3.5 pm).

Mob"ephase:
- mobile phase A: solution containing 4.9 gIL of sodium

dihydrogen phosphate Rand 0.63 gIL of disodium hydrogen
phosphate dodecahydrate R (pH 5.6);

- mobIle phaseB: methanol R;
- mobile phase C: acetonitrile R;
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E. 7-chloro-l-methyl-5-phenyl-I,3-dihydro-2H-I,4­
benzodiazepin-2-one -l-oxide,

andenantiomer

Solubility
Sparingly soluble in water, soluble in dimethyl sulfoxide, very
slightly soluble in ethanol (96 per cent), practically insoluble
in toluene.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison temcedomide CRS.
B. Examine the chromatograms obtained in the assay.
Resu/cs The principal peak in the chromatogram obtained
with test solution (b) is similar in retention time and size to

the principal peak in the chromatogram obtained with
reference solution (d).

TESTS
Related substances
Liquid chromatography (2.2.29).

PllEur _

85622-93-1

andenantiomer

194.2

F. (5RSj-7-<:h1oro-I-methyl-5-phenyl-4,5-dihydro-1 H­
1,4-benzodiazepine-2,3-dione,

G. (5RSj-7 -chloro-l,4-dimethyl-5-phenyl-4,5-dihydro-l H­
1,4-benzodiazepine-2,3-dione.

~- - - ---- - - - - ------ noluNon (")--Dissolv~5-:-&=mg=of1.he-substance-1:o-=b ---- -
-:;::; examined in dimethyl sulfoxide R anddilute to 25.0 mL with

the samesolvent.
Tesr solurion (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with dimerhyl sulfoxide R.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with dimerhyl sulfoxide R. Dilute 1.0 mL of this
solution to 10.0 mL with dimerhyl sulfoxUk R.
Reference solution (b) In order to prepare impurities A, B
and E in situ, mix 5 mL of a 10.3 gIL solution of hydrochloric
acidRand 5 mL of test solution (a). Heat the mixture in a
water-bath for 1 h.

Reference solurion (c) Dissolve 2 mg of remozolomide for peak
idenlificauon CRS (containing impurity D) in 2 mL of
dimethyl sulfoxide R.
Reference solurion (d) Dissolve 25.0 mg of remozalomide CRS_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ PIIEur
in dimerhyl sulfaxUk R and dilute to 25.0 mL with the same
solvent. Dilute 1.0 mL of the solution to 10.0 mL with
dimethyl sulfoxide R.
Column:
- size: l = 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped octatlecylsilYl silica gelfor

chromarography R (5 urn).

Mobile phase 0.94 gIL solution of sodium hexanesulfonau R
in a mixture of 4 volumes of methanol Rand 96 volumes of a
0.5 per cent VIVsolution of glacial acetic acid R.
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 270 om.

lnjection 10 J1L of test solution (a) and reference
solutions (a), (b) and (c).

Run time 3 times the retention timeof temozolomide.

Identification of impun'tjes Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A, B and E; use the chromatogram supplied with
temozolonlide for peak identification CRS and the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity D.

Relative retention Wilh reference to temozolomide (retention
time =about 11 min): impurity E =about. 0.4;
impurity D =about 0.5; impurity B =about. 0.9;
impurity A = about 1.7. The peak due to impurity A in the
chromatogram obtained with test solution (a) may be split.

System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurity Band temozolomide.

Temozolomide
(ph. Bur. monograph 2780)

Action and use
Antineoplastic alkylaring agent.

Preparadons
Temozolomide Capsules

Temozolomide for Injection

DEFINITION
3-Methyl-4-oxo-3,4-dihydrointidazo [5, l-dj [1,2,3,5J tetrazine­
8-earboxamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightly brown or slightly pink powder.

www.webofpharma.com



II-l090 Tenoxicam 2022

Calculation of percentage tontents:
- correction factors: multiply the peak areas of the foUowing

impurities by the corresponding correction factor:
impurity A =0.4; impurity E =0.6;

- for each impurity, use the concentration of temozolomide
in reference solution (a).

Limits:
- impun"ty D: maximum 0.5 per cent;
- impurityA (sum of thepeaks): maximum 0.15 per cent;
- impun'tits B, E: for each impurity, maximum

0.15 per cent;
- unspecified impw;ties: for each impurityJ maximum

0.10 per cent;
- total: maximum 0.8 per cent;
- reponing threshold: 0.05 per cent.

D.4-diazo-4H-imidazole-5-carboxamide,

E. 3,7 -dihydro-4H-imidazo[4,5-d] [1,2,3] triazin-4-one
(2-azahypoxanthine).

___________________ PhE<r

Ph'<r _

Action and use
Cycle-oxygenase inhibitor; analgesic; anti-inflammatory.

Preparations
Tenoxicam Injection
Tenoxicam Tablecs

59804-17-4337.4

(Ph. Bur. monograph 1156)

C,,HllN,O,S,

Tenoxicam
---MaxIII1Uffi 0-:-4 per cent, etennme- Oil : mg.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (d).
Calculate the percentage content of C6H6N602 taking into
account the assigned content of temoedomide CRS.

IMPURITIES
Specified impurilies AJ B~ DJ E.
Ocher detectable impurities (the following subseances would, if
present at a sufficient levelJ be-deucted by one or other of tM tests
in themonograph. They are limited by the general acupumce
criterion for othedunspedfied impuriries andJor by thegeneral
monograph Substances for pharmaaurical use (2014). It is
theref.... not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Contral of impurirics
in substances forpharmaceutical use) c.

A. 5-amino-lH-imidazole-4-carboxamideJ

,B. 3-methyl-4-oxo-3,4-dihydroimidazo[5,1-d]
, [1,2,3,5)tetraxine-8-<:arboxylic acid,

Ne

l" ,N<N
Nr~1 I

"\..-N'y'N,
II CH3

o

C. 3-methyl-4-oxo-3,4-dihydroimidazo[5, I-d] [1,2,3,5]
tetrazine-Bccarbonitrite,

DEFINITION
4_Hydroxy_2_methyl_N_(pyridin_2_yl)_2H_thieno[2,3_e)1,2­

l:h.iazine-3-carboxamide Lj-dioxlde.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in methylene
chloride, veryslightly soluble in anhydrous ethanol.
It dissolves in solutions of acids and alkalis.
It shows polymorphism (5.9).

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tenoxicam CRS.
H the spectra obtainedin the solid stateshow differences,
dissolve the substance to be examined and the reference
substance separately in the minimumvolume of methylene
chloride R) evaporate [0 dryness and record new spectra using
the residues.

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.10 g in methylenechloride R and dilute to 20 mL
with the same solvent.
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Related substances
Liquid chromatography (2.2.29). Cany aut the ,est protected
from light.
Solvent mixture Mix equal volumes of acetonitrile Rand
wawr R. Adjust to apparent pH 3.2 with dilute phosphori<
acidRI.
Test solution Dissolve 35 mg of the substance to be
examined in the solvent mixture, sonicate and dilute to
50.0 rnL with the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 7 mg of pyridin-2-amine R
(impurity A) in the solvent mixture and dilute to 100.0 mL
with the solventmixture. Dilute 1.0 mL of this solution to
100 0 roT wjth ,he sofzent mjxhJre

Reference solution (c) Dissolve the contents of a vial of
tenoxicam impun"ty mixture CRS (impurities B, G and H) in
1.0 mL of the [est solution.
Column:
- size: 1= 0.15 ill, 0 = 4.6 mm;
- stationary phase: diisopropylcyanosilyl silica gel for

chromatography R (3.5 urn);
- temperature: 35 ·C.
Mobile phase:
- mobile phase A: mix 25 volumes of methanol R2 and

75 volwnes of waterfor chromatography R and adjust to
apparent pH 3.2 with dilute phosphoric acid RI;

- mobile phase B: mix 25 volumes of waterfor
chromatography R and 75 volumes of methanol R2 and
adjust to apparent pH 3.2 with diluwphosphori< acidRI;

Tim. Mobile phase A Moblle phase B
(min) (per cent VIJI) (per cent VIII)

0-5 9. 4

5"·16 96 ..... 76 4 ..... 24

16 - 25 ,. 24

Flmo raW 1.0 mUmin.

Detection Spectrophotometer at 230 nm.

Injwion 20 ~L.

Identification of impurities:
- use the chromatogram obtained with reference

solution (b) to identify the peakdue to impurity A;
- use the chromatogram supplied with tenoxicam

impun"ty mixture CRS and the chromatogram obtained
with reference solution (c) to identify the peaksdue to
impurities B, G and H; for identification of impurities G
and H, which may be inverted in the elution order, take
into account the heights of the corresponding peaks in the
chromatogram supplied with tenoxicam
impuniy mixture CRS.

Relative retention With reference to tenoxicam (retention
time =about 12 min): impurity A =about 0.1;
impurity G = about 0.85; impurity H = about 0.9;
impurity B = about 1.3.

System suitability Reference solution (c):
- resolution: minimum 1.3 betweenthe peaks due to

impurity H (or G if peaks are inverted) and tenoxicam,
and between the peaksdue to impurities G and H;
if necessary, optimise the apparent pH of the mobile
phases within the range 3.0-3.4.

Tenoxicam 11-1091

Limits:
- correction factors: for the calculation of content,multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A ;;;; 0.2;
impurity B = 2.0;

- impurities A, B: for each impurity, not morethan
1.5 times the areaof the principal peakin the
chromatogram obtainedwith reference solution (a)
(0.15 per cent);

- unspecified impurities: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
Ihe efl:f8fft8t8 etftiH· °

(0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, detennined on 1.0 g.

ASSAY
Dissolve 0.250 g in 5 mL of anhydrous fonnic acidR.
Add 70 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchloric acid, determining the end-pointpotentiometrically
(2.2.20).
I mL of 0.1 M perchksic acid is equivalent (0 33.74 mg of
C13HIIN304S2'

STORAGE
Protected from light.

IMPURlTIES
Specified impuniies A, B.
Otherdetectable impurities (thefo/lQwing substances would, if
present at a sufficient level, be deuaed by oneor other of the tests
in the monograph. They are limited by thegenerol a«eptance
criterion for othettunspecified impuniies and/or by tlte general
monograph Substances for pharmaceutical use (2014). It is
therefore not necessary UJ identify these impurities for
demonstration of compliance. Seealso5.10. Control of impurities
in substances for phannaceutical use) C, D, E, F, 0, H.

A. pyridin-2-amine,

B. methyl 4-hydsoxy-2-methyl-2H-thieno[2,3-e)I,2-thia2ine­
3-carboxylate 1,l-dioxide,

c. N-methylthiophene-2-carboxamide,
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D. N-methyl-N'-(pyridin-2-yl)-ethanediamide,

o
\\-1'0

~N-CH,
o

E. 2-methylthieno[2,3-d]isothiazol-3(2H)-one I,l-dioxide,

o 0
''5'... .ICH3

CHARACTERS
Appearance
White or slightly yellow, crystalline powder.

Solubility
Sparingly soluble in water, slightly soluble in methanol, very
slightly soluble in ethanol (96 per cent), practically insoluble
in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison teraeosin hydrochlon"de dihydrate CRS.
B. Ir gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.00 g in carbon dioxide-free waterR and dilute to

PIIEII _

H. 3-[(methylamino)sulfonyl]thiophene-2-carboxylic acid.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2) jHelhod If).
Dilute 10 mL of solution S to 20 mL with water R.

pH (2.2.3)
3.0 to 5.0 for solution S.

Impurities Nand 0
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R1, wow R (20:80 V/JI).
Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.

Referena solution (a) Dissolve 5 mg of terazosin
impurityA CRS and 5.0 mg of terasosin impurity N CRS in
aaronilriJe R1 using sonication, add 5.0 mL of the test
solution and dilute to 50.0 mL with acetonitrile R1. Dilute
10.0 mL of this solution to 100.0 mL with the solvent
mixture.

Reference solution (b) Dilute 10.0 mL of reference
solution (a) to 100.0 mL with the solvent mixture.

Column:
- size: 1= 0.25 m, 0 =4.0 mrn;
- scaticnary phase: ocuule<ylsi/yl sllica gelfor chromatography R

(5 urn),
- temperature: 25 "C.

Mobile phase Dissolve 2.80 g of sodium laurilsulfate R in
1000.0 mL of waw R and add 11.0 mL of a solution
containing 20204 WL of triethylamine R and 230.0 WL of
phosphoric acid R; adjust to pH 2.5 with phosphoric add R;
mix 600 volumes of this solution with 400 volumes of
acetonitrile R1.

Flowrate 1.0 mUrnin.

Detection Spectrophotometer at 210 run.

lnj"ticn 20 ~L:

Run time 4 times the retention-time of terazosin.

Relative retention With reference to terazosin (retention
time =about 10 min): impurity 0 = about 0.2;
impurity N =abour 0.3; impurity A =about 004.
System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurities A and N.

Limits:
- impun'ty N: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (b) (0.1 per cent);

70024-40-7

, 2H,0

459.9

"" NDOH. 0 ~,.,p
s

o

iNX]
H'C0XX;Ny-NJ 0I ", . HCI

HsCO ~ N

N~ and enanlloo'lei

(Ph. Bur. monograph 2021)

C"H'6CIN,O,,2H,O

o 0
\' II

((SyCH'

'S-yyNH2

OH 0

____________~ PIlE"

Terazosin Hydrochloride Dihydrate

F. 4-hydroxy-N,2-dimethyl-N-(pyridin-2-yl)-2H-thieno[2.3-e]
l,2-thiazine-3-carhoxamide 1,1-dioxide,

G.4-hydroxy-2-methyl-2H-thieno[2,3-e]I,2-thiazine-3­
carboxamide I,l-dioxide,

Action and use
Alpha l-adrenoceptor antagonist.

DEFINITION
1-(4-Amino-6,7-dimethoxyquinazolin-2-yl)-4-[[(2RS)­
tetrahydrofuran-2-yl]carbonyl]piperazine hydrochloride
dihydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).
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- impuniy 0: not more than the area of the peak due to
terazosin in the chromatogram obtained with reference
solution (b) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examinedin the mobile phaseand dilute to 100.0 mL with
the mobile phase.

Reference solution (a) Dilute 2.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference sohuion (b) Dissolve the contents of a vial of
terazosinjor systemsuirobilifjJ CRS (containing impurities A, B,
C, J, K and M) in the mobile phase and dilute to 10 mL
with the mobile phase.
Roif"renee rolrw"on (r) Dissolve 5 0 mg 0

Imp-unryL(J 10 e mo e phase and dilute to 100.0 mL
with the mobile phase. Dilute 1.0 mL of this solution to
100.0 mL with the mobile phase.

Reference solution (d) To 5 mg of terazosin impurity E CRS,
add 70 mL of methanol R and 30 mL of waterR. Allow to
stand for at least 1 h to dissolve the substance.
Use sonication if necessary.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: ocrylsilyl silica gelfor chromatography R

(5 urn);
- temperature: 30 °C"

Mobile phase Mix 2 volumesof rrrethylamine R, 350 volumes
of aaton;tn"le R, and 1650 volumes of a solution containing
6 gIL of sodium citrate R and 14.25 gIL of anhydrous citric
acid R.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 245 run.
Injection 20 ~L.

Run time 4 times the retention time of terazosin.

Identification of impun"ties Use the chromatogram supplied
with terazosin for system suitability CRS and the chromatogram
obtainedwith reference solution (b) to identify the peaks due
to impurities A, B, C, J, K and M; use the chromatograms
obtained with reference solutions (c) and (d) to identify the
peaks due to impurities L and E respectively.
Retention time Terazosin= about 11 min"
System suitability Reference solution (b):
- resolution: minimum 1.5 between the peaksdue to

impurities Band J; if necessary, adjust the proportion of
the aqueouscomponent in the mobilephase (an increase
in the proportion of the aqueous component increases the
retention times);

- the chromatogram obtained is similar to the
chromatogram suppliedwith terazosin for system
suitability CRS; in case of insufficient separation of the
impurities, reduce the amountof triethylamine in the
mobile phase.

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity C = 0.7;
impurity M = 1.6;

- impuniies A, C, E, K: for each impurity, not more than
5 times the areaof the principal peakin the
chromatogram obtainedwithreference solution (a)
(0.5 per cent);

Terazosin Hydrochloride Dihydrate II-I093

- impun"O' L: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (c) (0.1 per cent);

- impun"ties B, J, 1\--1: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent);

- unspecified iff/pun"ties: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times me area of the principal peakin
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Water (2.5.12)

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 5.0 mL of 0.01 M
hydrochlori< acidand 50 mL of methanol R. Titrate with
0"1 M sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Read the volume added between
the 2 pointsof inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent to 42.39 mg of
C1oH,.CIN,O•.

STORAGE
Protected from light.

IMPURITIES
Specified impun·ties AJ H, C, E, J, KJ L, M, NJ O.
Otherdelectable impurities (thefollowing substances would, if
present at a suffident level, be detected by oneor otherof the tests
in the monograph. Theyare limited by thegeneral acceptance
cruerion for other/unspecified impun"ties and/orby thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun"ties for
demonstration of compliance. See abo 5.10. Control of impurities
in substances for pharmaceutical use) DJ FJ G, H, I.

A. 2-ehloro-6,7-dimetboxyquinazolin-4-amine,

B. 1-(4-hydroxy-6,7-dimethoxyquinazolin-2-yl)-4-[[(2RS)­
tetrahydrofuran-2-yl)carbcnyl)piperazine,

www.webofpharma.com
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C. 6,7-<iimethoxy-2-(piperazin-l-yl)quinazolin-4-amine,

formylpiperazine,

E. 2,2'-(piperazine-I,4-diyl)bis(6,7-dimethoxyquinazolin-4­
amine),

F. 1-(4-amino-6,7-dimethoxyquinazolin-2-yl)-4-(5­
hydroxypentanoyl)piperazine,

o

rNXJ
H'COXX;NyN~ 0

"'- I N
HO

N~ andenanliomer

G. 1-(4-amino-6-hydroxy-7-methoxyquinazolin-2-yl)-4­
[[(2RS)-terrahydrofuran-2-yl)carbonyljpiperazine,

H. 1-(4-amino-7-hydroxy-6-methoxyquinazoiin-2-yl)-4­
[[(2RS)-tetraltydrofuran-2-y1lcarbonyllpiperazine,

2022

I. 1-(4-amino-6,7-dimethoxyquinazolin-2-yl)-4-[[(2RS,5S)­
5-methyltecrahydrofuran-2-y1lcarbonyllpiperazine,

o

rN~CH'
N""" N~ H OHr andenanliomer
A

J. 1-(4-amino-6,7-dimethoxyquinazolin-2-yl)-4-[(2RS)-2­
hydroxypentanoyl]piperazine,

Ie. 1-(4-amino-6,7-dimethoxyquinazolin-2-yl)-4-(furan-2­
ylcarbonyl)piperazine (prazosin),

L. 1-(furan-2-ylcarbonyl)piperazine,

M.I ,4-bis(furan-2-ylcarbonyl)piperazine,

o

r NXJ andenantlomer

HN~ 0
N. 1-[[(2RS)-tetrahydrofuran-2-y1lcarbony1lpiperazine,

o

o HrNXJ ltsepimeralC·
~N~ 0 andlheirenantlomers

o

O. 1,4-bis[(tetrahydrofuran-2-yl)carbonyljpiperazine.
____________________ ""Eu:
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Terbinafine Hydrochloride - mobile phase B: buffer solution, solventmixture B
(5:95 VIV);

(Ph. Eur. monograph 1734)
Time Mobile phase A Mobile phase B
(min) (per cent PIJI) (per cent PIli)

0-. JOO 0
4 - 25 100 -+ 0 o -+ 100

25 - 30 0 100

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison wbinafine hydrochloride CRS.
B. It gives reaction (a) of chlorides (2.3.1) using anhydrous
ethanol R as solvent.

DEFINlTION
(2E)-N,6,6-Trimethyl-N-(naphthalen-I-yhnethyl)hept-2-en-4­
yn-l-amine hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Very slightly or slightly soluble in water, freely soluble in
aohydrous ethanol and in methanol, slightly soluble in
acetone. .

TESTS
Related substances
Liquid chromatography (2.2.29). Cany ous th« rest protected
from light.

Solvern mixture A ac<U!nitrile R, waterR (50:50 VW).
Solventmixture B acewnilnk R, methanol R (40:60 VIV).

Buffer solution Dilute 2.0 mL of In;'thylamine Rl to 950 mL
with waW R. Adjust to pH 7.5 with a mixture of 5 volumes
of glacialacetic acid Rand 95 vohunes of water R and dilute
to 1000.0 mL with waw R.
Tesl solution Dissolve 25 mg of the substance to be
examined in solventmixture A and dilute to 50.0 mL with
solventmixture A.
Reference solution (a) Dissolve 5 mg of terbinafine for system
suiUlbility CRS (containing impurities B and E) in 10.0 mL of
solventmixture A.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with solvent mixture A. Dilute 1.0 mL of this
solution to 10.0 mL with solventmixture A.
Column:
- size: 1= 0.15 rn, 0 ;;;; 3.0 mm;
- stationary phase: spherical end-capped oeteukcylsilyl silica gel

for chromaU!graphy R (5 urn);
- temperature; 40 °C.

Mobile phase:
- mobt1e phase A: buffer solution, solventmixture B

(30:70 VIV);

time e about 15 min): impurity B ;;;; about 0.9;
impurity E =about 1.7.

System suitabrlity Reference solution (a):
- resolution: minimwn 2.0 between the peaksdue to

impurity Band terbinafine.
Limits:
- C01"1Ution factor. for the calculation of content) multiply the

peak area of impurity E by 0.5;
- impurity B: not more than 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 percent);

- impurity E: not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.05 percent);

- unspecified impun'ties: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 DC.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of ethanol (96 pere<nV R, add
5 mL of 0.01 M hydrochloric acid. Titrate with 0.1 M sodium
hydroxide determining the end-point potentiometrically
(2.2.21J). Read the volume added between the 2 points of
inflexion.
1 mL of 0.1 M sodium hydroXide is equivalent to 32.79 mg of
C21H26CIN.

STORAGE
Protected from light.

IMPURITIES
Specified impuniies B, E.

Otherdeteaable impuniies (thefollowing substane<s would, if
present at a sufficient level, bedetected by oneor other of the tests
in themonograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
there/ore nOl necessary to identify these impumies for

Flow rate 0.8 mUmin.
Detection Spectrophotometer at 280 run.
Irifection 20 ~L.

Identification of impurities Use the chromatogram supplied
with terbinafine for system suitabih'ty CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities Band E.
Relauve retentwn WI rre erence 0 er rna e retennon

78628-IJIJ-S327.9

Action and use
Antifungal.

Preparation
Terbinafine Tablets

PhE<r
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II-1096 Terbutaline Sulfate 2022

demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, C, D, F.

A. N-methyl-C-(naphthalen-I-yl)methanamine,

Terbutaline Sulfate
Terbutaline Sulphate

(Ph. Bur. monograph 0690)

548.6

Action and use

**** ** ** ****

ard enanoomer . H~04

23031-32-5

__________________ PI>&I

Preparation
Terbutaline Tablets

DEFINITION
Bis[5- [(IRS) -2-(zers-burylamlno)-I-hydroxyethyl]benzene-I,3­
diol] sulfate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

SolubllIry
Freely soluble in water, slightly soluble in ethanol
(96 per cent), practically insoluble In heptane.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison urburaline su/fateCRS.
If the spectra obtainedin the solid state show differences,
dissolve the substance to he examined and the reference
substanceseparately in aldehyde-jree methanol R, evaporate to
dryness and record new spectra using the residues.
B. 5 mL of solution S (see Tests) gives reaction (a) of
sulfates (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and its absorbance (2.2.25) at
400 nm in a 2 cm cell is not greater than 0.11.

Acidiry
To 10 mL of sohition S add 0.05 mL of merhyl red salUIWn R.
Not more than 1.2 mL of 0.01 M sodium hydroxide is
required to change the colour of the indicator to yellow.

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 75.0 mg of the substance to be
examined in the mobile phaseand dilute to 50.0 mL with
the mobile phase.
Reference solution (a) Dissolve 7.5 mg of terburaline
impurity C CRS and 22.5 mg of teroutaline sulfate CRS in the

Pl>E,; _

e-tnm - - - ap
4-yn-l-amine (cs-terbinafine),

C. (2E)-N,6,6-trimethyl-N-(naphthalen-2-ylmethyl)hept-2-en­
4-yn-l-amine (trans-isoterbinafine),

D. (2E)-N,6,6-trimethyl-N-[(4-methylnaphthalen-I-yl)
methyl]hept-2-en-4-yn-I-amine (4-methylterbinaline),

E. (2B,4E)-4-(4,4-dimethylpent-2-yn-I-ylidene)-N,N'­
dimethyl-N,N'-bis(naphthalen-I-ylmethyl)pent-2-ene-1 ,5­
diamine,

F. (2Z)-N,6,6-trimethyl-N-(naphthalen-2-ylmethyl)hept-2-en­
4-yn-I-amine (cis-lsoterbinefine).

www.webofpharma.com



2022 Terconazole II-1097

mobile phase and dilute to 50 mL with the mobile phase.
Dilute 1 mL of the solution to 100 mL with the mobile
phase.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
_ stationary phase: base-deactivated end-capped oclad€0JlsiJy/

silica gelfor chromatography R (5 pm).

Mobile phose Prepare a 0.050 M ammonium formate
solution as follows: dissolve 3.15 g of ammoniumfonnate R in
about 980 mL of waterfor thromatography R. adjust to
pH 3.0 by adding about 8 mL of anhydrous formic acidRand
dilute to 1000 mL with waterfor chromatography R. Dissolve
4.23 g of sodium hexanesulfonare R in 770 mL of the 0.050 M
ammom .

andenantiomer

B. (4RSj-2-tert-butyl-I,2,3,4-tetrahydroisoquinoline-4,6,8­
triol,

o
HO~~XCH,Y H,C CH,

OH

C. 2-(tert-butylamino)-I-(3,5-dihydsoxyphenyl)ethan-I-one,

____________________ ""E"

D. 2- [benzyl( tert-butyl)amino)-I-(3,5-dihydsoxyphenyl)ethan­
j-one.

o -<"

HO~NXCH,Y H,C CH,

OH

67915-11-5532.5Cz,H31ClzN, O,

Terconazole

(OC10CI

H,C,--- 1\ -0- rox'r -N NOH N
H,C '---/ - \I 'N

andenantiomer N-.!J

(Ph. Bur. monograph 1270)

methanol R.
Flow rare 1.0 mUmin.

Detection Spectrophotometer at 276 run.

Injection 20 pL.

Run time 6 times the retention time of terbutaline.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity C.
Relative retention With reference to terbutaline (retention
time = about 10 min): impusity C = about 0.9.

System suitability Reference solution (a):
- resolution: minimwn 2.0 between the peaks due to

impurity C and terb~ta1ine.

Calculation of percentage contents:
- for each impurity, use the concentration of terbutaline

sulfate in reference solution (b).

limits:
- unspecified impurilies: for each impurity) maximwn

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 pet cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

.',,

ASSAY
Dissolve 0.400 g in 70 mL of anhydrous acetic acidR with
heating. Titrate with 0.1 M perchiotic acid, determining the
end-point potentiometrically (2.2.211).
I mL of 0.1 M perchloric acidis equivalent to 54.86 mg

of C"H-roNzOIOS.

IMPURITIES
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified imptmties and/or fry the general
monograph Substances for pharmaceutical use (2014). It is
therefore notnecessary UJ identify these impurities for
demonstration of compliance. See also 5.10. ContTol of impurities
in substances for phannaceutical use) A) B, CJ D.

HOyyCO:!H

Y
OH

A. 3,5-dihydroxybenzoic acid (o-resorcylic acid),

Action and use
Antifungal.

""Ev _

DEFINITION
1-[4-[[(2RS,4SR)-2-(2,4-Dichloropheuyl)-2- [( IH-I ,2,4­
triazol-I-yl)methyl)-l,3-dioxolan-4-yl)methoxy) phenyl)-4-(1­
methylethyl)piperazine.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhitepowder.

Solubility
Practically insoluble in water) freely solublein methylene
chloride) soluble in acetone, sparingly soluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENfIFICATION
First identification: A.
Second identification: B, C.

www.webofpharma.com



Flowrate 2 mUmin.

Detection Spectrophotometer at 220 run.

Injection 10 111-.
Relativeretention With reference to terconazole (retention
time =about 7.5 min): ketoconazole =about 0.8;
impurity A = about 0.85; impurity B = ahout 0.9.

System suicability Reference solution (a):
- resolution: minimum 13 between the peaks due to

ketoconazole and terconazole.
Limits:

II-1098 Terconazole

A. Infrared absorption spectrophotometry (2.2.24).

Comparison terconazole CRS.

If me spectra obtainedin the solid state show differences"
dissolve the substance to be examinedand the reference
substance separately in the minimum volume of acerone R,
evaporate to dryness in a current of air and record new
spectra using the residues.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 30 mg of the substance to be
examined in methanol R and dilute to 5 mL with the same
solvent.

Reference solution (a) Dissolve 30 mg of teramazole CRS in
methanol R and dilute to 5 mL with the same solvent.

Reference solution (b) Dissolve 30 mg of hetoconazde CRS
and 30 mg of terconazole CRS in methanol R and dilute (0

Tlm,
(mIn)

0-10

10 ~ 15

Mobile phase A
(per cent VIl')

95 ..... 50

50

2022

Mobile phase B
(per cent JIM

5 ..... 50

50

Plate TLC octadecylsilyl silica gelplate R.
Mobilephase ammonium aatate solution R, dioxan R,
methanol R (20:40:40 VIVIV).

Applkation 5 ~L.

Development In an unsaturated tank overhalf of the plate.
Drying In a current of warm air for 15 min.
Detection Expose to iodine vapouruntil the spots appear
and examine in daylight.
System suitability Reference solution (b):

- the chromatogram shows 2 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).
C. To 30 mg in a porcelain crucible add 0.3 g of anhydrous
sodium carbonate R. Heat over an open flamefor 10 min.
Allow to cool. Take up the residuewith 5 mL of dilute ninic
acid R and filter. To I mL of the filtrate add I mL of
waterR. The solution gives reaction (a) of chlorides (2.3.1).

TESTS
Optical roeatton (2.2.7)
-1l.10° '0 + 0.10°.

Dissolve 1.0 g in methylene chloride R and dilute '0 10 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.
Reference solution (a) Dissolve 2.0 mg of keteamazole CRS
and 2.5 mg of ceramazole CRS in methanol Rand dilute to
100.0 mL with the same solvent.

Reference solution (b) Dilute 1.0 mL of the test solution '0
100.0 mL with methanol R. Dilute 5.0 mL of this solution to
20.0 mL with methanol R.
Column:
- size: 1= 0.1 m, 0 = 4.6 mm;
- stationary phase: base-deactivated o<tadecylsilyl sai<a gelfor

chromarography R (3 urn).

Mobile phase:
- mobile phase A: 3.4 gIL solution of tetrabutylammonium

hydrogen sulfate R;
- mobile phase B: acetonitrile Rl;

of me principal peak in the chromatogram obtained with
reference solution (b) (0.25 per cent);

- unspecified impurities: for each impurity, not more than
0.4 times the area of the principal peak in me
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.5 per cent);

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtainedwithreference solution (b)
(0.05 per cent).

Los. on drying (2.2.32)
Maximum 0.5 per cent, detennined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 70 mL of a mixture of I volume of
anhydrous acetic add Rand 7 volumes of merhyl ethylketone R.
Titrate with 0.1 M perchlori< acid, determining the end-point
potentiometricaUy at the2nd point ofinftexion (2.2.20).
I mL of 0.1 M perchloric acid is equivalent to 17.75 mg
of C,.H31CI,N,03'

STORAGE
Protecred from light.

IMPURITIES
Specified impllrities A, B.

ClyyCIo.·v
H,C r>; -0- FJ)<; P

)-N N '\ 0 H N
H,C '---/ - (' 'N

andenantiomer N-.!J

A. 1-[4-[[(2RS,4RS)-2-(2,4-dicWorophenyl)-2-[(IH-I,2,4­
triazol-I -yl)methylj-I ,3-dioxolan-4-yI]methoxy1phenylj-4­
( l-methylethyl)piperazine,
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____________________ PhE<I

B. 1-[4-[[(2RS,4SR)-2-(2,4-dich!orophenyl)-2-[(4H-I,2,4­
triazol-4-yl) methyl] -I ,3-dioxolan-4-yl]methoxy] phenyl] -4­
(I-methylethyl)piperazine.

ClyyCI

(0·0
H,C)- 1\ -0-" rt--o~N NOH N
H,C '-./ - (. )

andenanliomer N-N

Terfenadine **** ** ** ****

Test solution Dissolve 50 mg of the substance to be
examined in methylene chloride R and dilute to 10 mL with
the same solvent.
Reference so/mum Dissolve 50 mg of terfenadine CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.
Plate TLC silica gelF254 plate R.
Mobile phase merhanol R, methylene chloride R (10:90 VIII).

Applicauon I0 ~L.

Developmem Over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 nm.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the

PhE<I _

DEFINITION
( IRS)-I-[4-(1,1-Dimethylethyl)phenyl] -4-[4­
(hydroxydiphenylmethyl)piperidin-I-yl)butan-I-o!.

Content
98.5 per cent to 10LO per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Veryslightly soluble in water, freely soluble in methylene
chloride,soluble in methanol. It is veryslightly soluble in
dilute hydrochloric acid.
It shows polymorphism (5.9).

IDENTIFICATION
First idendficadon: C.
Second identification: A. B, D.
A. Melting point (2.2.14): 146 'C to 152 'C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).
Test solution Dissolve 50.0 mg in methanol R and dilute [0

100.0 mL with the same solvent.

Spectral range 230-350 nm,

Absorption moximum At 259 nm.

Shoulders At 253 nm and 270 nm,
Specific absorbance at the absorption maximum 13.5 to 14.9.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison terfenadine CRS.

D. Thin-layer chromatography (2.2.27).

Action and use
HistamineHI receptor antagonist; antihistamine.

TESTS
Related substances
Liquid chromatography (2.2.29).
Test solUlion Dissolve 15 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.
Reference solution (aJ Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobile phase.

Reference sdudon (b) Dissolve 15 mg of terfenodine
impurity A CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase. To 5.0 mL of this solution, add
5.0 mL of the test solution and dilute to 50.0 mL with the
mobile phase.

Reference solution (c) Dilute 10.0 mL of reference
solution (a) to 25.0 mL with the mobile phase.

Reference solution (d) Dissolve 0.1 g of potassium iodide R in
the mobile phase and dilute to 100 mL with the mobile
phase. Dilute I mL of this solution to 100 mL with the
mobilephase.
Column:
- size: 1= 0.25 01, 0 = 4.6 mm;
- stationary phase: o<tyIsilyl silica gelfor chromatography R

(5 pm).

Mobile phase Dilute 600 mL of acetonitrile R1 to I L with
diethylammonium phosphate buffer ,ofution pH 6.0 R.

Flow rale I mIJmin.
Detection Spectrophotometer at 217 om.

Injection 20 ~L.

Run time 5 times the retention time of terfenadine.
System suitability Reference solution (b):
_ resolution: minimum 5.0 between the peaks due to

terfenadine and impurityA;
- mass distribution ratio: minimum 2.0 for the peakdue to

terfenadine; use potassium iodide R as the unretained
compound (reference solution (d)).

Limits:
- impurities A, B, C, D, E, F, Gj H, I, J: for each impurity,

not more than the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.2 per cent);

_ total: not more than the area of the principal peak in the
chromatogram obtained with reference solution (3)
(0.5 per cent);

50679-08-8471.7C"R"N02

www.webofpharma.com



1I-1l00 Terfenadine

- disregard limit: 0.025 times the area of the principal peak
in the chromatogram obtained with reference solution (c)
(0.005 per cent).

Loss on drying (2.2.3<)
M..ximum 0.5 per cent, determined on 1.000 g by drying at
60 DC at a pressure not exceeding 0.5 kPa.

Sulfated ash (2.4. / 4)

Maximum0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 00400g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 1\rl perchlonc acid, determining the end-point
potentiomenically (2.2.20).

I mL of 0./ M perchlOTic acid is equivalent to 47.17 mg
of C32H41N02'

STORAGE
Protected flom {igh .

IMPURITIES
Specified impurities A, B, C, D, E, P, G, H, 1, J.

A. 1-[4-(Lf-dimethylethyljphenylj-q-jq­
(bydroxydiphenyimethyl)piperidin-I-yl]butan-l-one,

B. (IRS)-I-[4-(1, l-dimethylethyl)phenyl]-4-[4­
(diphenyimethyl)piperidin-I-yl]butan-I-ol,

C. 1-[(4RS)-4-[4-(I, l-dimethylethyl)phenyl]-4­
hydroxybutyl]-4-(bydroxydiphenyimethyl)piperidine
f-oxide,

H3C CH3

~CH,

T
N~

I "'" H 'OH

I : and enanliomer

D. (IRS)-I-[4-(1 ,1-dimethylethyl)pbenyl]-4-[4­
(diphenyimethylene)piperidin-l-yl]butan-l-ol,

2022

E. 1-[(4RS)-4-[4-(I, l-dimethylethyl)phenyl]-4-hydroxybutyl]
piperidine-4-carboxylic acid,

F. 1-[4-[4-(1, I-dimethylethyl)phenyl]but-3-enyl]-4­
(diphenyimethylene)piperidine,

~
N~::3

I""
OH

G. [1- [4-[4-(1, I-dimethylethyl)phenyl]but-3-enyl]piperidin-4­
yl]diphenyimethanol,

H. [1-[4- [4-( I, l-dimethylethyl)phenyl]butyl]piperidin-4-yl]
diphenylmethanol,

OvOH
cs:

I. diphenyl(piperi~-4-yl)methanol,

J. ethyl 1-[(4RS)-4-[4-(1, l-dimethylethyljphenylj-a­
hydroxybutyl]piperidine-4-earbnxylate.

____________________ "'E<r
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Teriflunomide
(Ph. Bur. monograph 3036)

**** ** ** ****

Teriflunomide II-ll 01

Mobilephase:
- mobile phaseA: acetonitrile for chromatography R, buffer

solution (10:90 VII');
- mobile phase B: buffer solution, acetonitrile for

chromatography R (10:90 VII');

Time MobUe phase A Mobile phase B
(mIn) (per cent VIJI) (per cent V/J?

0-2 7. 24

2 - 12 76 ---> 23 24 ---I' 77

PhE" _

Action and use
Immunomodulator; treatment of multiple sclerosis

enamide.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, slightly soluble in anhydrous
ethanol, practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison terifiunomide CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Use freshly prepared solutions.

Buffer solution 3.85 gIL solution of ammonium acetate R in
waterfor chromatography R adjusted to pH 5.5 with glacial
acetic acid R.
Solvent mixture Buffer solution, acetonitrile R (20:80 VII').

Test solution Dissolve 20.0 mg of the substance to be
examined in 40 mL of the solvent mixture and dilute to
100.0 mL with the solvent mixture.

Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (6) Dissolve 10 mg of Ieflunomide
impurityA CRS (teriflunomide impurity A) in acetonitrile R
and dilute to 250 mL with the same solvent. Dilute 1 mL of
the solution to 200 mL with the solvent mixture.

Reference solution (c) Dissolve 5 mg of terifiunomide
impurityB CRS in acetonitrile R and dilute to 100 mL with
the same solvent. Dilute 2 mL of the solution to 50 mL with
the solvent mixture. To 1 mL of this solution add 1 mL of
reference solution (b) and dilute [0 10 mL with the solvent
mixture.

Reference solution (d) Dissolve 20.0 mg of terifiunomide for
assayCRS in 40 mL of the. solvent mixture and dilute [Q

100.0 mL with the solvent mixture.

Column:
- size: / = 0.15 m, 0 = 4.6 nun;
- stationary phase: end-capped solid core octade<Ylsilyl silica gel

for chromatography R (2.7 urn);
- temperature: 40 "C.

DEFINITION
fl

270.2

uorom

163451-81-8

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 249 nm.

Injection 5 J.lL of the test solution and reference
solutions (a) and (c).

Identification of impurities Use the chromatogram obtained
n u

impurities A and B.
Relaliveretention With reference to teriftunomide (retention
time = about 5 min): impurity B =about 1.5;
impurity A =about J.6.
System suitability Reference solution (c):
- resolution: minimum 1.5 between me peaks due to

impurities B and Ai
- signal-to-noise ratio: minirnum 10 for the peak due to

impurity A.
Calculation of percentage contents:
- for each impurity, use the concentration of teriftunomide

in reference solution (a).

Limits:
- impm;ly A: maximum 0.01 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent; do not disregard the peak

due to impurity A.

Water (2.5.32)
Maximum 0.5 per cent, determined on 0.100 g by direct
sample introduction.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Injection Test solution and reference solution (d).

System suitability Reference solution (d):
- symmetryfactor: maximum 1.7 for the peak due to

teriflunomide;
- repeatability: maximum relative standard deviation of

1.2 per cent determined on 6 injections.

Calculate the percentage content of CI2H9FJN202 taking
into account the assigned content of teriflunomith for
assayCRS.

IMPURITIES
Specified impurities A.
Otherdetectable impurities (the foUOOJing subslances would, if
present at a mffident level, be detected by oneor otherof the USLS

in the monograph. They are limitedby thegeneral acceptance
ctitevion for other/unspecified impurities ondtor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impuruies for
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demonstration of compliance: See also 5.10. Control of impuniies
in substances for pharmaceutical use) B.

A. 4-(lrifIuoromethyl)aniline (Ieflunomide impurity A),

B. 2-cyano-N-[4-(lrifIuoromethyl)phenyl]acetamide.

SELECTIVE CLEAVAGE OF THE PEPTIDE BONDS
Solution A Dissolve 230 mg of anhydrous disodium hydrogen
phosphate Rand 60 mg of sodiumdihydrogen phosphate
monohydrote R in 100 mL of water R and adjust 10 pH 1.8
with sodium hydroxide solution R.

Test solution Dissolve the substance to be examined in
solution A to obtain a concentration of 1.5 mglmL and
transfer 150 ~L of the solution 10 a clean tube. Add 90 ~L of
a 0.25 mglmL solution of gll/tarnyl endopeptidase for pepride
mappingR in solution A. Mix and incubate at 37°C for
18-24 h. SlOP the reaction by adding 660 ~L of mobile
phase A to reach a final digested protein concentration of
about 0.25 mglmL.

NOTE: if a teriparatide concentration of 1.5 mglmL isnot
obiaineble, a similar ratio ofmicrograms of endopeptidase per
milligram of teriparatiJe may be used.

P!>w _

Action and use
Parathyroid hormone analogue; treatment of osteoporosis.

IDENTIFICATION
A. Peptide mapping (2.2.55).

TIme MobUe phase A MobUe phase B
(min) (per cent VII? (per eenr JIll?
0-0 90 4

6 - 20 96 ..... 45 4 ..... 55

20 - 25 45 ..... 0 55 ..... 100

&frmmu sol~ e same
manner as for the test solution but using teriparotide CRS
instead of the substance to be examined.

Blank solution Prepare at the same rime and in the same
manner as for the test solution but omitting the substance to
be examined.

CHROMATOGRAPHIC SEPARATION
Liquid chromatography (2.2.29]. Store the so/mums ar 2-8 'C
and usethem within 72 h.

Column:
- size: I;;;; 0.15 m, 0 ;;;; 4.6 mm;
- stationary phase: octadecylsi/yl silica gelfor chromotography R

(3.5 um) with a pore size 000 urn;
- temperature: 40 °C.

Mobile phase:
- mobile phase A: mix I mL of trifluoroamicacidRand

1000 mL of waterR; filter and degas;
- mobile phaseB: mix I mL of trifluoroacetic acidR, 400 mL

of woterRand 600 mL of acetoniuile for chromatography R;
filter and degas;

FIwJ rate I mUmin.

Detection Spectrophotometer at 214 nm.
AUlOSompler Set at 2-8 °C.

Injection 20 IlL.
System suiUlbility:
- the chromatogram obtained with the reference solution is

qualitatively similar to the chromatogram of teriparatide
digest supplied with teriparadde CRS;

- in the chromatogram obtained with the reference solution)
identify the peaks due to digest fragments I, II, Ill, N
and Y:

symmetry factor Maximum 2.3 for the peak due to fragment
IV;
resolution Minimum 1.5 between the peaks due to fragments
I and m.
Results The profile of the chromatogram obtained with the
test solution corresponds to that of the chromatogram
obtained with the reference solution.

B. Examine the chromatograms obtained in the assay.

**** ** ** ****

52232-67-44118

Val-Hls-Asn-Phe' OH

H'Ser-Var-Ser-Gfu-IIe-Gln-Leu-Met-HIs'Asn­

"~-~-~~~-~-~-~-M~-~-~-

'"~-~-~-~u-~-~-~-~-~-Asp-

'"

(Ph. Eur. monograph 2829)

Teriparatide

DEFINITION
Tetrattiacontapeptide in which the sequence of amino acids
is the same as that of the 1-34 N-tenninal fragment of
endogeneous human parathyroid hormone (dtPTH).

Content
95.0 per cent to 105.0 per cent (anhydrous, acetic acid- and
chloride-free substance).

PRODUCTION
Teriparatide is produced by a method based on recombinant
DNA (rDNA) technology. During the course of product
development it must be demonstrated that the manufacturing
process produces a biologically active protein using a suitable
bioassay as approved by the competent authority.

Prior to release, the foUowing tests are carried out on each
batch of reripararide, unless exemption has been granted by
the competent authority.

Host-cell-derived proteins
The limit is approved by the competent authority.

Host-cell- and vector-derived DNA
The limit is approved by the competent authority.

CHARACTERS
Appearance
White or almost white, very hygroscopic powder.

Solubility
Freely soluble in water and in methanol) practically insoluble
in acetonitrile.

www.webofpharma.com
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Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time to the
principal peak in the chromatogram obtained with the
reference solution.

TESTS
Impurities with molecular masses greater than that of
teriparatide
Size-exclusion chromatography (2.2.30): use the
normalisation procedure. Store the solutions at 2-8 °C and use
them within 72 h.

Test sdution Dissolve the substance to be examined in
waterR to obtain a concentration of 1 mg/mL.

Reference solution Dissolve the contents of a vial of
tetiparatide CRS in waler R to obtain a concentration of
1 mglmL.

Blank solution water R.
ResOlulw,r sOlutwn lricubate a VIal 01 teri}Jarauae C1{

Teriparatide II-ll03

Resolution solution Dissolve the contents of a vial of
teriporoiide for system suitability CRS in mobile phase A to
obtain a concentration of 1 mg/mL.

Column:
- size: 1= 0.15 m, Q) = 4.6 mm;
- stationary phase: actadecylsi/yl silica gelfor chromatography R

(3.5 um) with a pore size of 30 nm;
- temperature: 40°C.

Mobile phase:
- mobile phaseA: mix 10 volumes of acetonitrile for

chromatography Rand 90 volumes of the buffer solution
and degas; apply mild heating at 20-25 "C while stirring
continuously during analysis;

- mobile phaseB: mix equal volumes of acetonitrile for
chromatography R and the buffer solution and degas; apply
mild heating at 20-25 °C while stirring continuously

. ana is'

Flow rate 1.0 mIJmin.

Detection Spectrophotometer at 214 nm.

Autosampler Set at 2-8 °C.

Injection 20 f1L.
Relative retention With reference to teriparetide (retention
time ~ 20-25 min): related protein A ([Met08

,

MetO l8]teriparatide) =about 0.40; related protein B
([Met08)leriparatide) ~ about 0.49; related protein C
([MetO I8]teriparatide) ~ about 0.57; related protein
D = about 1.06; related protein E = about 1.14.

Systemsuitability Resolution solution:
- the chromatogram obtained is similar to the

chromatogram supplied with teripomtide for system
suitability CRS;

- resolution: minimum 1.5 between the peaks due to
teriparatide and related protein D;

- symmetry factor: 0.8 to 2.0 for the peak due to teriparatide;

Results:
~ the profile of the chromatogram obtained with the test

solution corresponds to that of the chromatogram
obtained with the reference solution.

Limits:
- sum of related proteins A, Band C: maximum 0.5 per cent;
- any other related protein: maximum 0.5 per cent;
- total: maximum 2.0 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.32)
Maximum 7.0 per cenr, determined on 10 mg using the
evaporation technique:
- temperature: 100°C;
- heating time: 8 min.

Bacterial endotoxin. (2.6.14)
Less than 50 ill/mg.

ASSAY
Acetate
Liquid chromatography (2.2.29): use the normalisation
procedure. Store the solutions at 2-8 °C and use them within
72 h.

75°C for 16-24 h. After incubation, dissolve the contents of
the vial in waterR to obtain a concentration of 1 mg/mL of
degraded teriparatlde.

Column:
- size: I::: 0.30 m, 0 ::: 7.8 mID;
- stationary phase: hydrophilic silica gelfar chromatography R

(5-10 urn) with a pore size of 12.5 nm, of a grade suitable
for fractionation of globular proteins of relative molecular
mass up to 150000.

Mobile phase Add 1 mL of lrijluorocu:etic acidR to 750 mL
of waterR, mix with 250 mL of acetonitrile for
chromatography R and degas.

Flow rate 0.5 mIJmin..

Detection Spectrophotometer at 214 nm.

Auiosampler Set at 2-8 "C,

Injcc.on 20 ~L.

Run rime 1.5 times me retention time of teriparatide
monomer.

Retention rime Teriparatide monomer =about 17 min.

System suitability:
- the chromatogram obtained with the reference solution is

similar to the chromatogram supplied with
teriparoiide CRS;

- resolution: minimum 2.0 between the peaks due to
teriparatide dimer and monomer in the chromatogram
obtained with the resolution solution.

Limit:
- sum of <he peaks eluted before theprincipal peak: maximum

0.3 per cent; disregard any peak with a retention time
greater than mat of the peak due to teriparatide
monomer.

Related proteins
Liquid chromatography (2.2.29): use the normalisation
procedure. Stow the sobuions at 2-8 °C and use them within
48 h.

Buffersolution Dissolve 28.4 g of anhydrous sodium sulfate R
in 900 mL of waw R and adjust to pH 2.3 with phosphoric
acid R. Dilute to 1000 mL with waterfor chromatography R
and filter.

Test solution Dissolve the substance to be examined in
mobile phase A to obtain a concentration of 0.7 mg/mL.

Reference solution Dissolve the contents of a vial of
terioaraude CRS in mobile phase A to obtain a concentration
of 0.7 mglmL.

Blank solution Mobile phase A.

Time
(mln)

0·5

5 - 35

35 - 45

Mobile phase A
(per cent VIJI)

100 ---> 65

65 ---> 60

60 -> 0

Mobile phase B
(per cent VII?

o ---> 35

35 ---> 40

40 ---> 100
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PIlE.. _

14636-12-51227

e test so unon.o ame WI

Content
Liquid chromatography (2.2.29) as described in the test for
related proteins with the foUowing modifications.

Test solution Dissolve the substance to be examined in the
mobile phase to obtain a concentration of 0.25 mglmL.

Reference solution Dissolve the contents of a vial of
ten'paralide CRS in the mobile phase to obtain a
concentration of 0.25 rnglmL.

Mobile phase Mobile phase A, mobile phase B (63:37 VIII);
apply mild heating at 20-25 °C while stirring continuously
during analysis.

Run time 1.5 times the retention time of teriparatide.

Retention time Teriparatide = about 10 min.
Systemsuitability Reference solution:
- symmetry factor. 0.8 to 1.5 for the peak due to teriparatide;
- repeatability: maximum relative standard deviation of

1.25 per cent for the area of the peak due to teriparatide,
determined on 3 injections.

Calculate the percentage content of teriparatide
(CI81H2!;tIN55051S2) taking into account the assigned
content of ten"paratide CRS.

STORAGE
In an airtight container, protected from light, at -10°C or
below.

Injection 50 JlL.

Run time 6 times the retention time of chloride.

Retention time Chloride = about 1.6 min;
nitrite =about 1.8 min.

Systemsuitability Reference solution (b);
- resolution: minimum 1.5 between the peaks due to

chloride and nitrite;
- symmetry factor: maximum 2.0 for the peaks due to

chloride and nitrite;
- rejmJUlbility: maximum relative standard deviation of

2.0 per cent for the areas of the peaks due to chloride and
nitrite, determined on 5 injections;

- the correlation coefficient (r) calculated for the standard
curve is not less than 0.999.

Calculate the chloride content using the standard curve and

f I
H- Gly -oIy4Gry· cys- Tyr - Phe -Gln- Asn-Cys -Pro -Lys - Gly -N~

(ph. Eur. monograph 2646)

Terlipressin

--------- PIIE..

Action and use
Vasopressin analogue; treatment of diabetes insipidus,
bleeding from varices) dialysis.

DEFINITION
Glycyl-glycyl-glycyl-L-cysteinyl-L-tyrosyl-L-phenylalanyl-L­
glutaminyl-L-asparaginyl-L-cysteinyl-L-prolyl-L­
lysylglycinamide cyclic (4~9)-disulfide.

ow rate mm,
Detection Spectrophotometer at 210 nm.
Autosampler Set at 2-8 "C.
Injection 100 ~L.

Run time 1.5 times the retention time of acetate.
Retention time Acetate e about 10 min.
Systemsuitability:
- repeatability: maximum relative standard deviation of

1.25 per cent for the area of the principal peak,
determined on 3 injections of the middle reference
solution;

- the correlation coefficient (r) calculated for the standard
curve is not less than 0.999.

Calculate the acetate content using the standard curve and
the area of the peak due to acetate in the chromatogram
obtained with the test solution.

Chloride
Liquid chromatography (2.2.29): use the normalisation
procedure. Use the solutions within 72 h.

Testsolution Dissolve the substance to be examined in
water R to obtain a concentration of 1 mglmL.
Reference solution (a) Dissolve 165.9 mg of sodium
chloride R, previously dried at 105°C for 30 min, in waterR
and dilute to 100 mL with the same solvent.

Reference solution (b) Dissolve 150 mg of sodium nitrite R in
water R and dilute to 100 mL with the same solvent.
Mix 1.0 mL of the solution and 2.5 mL of reference
solution (a) and dilute to 100 mL with water R.
Reference solutions Dilute reference solution (a) with waterR
to prepare a standard curve with at least 4 concentrations in
the range of 10-40 ~glmL.

Plot peak areas versus injected chloride content and perform
linear regression to create a standard curve.

Precolumn:
- size: / =0.05 m, 0 =4.0 mm;
- stationary phase: strongly bam anion-exchange resin for

chromatography R (15 pm).

Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- suuionatyphase: strongly basic anion-exchange resin for

chromawgraphy R (15 pm).

Mobile phase Dissolve 285.7 mg of sodium hydrogen
carbonate Rand 381.6 mg of anhydrous sodium carbonate R in
waterR and dilute to 2000 mL with the same solvent.

Flow Tate 2.0 mUmin.

Detection Conductivity detector; use a self-regenerating
anion suppressor at 100 rnA.

Test solurion Dissolve me substance to be examined in the
mobile phase to obtain a concentration of 5 mg/mL.

Reference solutions Dissolve separately 100 mg, 200 mg and
300 rug of anhydrous sodium acetate R in the mobile phase
and dilute to 100 mL with the mobile phase. Further dilute
1.0 mL of each solution to 10.0 mL with the mobile phase to
prepare a standard curve with acetate concentrations in me
range of 0.072-0.216 mglmL.

Plot peak areas versus injected acetate content and perform
linear regression to create a standard curve.

Column:
- size: 1= 0.25 m, 0 == 9.0 mm;
- stationary phase: ion-exclusion resin for chromatography R

(7.5 um).

Mobile phase 0.5 per cent VIV solution of dilute sulfuric
acidR.
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Synthetic dodecapeptide analogue of the natural hormone
vasopressin. It is available as an acetate.

Content
95.0 per cent to 105.0 per cent (anhydrous, acetic acid-free
substance).

CHARACTERS
Appearance
White or almost white fluffy powder, hygroscopic.

IDENTIFICATION
Carry out either tests A, B or tests A, C.

A. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size [Q

the principal peak in the chromatogram obtained with
reference solution (a).

Preparation 2.9 mg/mL solution in deuterium oxide R
containing 20 ~glmL of deuterated sodium
trimelhy/sily/propionate R. adjusted to pH 4 with deuterated
acetic acidR.
Comparison Dissolve the contents of a vial of ter!ipressin for
NiHR identificaulm CRS in deuterium oxide R conrelning "
20 ~glmL of deuterated sodium trimethJ~ily/propionate R,
adjusted to pH 4 with deuterated acetic acidR, to obtain a
concentration of 2.9 mg/mL.

Operating conditions:
- field strength: minimum 300 MHz;
- temperature: 23 °C.

Results Examine the IH NMR spectrum from 0 to 9 ppm.
The IH NMR spectrum obtained is qualitatively slrnilar to
the 'H NMR spectrum obtained with terlipressinfor NMR
identification CRS.

C. Amino acid analysis (2.2.56). Method 1 for hydrolysis
and method 1 for analysis are suitable.

Express the content of each amino .acid in moles. Calculate
the relative proportions of the amino acids, taking 1/9 of the
sum of the number of moles of aspartic acid, glutamic acid,
proline, glycine, phenylalanine and lysine as equal to 1.
The values fall within the following limits: glycine 3.6 to 4.4;
half-cystine 1.4 to 2.2; tyrosine 0.7 to I.Ij phenylalanine,
glutamic acid, aspartic acid, proline and lysine 0.9 to 1.1.
Not more than traces of other amino acids are present.

TESTS
Specific optical rotation (2.2.7)
-108 to -88 (anhydrous and acetic acid-free substance).

Dissolve 125.0 mg in 25.0 mL of a 1 per cent VIV solution
ofglacialacetic acidR.

Related substances
Liquid chromatography (2.2.29).

Buffersolution Dissolve 3.30 g of ammonium sulface R in
waterfor chromatography R and dilute to 5000 mL with the
same solvent. Add 1.0 mL of sulfuric acidR and mix well;
filter through a membrane filter (nominal pore size 0.45 urn).

Test solution Dissolve 10.0 mg of the substance to be
examined in 50.0 mL of a 9 gIL solution of sodium chloride R.
Solution A Dissolve the contents of a vial of terlipressin
impun'ly mixture CRS (containing impurities A, D and L) in
1.0 mL of a 9 gIL solution of sodium chloride R.

Solution B Dissolve the contents of a vial of terlipressin CRS
in a 9 gIL solution of sodium chloride R and dilute to 2.5 mL
with the same solution.

Terlipressin II-ll 05

Reference solution (a) Dilute 1.0 mL of solution B to 2.0 mL
with a 9 gIL solution of sodium chloride R.

Reference solution (b) Mix 20 ~L of solution A and 500 ~L

of solution B, and dilute to 1.0 mL with a 9 gIL solution of
sodium chloride R.

Reference solution (c) Mix I00 ~L of solution A and 500 ~L

of solution B, and dilute to 1.0 mL with a 9 gIL solution of
sodium chloride R.

Reference solution (d) Dilute 1.0 mL of the test solution to
100.0 mL with a 9 gIL solution of sodium chloride R. Dilute
1.0 mL of this solution to 10.0 mL with a 9 gIL solution of
sodium chloride R.
Column:
- size: 1= 0.15 m, 0 =3.0 mm;
- stationary phase: end-eapped octaderylsifyl silica gelfor

chromatography R (5 pm);
o

Mobile phase:
- mobile phaseA: methanol R, buffer solution

(18.5:81.5 VII');
- mobile phaseB: methanol R, buffer solution (30:70 VII');

Tbn, Mobile phase A Mobile phase B
(mIn) (per cent VIY) (per cent Vil')

0-35 100 0

35 - 55 100 ..... 0 0 ..... 100

55 - 65 0 100

Flow rate 0.6 mUmin.

Detection Spectrophotometer at 210 run.

Injection 200 f.IL of the test solution and reference
solutions (a), (b), (c) and (d).

Identification of impuniies Use the chromatogram supplied
with terlipres.sin jmpurity mixture CRS and the chromatogram
obtained with reference solution (c) to identify the peaks due
to impurities A, D and L.
Relativeretention With reference to terlipressin (retention
time =about 21 min): impurity E = about 0.4;
impurity C =about 0.5; impurity B = about 0.7;
impurity A = about 0.85; impurity G =about 1.2;
impurity H = about 1.4; impurities I and F =about 2.0;
impurity L = about 2.2; impurity D = about 2.3;
impurity K = about 2.5; impurity J = about 2.8.

System suitabuity:
- resolution: minimum 1.4 between the peak due to

impurity A and the principal peak in the chromatogram
obtained with reference solution (c); the peaks due to
impurities Land D are separated as shown in the
chromatogram supplied with terlipressin
impun'ey mixtureCRS.

- signal-to-noise ratio: minimum 50 for the peak due to
impurity ~ in the chromatogram obtained with reference
solution (b);

- symmetry factor. maximum 2.0 for the peak due to
terlipressin in the chromatogram obtained with reference
solution (a);

- repeatabih·ty: maximum relative standard deviation of
2.0 per cent determined on 5 injections of reference
solution (a).

Calculation of percentage contents:
- for each impurity, use the concentration of terlipressin in

reference solution (d).

Limits:
- impurityD: maximum 0.6 per cent;
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- unspecified impurities: for each impurity, maximum
0.5 per cent,

- total: maximum 1.5 per cent;
- reponing rhreshold: 0.1 per cent.

Acetic acid (2.5.34)
8.0 per cent to 14.0 per cent.

Test solution Dissolve 20.0 mg of the substance to be
examined in a mixture of 5 volumes of mobile phase Band
95 volumes of mobile phase A, and dilute to 20.0 mL whh
the same mixture of solvents.

Water (2.5.32)
Maximum 10.0 per cent, determined on 10.0 mg using the
evaporation technique at 120°C.

j I
H -Gly -Gly -Gly -Cys - Tyr -Phe - Gln-fl-Asp'Cys-Pro -Lys -Gfy -NH2

G. [S-L-p-aspartic acidjrerlipressln,

j I
H-Gly-Gly-Gly-Cys-Tyr-Phe-Gln-Asp-Cys-Pro-Lys-GJy-NH2

H. [8-L-a-aspartic acidjterlipressin,

I I
H-Gry -Gly-Gly -Cys - Tyr-PIle-Grn- Aen-Cys -Pru-Lys -Gly' OH

I. [I2-glycine]terlipressin,

I I
H-Gly-Gly-Gly -Cys- Tyr -Phe -Gln- Asn-Cys-Pro -Lys -Gly - OCzHs

ASSAY
Liquid chromatography (2.2.29) as described in the test for
relared slJbstances with the followiag...modi£i

J. [lz-glyclnelterlipressin ethyl ester,

L. [8-L-aspartic acid,12-glycine]terlipressin.

K. [7-L-g1utamic acid, 12-glycine]terlipressin,

**** ** ** ****

245/-01-6

• ",0

190.3

(Ph. Eur. monograph 2940)

Terpin Monohydrate

Action and use
Expectorant.

------------------- """

""<I _

I I
H-GIy-GIy-Gly-Cys-Tyr-Phe-Gln-Asp-Cys-Pro-Lys-GIy-OH

I I
H· Gly· GIy·cys- Tyr -PhG' Gln-Asn-Cys -Pro ·Lys -Gly -NH2

Injection 200 J.lL of the test solution and reference
solution (a).

Calculate the percentage content of terlipressin
(C32H74NI60I5S2) taking into account the assigned content
of C52H74NI60lSS2 in terlijn"eSsin CRS.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8 °C.

LABELLING
The label states the terlipressin content (C52H74N16015S2).

IMPURITIES
Specified impun;i" D.

Other timetable impurities (thelolWwing mbstances fJXlU1ti, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They orelimited by the general acceptance
cruerion for other/unspecified impurities and/or by thegeneral
monograph Substances lor pharmaceutical use (2034). It is
therefore not necessary to identify these impumies for
demonstration of complianu. See also 5.10. Control of impun"ties
in substances for pharmaceutical use) A, B, C, E, F, G, H, 1,
J, 1(, L.

A. des-Lglycine-terlipressin,

j I
H-Gly-Cys· Tyr· Phe- Gin- Asn· Cys - Pro-Lys ·GIy -NH2

B. des-l,2-diglycine-terlipressin,

I I
H-Cys - Tyr-Phe -Gln- Asn-Cys -Pm-Lys- Gty-N~

C. des-(1-3)-terlipressin,

H,CyO
I I

H- Gly - GIy- GIy' eye-Tyr -Phe -Gin -Asn-Cys - Pro- Lys' Gly -NH2

D. NI-acetylterlipressin,

I I
H -Gly -Gly-Gly-Cys' Tyr-o-Phe -Gin- Asn- Cys - Pro-Lys - Gly -NH2

E. [6-n-phenylalanine]terlipressin,

I t
H-Gly-Gly·Gly-Cys-Tyr-Phe-Glu-Asn-Cys-Pro-Lys-Gly·NH2

F" [7-L-g1utamic acid]terlipressin,

DEFINITION
(I s,4s)-4-(2-Hydroxypropan-2-yl)-I-methylcyclohexan-I-ol
monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance)"

CHARACTERS
Appearance
White or almost white, crystalline powder.

SoIuhilIty
Slightly solublelin water, soluble in ethanol (96 per cent),
slightly soluble in methylene chloride,

mp
About 117 "C.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison terpin monohydrate CRS.
B. Water (see Tests).

TESTS
Solution S
Dissolve 2.50 g in ethanol (96 pereen!! R and dilute to
50.0 mL with me same solvent.
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2022 Terpin Monohydrate II-I 107

Appearance of solution
Solution S is clear (1.1.1) and colourless (1.1.1, MerhodII).

Acidity or alkalinity
To 10 mL of solution S add 0.1 mL of bramothymol blue
solution RI. Not more than 0.2 mL of 0.02 J\1 sodium
hydroxide or 0.02 1\11 hydrochloric acid is required to change the
colour of the indicator.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Internal standard solution Dissolve 0.500 g of biphenyl R in
1 mL of methylene chloride R and dilute to 25.0 mL with
methanolR.
Test solution (a) Dissolve 0.375 g of the substance to be
examined in methanolR and dilute to 25.0 mL with me same
solvent.

Tesr==rolutwli (b) Bisselve 85.9 ilig=6 e=5tt sten

examined in methanol R, add 2.0 mL of the internal standard
solution and dilute to 100.0-mL with methanol R.
Reference solution (a) Dissolve 15.0 mg of trans-terpin R
(impurity D) in test solution (a) and dilute to 10.0 mL with
test solution (a). Dilute 1.0 mL of the solution to 10.0 mL
with test solution (a).
Reference solution (1)) Dissolve 85.0 mg of terpin
monohydrare CRS in methanol R, add 2.0 mL of the internal
standard solution and dilute to 100.0 mL with methanol R.

Column:
- material: fused silica;
- size: / ;;;; 30 m, 0 ;;;; 0.32 mm;
- stationary phase: methylpolysiloxane R (film thickness

1.0 urn),

Oanier gas helium for chromawgraphy R.

Flow rate 1 mIlrnin.

Split ratio 1:10.

Temperature:

Column

Injection port

Detector

Time
(min)

0-11

11 - 14

14 - 15

Temperature
CCl
lao

180 -0 270

27.

22.

300

Sulfated ash (1.4.14)
Maximum 0.1 per cent, determined on l.0 g.

ASSAY
Gas chromatography (2.1.28) as described in the test for
related substances with the following modification.

Injection 0.5 JlL of test solution (b) and reference
solution (h).
Calculate me percentage content of terpin using me following
expression:

Al xm2 xA4 x 100

A2 xml xA)

AI area of the peak due ro terpin in me chromatogram obtained
with test solution (b)j

A 2 area of me peakdue to terpin in the chromatogram obtained
with reference solution (b)j

. lemal 3!diidaul i
chromatogram obtained with test solution (b);

A~ area of the peak due to me internal standard in me
chromatogram obtained wnhreferencesolution (b)j

In, mass of the substance to be examined used to prepare test
solution (b), in milligrams;

m2 mass of terpin monohydrau CRS used to prepare reference
solution (b), in miUigrams.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Otherdetectable impun·ties (thefollow-ing substances uould, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspedfied impurities and/or by the general
monograph Substances for phamzaceuticaf use (1034). It is
therefore not necessary to identify these impurities for
demonstrarion of compliance. See also 5.10. Control of impurities
in subsumces for pharmaceutical use) A, B, C, D.

and enanliomer

A. 2-[(lRS)-4-methylcydohex-3-en-l-yl]propan-2-01
(o-rerpineoi),

Detection Flame ionisation.
Injection 1 J.1L of test solution (a) and reference solution (a).

Relativeretention With reference to terpin (retention
time > about 6.3 min): impurity D = about 1.05; internal
standard = about 1.2. .

System suitability Reference solution (a):
- peak-to-1JQUey ratio: minimum 3, where Hp = height above

the baseline of the peak due to impurity D and
H", =height above the baseline of the lowest point of the
cwve separating this peak from the peak due to terpin.

Limits:
- unspecified impuruies: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.11)
8.0 per cent to 10.0 per cent, determined on 0.200 g.

H,c
'}-CHJ

('foH
HO-.~
H,C

B. (ls,4s)-i-methyl-4-(prop-I-en-2-yl)cydohexan-I-ol (cis-P­
terpineol),

and enanllomer

C. (4RS)-I-methyl-4-(prop-I-en-2-yl)cydohex-I-ene
(limonene),
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D. (I r,4r) -4-(2-hydroxypropan-2-yl)-I-methylcyclohexan-I-ol
(trans-terpin).

- ~ ~_PhE"

Terpineol

Me

CHARACTERS
Appearance
White or almost white crystalline powder, or colourless or
yellowish-white crystals.

Solubility
Practically insoluble in water, freely soluble in ethanol
(96 per cent) and in methylene chloride, practically insoluble
in fatty oils.

mp
About 155 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison testosterone for ID and assayCRS.

TESTS
Speclllc optical rotadon (2.2.7)

TESTS
Refractive index
1.4800 to 1.4855, Appendix V E.

Weight per mL
0.931 to 0.935 g, Appendix V G.

Low-balling substances
Not more than 4.0% vlv distils below 214°, Appendix V C.

Time MobUe phase A MobUe phase B
(min) (per cent VIJI) (per cent VIP)

o ~ 2.7 65 35

2.7 - 7 65 ---> 63 35 ..... 37

7 - 10 63 ..... 10 37 ..... 90
10 - 12 10 90

6 to I 111 EdrietMuhslal'l

Dissolve 0.250 g in anhydrous ethanol R and dilute to
25.0 rnLwith the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetonitrile R) waterR (30:70 VIV).
Test solution Dissolve 35.0 mg of the substance to be
examined in 30 rnL of aatonilri/e R and dilute to 100.0 mL
with waterR.

Reference solution (a) Dissolve 9 mg of testosterone for system
suitability A CRS (containing impurities C) G and K) in
8 mL of acetonitrile R and dilute to 25 mL with waterR.
Reference solution (b) Dissolve 7.0 mg of testosterone
impuriry I CRS in 30 mL of aceumitriJe R and dilute to
100.0 mL with waterR. Dilute 1.0 mL of the solution to
100.0 mL with the solvent mixture.

Reference solution (c) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Reference solution (d) Dissolve 35.0 mg of testosterone for lD
and ass~ CRS in 30 mL of acetonitrile R and dilute to
100.0 mL with worer R.
Column:
- size: 1= 0.10 ffi) 0 =4.6 rnm;
- stationary phase: end-capped solid core phenylhexy/silyl silica

gelfor chromatography R (2.7 urn),
- temperature: 30°C.

Mobile phase:
- mobile phaseA: waterfor chromawgraphy R;
- mobrle phaseB: acetonitrile for chromatography R;

98-55-5

58-22-0288.4

154.3

OH
Me Me

DEFINITION
Terpineol is a mixture of structural isomers in which
a-terpineol predominates.

CHARACTERISTICS
A colourless,slightlyviscous, liquid which may deposit
crystals; odour, pleasantand characteristic.
Very slightly soluble in water; freely soluble in ethanol (70%);
soluble in ether. .

Testosterone
(Ph. Eur. monograph 1373)

Action and use
Androgen.

Preparation
Testosterone Implants

PhE" _

DEFINITION
17P-Hydroxyandrost-4-en-3-one.

Content
98.0 per cent to 102.0 per cent (dried substance).

Flowrate 1.5 mUmin.

Detection Spectrophotometer at 242 run) and for impurity I)
at 290 urn.

Injection 20 ul, of the test solution and reference
solutions (a), (b) and (c).

identification of impurities Use the chromatogram supplied
with testosterane for system suitabi/iry A CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities C) G and K; use the

www.webofpharma.com
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chromatogram obtained with reference solution (b) to
identify the peak due to impurity I.
Relative retention With reference to testosterone (retention
time =about 4 min): impurity I = about 0.84;
impurity K = about 0.86j impurity G = about 1.1;
impurity C =about 1.3.

System su;tabl1iry Reference solution (a):
- peak-to-vaOey ratio: minimum 2.0, where Hp = height

above the baseline of the peak due to impurity G and
H, =height above the baseline of the lowest point of the
curve separating this peak from the peak due (0

testosterone.

Calculation of percentage contelllS:
- for impurity I, use the concentration of impurity I in

reference solution (b)j
- for impurities other than I, use the concentration of

testOMer6fle in refefsBee sakHia

Limits:
- impun'ty C: maximum 0.3 per cent;
- impurity I at 290 nm: maximum 0.2 per cent;
- impurity K: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 0.500 g by drying in
an ovenat lOS °C for 2 h.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injution 5 ~lL of the test solution and reference solution (d).

Calculate the percentage content of C19H2S0Z taking into
account the assigned content of test<Jscerone for ID and
assay CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities C, I, K.
Otherdetectable impurities (the following subsea",:.s would, if
present at a sufficientlevel, bedetected by oneor other of the tests
in the monograph. They areli'mited by thegeneral aueptatlCC
criterion for olherlunspedfied impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary Ie identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) A, B, E, G, H, J, L, M.

A. androst-4-ene-3,17-dione (androstenedione),

Tesrosterone II-II09

B. 3-ethoxyandrosta-3,S-dien-17-one (androstenedione
ethylenolether),

C. 17et:-hydroxyandrost-4-en-3-one (17-epi-testosterone),
o

~
CH" " 'H CH'

CH3 H

~ j
H H

a 4'

E. 3-oxoandrost-4-en-17Jl-yl acetate (testosterone acetate),

CH3
0

o~
G. androsta-JJ4-diene-3J 17-dione (androstadlenedione),

H. 17~-hydroxyandrosta-l,4-dien-3-one (boldenone),

I. 17J3-hydroxyandrosta-4,6-dien-3-one (fi6-testosterone),

J. 3-methoxyandrosta-3,5-dien-17-one (androstenedione
methylenolether),

K. 17~-hydroxyandrosta-4,8-dien-3-one,
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~
CH' ~HH

CH,I H

H

o "'"

L. 17Jl-hydroxyandrosta-4,9(l1)-dien-3-one,

M.17~-hydroxyandrosta-4,8(14)-dien-3-one.

Testosterone Decanoate
(Ph. Bur. monograph 1736)

CHO~

~
H', H ,' ... H ~CH'

H H

o "'"

442.7

Action and use
Androgen.

PhE" _

DEFINITION
3-0xoandrost-4-en-17Jl-yl decanoate,

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, verysoluble in acetone, in
methylene chloride and in anhydrous ethanol, freely soluble
in fatty oils.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison testosterone dewnoaze CRS.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size co
the principal peak in the chromatogram obtained with
reference solution (c).

TESTS
Appearance of solution
The solution is clear(2.2.1) and not more intenselycoloured
than reference solution BY. (2.2.2, MethodII).
Dissolve 0.20 g in 20 mL of methanol R.

Specific optical rotadon (2.2.7)
+ 75.0 to + 80.0 (dried substance).

2022

Dissolve 0.200 g in anhydrous ethanol R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phaseand dilute to 50.0 mL with
the mobile phase.

Reference solution (a) Dissolve the contents of a vial of
testosterone decanome for system suitability CRS (containing
impurities A, BJ C, D, E and F) in 1 mL of the mobile
phase.

Reference solution (b) Dilute 10.0 rnLof the test solution to
100.0 mL with the mobile pbase. Dilute 1.0 mL ofthis
solution to 20.0 mL with the mobile phase.

Reference solution (c) Dissolve 20.0 mg of testosterone
dl1fgNf?!l'tJ eRS in the-Hl9~' .
with the mobilephase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped oetadecy/silyl sitica gelfor

chromatography R (5 Ifil);
- temperature: 40°C.

Mobile phase waterR, acetonitn1e R (5:95 VIV).
FIuw rate 1.0 mUmin.

Detection Spectrophotometer at 240 nm.
Injection 20 Ill.of the test solution and reference
solutions (a) and (b).

Run time Twice the retention time of testosterone
decanoare.

Identification of impun·ties Use the chromatogram supplied
with testosterone decanoate for system suitability CRS and the
chromatogram obtainedwithreference solution (a) to
identify the peaks due to impurities A, 8, C, D, E and F.

Relative retention With reference to testosterone decanoate
(retention time =about 20 min): impurity A =about 0.2;
impurity B = about 0.6; impurities C and G = about 0.79;
impurity D = about 0.83; impurity E = about 1.3;
impurity F = about 1.7.

Systemsuitability Reference solution (a):
- resolution: minimum J.5 betweenthe peaksdue co

impurities C and D.
Limits:
- correction faaon: for the calculation of content, multiply

the peak area of impurity A by 0.7;
- impun'ties A, B, D, E, F: for each impurity, not more than

the area of the principal peak in the chromatogram
obtainedwith reference solution (b) (0.5 per cent);

- sumof impun'ties C and G: not more than the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- unspedfied imJ>U.n'ties: for each impurity, not more than
0.2 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limir. 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Free acid
Dissolve 0.65 g in 10 mL of ethanol (96 peremu R,
previously neutralised to bromothymol blue solution R3, and
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a

E. j-oxoandrost-d-en-I'Ijl-yl undecanoate (testosterone
undecanoate),

titrate immediatelywith 0.01 M sodium hydroxide, using
0.1 mL of bromothymol blue solution R3 as indicator.
Not more than 0.6 mL of 0.01 M sodium hydroxide is
required to change the colour of the indicator to blue.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at a pressure not exceeding 0.7 kPa.

ASSAY
Liquid chromatography (2.2.29) as described in the test fer
related substances with the following modification.
Injection 20)JL of the test solution and reference
solution (c).

Calculate the percentage content of C29H460J from the
declared content of testosterone decanoau CRS.

STORAGE

o

CH,

IMPURITIES
Specified impurities A, B, C, D, E, F, G.

. -oxoan rost- -eo­
laurate),

y ecanoa e es os erone

A. testosterone,

~
' CH3 ~~

CH
3

H 'H - ~CH
~ ~ 3

H H
a --'

G. 3-oxoandrost-4-en-17ct.-yl decanoate (epitestosterone
decancate).

_____________________ PhE"

Testosterone Enantate
(Ph. Bur. moncgraph 1048)

PhE" _

B. a-oxoandrost-t-en-I'[Swl octancate (testosterone
ocranoate),

a

CH,O~

~
H3! H! ····H ~CH,

H H
a A'

c. 3-oxoandrost-4-en-17f}-yl nonanoate (testosterone
nonanoate),

o

CH,o-z. _

~
H': H: ··H -~CH,

H H
a A'

400.6

Action and use
Androgen.

315-37-7

a

D. 3-oxoandrost-4-en-17Jl-yl undec-te-enoate (testosterone
undecylenate),

DEFINITION
j-Oxcnndrcst-d-en-I'Ib-yl heptanoate.

Content .
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white, crystalline powder.

Solubility
Practically insoluble in water, very soluble in anhydrous
ethanol, freely soluble in fatty oils.

IDENTIFICATION
Pim identification: B.
Second idenrification: A, C, D.
A. Melting point (2.2.14): 34 "C to 39 "C.
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B. Infrared absorption spectrophotometry (2.2.24).

Comparison teswsterone enantate CRS.

C. Thin-layer chromatography (2.2.27).

Solvent mixture methanol R, methylene chlon"de R (10:90 VIII).

Test solution Dissolve 5 mg of the substance to be examined
in the solvent mixture and dilute to 10 mL with the solvent
mixture.

Reference solution (aJ Dissolve 5 mg of testosterone
enantate CRS in the solvent mixture and dilute to 10 mL
withthe solvent mixture.
Reference solution (b) Dissolve 5 mg of testosterone
etlan/ate CRS, 5 mg of testosterone decanoate CRS and 5 mg of
testosterone isocaproate CRS in the solvent mixture and dilute
(0 10 mL with the solvent mixture.
Plate TLC oCiadecylsily1 silica gel F254 pla« R.

•
(20:40:60 VIVIII).

Applicau"on 5 1'1-.
Development Over 3/4 of the plate.

Drying In air, then at 100°C for 10 min; allow to cool.

Detection A Examine in ultraviolet light at 254 nm.
Results A The principal spot in [he chromatogram obtained
withthe test solutionis similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).
Detection B Spray with akoholj,; solution of sulfuric acidR;
heat at 120°C for 10 min; allow to cool and examine in
daylight.

Results B The principal spot in the chromatogram obtained
with the test solutionis greenand is similar in position and
size to the principal spot in the chromatogram obtained with
reference solution (a).
System smiabr7ity Reference solution (b):

- the chromatogram shows 3 clearly separated principal
spots byeach method of visualisation.

D. To about 25 mg add 2 mL of a 10 gIL solution of
potassium hydroxide R in methanol R and boil undera reflux
condenser for 1 h. Cool. Add 10 mL of waterR. Acidify with
dilute hydrochloric acidR until blue litmus paper R turns red.
Filterand wash the precipitate with a small quantity of
waterR. The residue} after drying at 60°C at a pressure not
exceeding 0.7 kPa for 3 h, melts (2.2.14) at 150"C to
153 "C.

TESTS
Specific optical rotation (2.2.7)
+ 81 to + 86 (dried substance).

Dissolve0.100 g in anhydrous ethanol R and dilute to
10.0 mL with the same solvent.

Impurity A
Maximum 0.16 per cent.

Dissolve 0.50 g in 10 mL of emanol (96 percenV R previously
neutralised to bromolhymol bluesolution R3. Titrate
immediately with 0.01 AI sodium hydroxide using0.1 mL of
bromothymol blue solution R3 as indicator. Not more than
0.6 mL of 0.011Wsodium hydroxide is required [0 change the
colourof the indicator to blue.

Impurity H
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.100 g of the substance to be
examined in 1.0 mL of emanol (96 percenV R.

2022

Reference solution Dissolve 3.0 mg of testosterone enantate
impun·lY H CRS in 20.0 mL of ethanol (96 percenV R.
Plate TLC silica gel plate R.
Mobile phase ethylaCelate R, cydohexane Rl (40:60 VIII).

Applicatwn 1 ~L.

Development Over 2/3 of the plate.
Drying In air.

Detection Spray with a 200 gILsolution of toluenesulfonic
acid R in emanol (96 percenV R and heat at 120 "C for
10 min; examine in ultraviolet lightat 366 run.

System suitability Reference solution:
- the chromatogram shows a clearly visible spot due to

impurityH.

Limit:
- jmpwizy H: any spot due to impurity H is not more

OORS &=fmR a mata
obtained with the reference solution (0.15 percent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobilephase.
Reference solution (a) Dissolve with the aid of ultrasound the
contents of a vialof testosterone enantate for system
suitability CRS (containing impurities F and G) in the mobile
phaseand dilute to 1.0 mL with the mobile phase.
Reference solution (b) Dilute 2.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution[0 20.0 mL with the mobile phase.
Reference solution (c) Dissolve 2 mg of testosterone enantate for
peak identification CRS (containing impurity E) in 1.0 mL of
the mobile phase.
Reference solution (d) Dissolve 2 mg of teslQsterone
caproate CRS (impurity B) and 2 mg of testosterone CRS
(impurity D) in the mobile phase and dilute to 5.0 mL with
the mobile phase. Dilute 1.0 mL of the solution to 100.0 mL
with the mobile phase.

Column:
- size: I;;;; 0.15 m, (2) = 4.6 mm;
- stationary phase: spherical end-capped dodecylsilyl silica gel

for chromalography R (4 urn).

Mobile phase waterR, acetonitrile R (30:70 VIII).

Flow rate 2.0 mUmin.
Detection Spectrophotometer at 242 am.
Injection 10 1'1-.
Run time 1.5 times the retention time of testosterone
enantate,

Idendficadon of impurities Use the chromatogram supplied
with teswsterone enantate for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities F and G; use the
chromatogram supplied with testosterone enantate for peak
identification CRS and me chromatogram obtained with
reference solution (c)'to identify the peak due to impurity E;
use the chromatogram obtained with reference solution (d) to
identify the peaks due to impurities Band D.
Relativeretention With reference to testosterone enantate
(retention time = about 22 min): impurity D = about0.1;
impurity B =about 0.7; impurity E =about 0.8;
impurity F =about 0.85; impurity G =about 0.9.
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System suitability Reference solution (a):
- resolution: minimum 1.3 between the peaks due to

impurities F and G.

Limits:
- correction factor: for the calculation of content, multiply the

peak area of impurity F by 6.3;
- impun"ty D: not more than 4 times the area of me

principal peak in the chromatogram obtained with
reference solution (b) (0.4 per cent);

_ impuriues E, F: for each impurity, not more than 3 times
the area of the principal peak in the chromatogram
obtained with reference solution (b) (0.3 per cent);

_ impun"ty B: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

_ impurity G: not more man 1.5 times the area of the
in the chromate am obtained with

re erenee so u on ,
_ unspecified impurities: for each impurity, not more than the

area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

_ totol: not more than 7 times the area of the principal peak
in me chromatogram obtained with reference solution (b)
(0.7 per cent);

- disregard limit: 0.5 times the area of me principal peak in
me chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at a pressure not exceeding 0.7 kPa.

ASSAY
Dissolve 50.0 mg in anhydrous ethanol R and dilute to
100.0 mL with the same solvent. Dilute 2.0 mL of the
solution to 100.0 mL with anhydrous ethanol R. Measure the
absorbance (2.2.25) at the absorption maximum at 241 run.

Calculate the content of C2Jf..003 taking the specific
absorbance to be 422.

STORAGE
Protected from light, at a temperature of 2 °C to 8°C.

IMPURITIES
Specified impurities A, B, DJ B, F, GJ H.

A. heptanoic acid,

°
CH'O~

~
H': H: --H CH,

H H
o .-7

Testosterone Isocaproate II-1113

E. 3-oxoandrost-4-en-17a-yl heptanoate (17cHesrosterone
enanrate),

o

CH,O-z. _

~
H': H: "H ~~CH,

H H
o .-7.-7

F. 3-oxoandrosta-4,6-dien-17p-yl heptanoate (116­
testosterone enantate),

o

CH,O-z. _

_ ~H,~-H - ~CH,

oJJ:J1~

G. 3-oxoandrosta-4,9(ll)-dien-17p-yl heptanoate (11.9(11)­
testosterone enantate),

o
1, 1 CH,

~
CH'O/ "'M;

"H
CHJ H

HJCfll ~ ~
11; .....0.. '

H

H. androst-S-ene-Sli, 17Jl-diyl diheptanoate.
____________________ PhE"

Testosterone Isocaproate
(Ph. Eur. monograph 1737)

B. 3-oxoandrost-4-en-17p-yl hexanoate (testosterone
caproate),

386.6

D. 17p-hydroxyandrost-4-en-3-one (testosterone),

Action and use
Androgen.

PhE" _

DEFINITION
3-0xoandrost-4-en-17Jl-yl 4-methylpentanoate.

Content
97.0 per cent to 102.0 per cent (dried substance).
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H-1114 Testosterone Isocaproate

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, verysoluble in acetone and in
methylene chloride, freely soluble in fatty oils.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison testosterone isocaproate CRS.

B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similarin retention time and size to

the principal peak in the chromatogram obtainedwith
reference solution (c).

TESTS

The solution is clear (2.2.1) and not more intensely coloured
than referencesolution BY6 (2.2.2) MethodI/).
Dissolve 0.20 g in 20 mL of methanol R.

Specific optical rotation (2.2.7)
+ 82.0 [Q + 88.0 (dried substance).

Dissolve 0.200 g in anhydrous ethanol R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in the mobilephase and dilute to 100.0 mL with
the mobile phase.
Reference solution (a) Dissolve 2 mg of testosterone isocaproate
for system suitability CRS (containing impurities A) B) C) D)
E, F and G) in 10 mL of the mobile phase.

Reference sohuion (b) Dilute 10.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 20.0 mL with the mobile phase.
Reference solution (c) Dissolve 20.0 mg of testosterone
isocaproa.. CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase.
Column:
- size: I::::: 0.25 m, 0 ::::: 4.6 mm;
- stationary phase: end-capped o,tadecy/si/yl silica gelfor

chromatography R (5 urn),
- temperature: 40°C.
Mobile phase waterR, acetonitrile R (15:85 VIV).
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 240 DID.

Injection 20 J.1L of the test solutionand reference
solutions (a) and (b).

Run time Twice the retention time of testosterone
isocaproate.
Identification of impun·tits Use the chromatogram supplied
with teJrosterone isocaproate for system suita1n1ity CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A) B) C) D) E) F and G.
Relativeretention With reference to testosterone isocaproate
(retention time = about 14 min): impurity A ::::: about 0.2;
impurity B = about 0.4; impurity C =about 0.5;
impurity D =about 0.7; impurity G =about 0.8;
impurity E = about 1.1; impurity F = about 1.4.

System suitabIlity Reference solution (a):
- peak-to-valley ratio: minimwn 2.5) where Hp = height

above the baseline of the peak due to impurity E and

2022

H; =heightabove the baseline of the lowestpoint of the
curve separating this peakfrom the peakdue to
testosterone isocaproate.

Limits:
- impurities A) B.. C) D) E.. F) G: for each impurity, not

morethan the area of the principal peakin the
chromatogram obtained withreference solution (b)
(0.5 per cent);

- unspecified impuruies: for each impurity) not more than
0.2 times the area of the principal peakin the
chromatogram obtained withreference solution (b)
(0.10 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtained withreference solution (b)
(1.0 per cent);

- disregard limit: 0.1 times the area of the principal peakin

(0.05 per cent).

Free acid
Dissolve 0.44 g in 10 mL of ethonof (96 per''''0 R,
previously neutralised to bromothymol blue solution R3) and
titrate immediately with 0.01 M sodium hydroxide) using
0.1 mL of bromothymol blue solution R3 as indicator.
Not more than 0.6 mL of 0.01 M sodium hydroxide is
required to change the colourof the indicator to blue.
Loss on drying (2.2.32)
Maximum 05 per cent) determined on 1.000 g by drying in
vacuo at a pressure not exceeding 0.7 kPa.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injeaion 20 J.lL of the test solution and reference
solution (c).

Calculate the percentage content of C25H3803 from the
declared content of testosterone isocapmate CRS.

IMPURITIES
Specified impuruies A) B) C.. D) E, F) G.

A. testosterone,

B. 3-oxoandrost-4-en-17p-yl acetate (testosterone acetate»

o

~
CH' ~1-CH'

CH3 H

~ ~
o ""

C. testosterone propionate)

www.webofpharma.com



2022 Testosterone Propionate II-IllS

D. g-oxoandrosr-a-en-I'Ifi-yl 2-mel:hyJpropanoate
(testosterone isobutyrate),

£f815
CH' O~

CH'~ H ~ CH,

o "'"

CHARACTERS
Appearance
White or almost white powderor colourless crystals.

Solubility
Practically insoluble in water, freely soluble in acetone and in
ethanol (96 per cent), soluble in ratty oils.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison lestoslmme propionate CRS.

TESTS
Specific optical rotation (2.2.7)
+ 84 to + 90 (dried substance).
Dissolve 0.250 g in e/hanol R and dilute to 25.0 mL with the
same solvent.

Related substances

PhEII _

qw a

Testsolution Dissolve 20.0 mg of the substance 10be
examined in methanol R and dilute 1050.0 mL with the same
solvent.
Reference solution (a) Dissolve 2 mg of testosterone propionate
for systemsuitability CRS (containing impurities A, B and C)
in 5.0 mL of me/hanol R.
Reference sdution (b) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with me/harwl R.
Reference solution (c) Dissolve 20.0 mg of testosterone
propionate CRS in 50.0 mL of methanol R.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn,
- stationary phase: ocradecylsilyl sili<a gelfor chromatography R

(5 urn).

Mobilephase waterR, me/hanoi R (20:80 VIV).

Flow rate 1.5 mUmin.
Dneaion Spectrophotometer at 254 run.

injection 20 J.lL of the test solution and reference
solutions (a) and (b).
Run time Twice the retention timeof testosterone
propionate.
Identification of impurities Use the chromatogram supplied
with testmterone propionate for system suitabl7ity CRS and the
chromatogram obtainedwilh reference solution (a) to
identify the peaksdue to impurities A) Band C.

Relativeretention Wilh reference to testosterone propionate
(retention time = about 8 min): impurity C = about 0.4;
impurity A = about 0.7; impurity B = about 1.4.

System suitability Reference solution (a):
- peak-w-valley ratio: minimum 3.0) where Hp =height

above the baseline of the peak due to impurity Band
H; = height abovethe baseline of the lowest point of the
curve separating this peakfrom the peak due to
testosterone propionate.

Limits:
- impun'(y A: not more than 5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

- impun'ty C: not more thantwice the area of the principal
peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

57-85-2

o

£f815
CH' O~CH'

CH3 H

H H

o "'"

344.5

Testosterone Propionate
(Ph. Eur. monograph 0297)

G. 3-oxoandrost-4-en-17a:-yl 4-methylpentanoate
(epitestosterone isocaproate).

F. testosterone enantate,

E. 3-oxoandrost-4-en-17Jl-yl hexanoate (testosterone
caproate),

o
CH, oJ( _

£f815H' , H, "H - ~CH,
H H

o "'"

DEFINITION
a-Oxoandrost-t-en-Uli-yl propanoate.

Content
97.5 per cent to 102.0 per cent (dried substance).

Action and use
Androgen.

Preparation
Testosterone Propionate Injection

____________________ PhEll
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11-1116 Tetracaine 2022

--~-- P1lE<J

E. 3-oxoandrosta-4...6-dien-17p-yl propanoate.

o

~
CH' O.~CH'

CH3 H

H H
o #..P

- total: not more than 7 times the area of the principal peak
in the chromatogram obtainedwith reference solution (b)
(0.7 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 05 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 2 h.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution and reference solution (c).
Calculate the percentage content of C22HJ203 taking into
account the assigned content of testosterone propionate CRS.

Specifiedimpurities A... C.
Otherdetectable impun',ies (thelollowing substan"" fI,ould, if
present at a sufficient level... be detected by oneor other of the tests
in themonograph. They are limited by the general acupumce
criterion for othetiunspecified impurities and/or by thegeneral
mouograph Substan""lor pharmaautical use (2034). It is
there/ore not necessary to identify these impun'ties for
demonstratiou 01compliance. See also5.10. Coutrol 01 impurities
in substances for pharmaceutical use) B, D. E.

Tetracaine
(Ph. Eur. monograph 2909)

CI5H,.,N,O,

Action and use
Local anaesthetic.

264.4

**** ** ** ****

94-24-6

o
oJ(

~
CH' __HCH'

CH3 H

H H
o ..P

A. 3-oxoandrost-4-en-17j3-yl acetate (testosterone acetate),

B. 3-oxoandrost-4-en-17~-yI2-methylpropanoate

(testosterone Isobutyrate),

C. 17j}-hydroxyandrost-4-en-3-one (testosterone),

D. 3-oxoandrosta-l,4-dien-17p-yl propanoere,

!'hE" _

DEFINITION
2-(Dimethylamino)ethyI4-(butyl,mino)benzoate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACfERS
Appearance
White or almostwhite, crystaUine powder.

Solubility
Very slightly soluble in water, freely solublein methylene
chloride, soluble in ethanol (96 per cent).

mp
About 44 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tetracaine CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

Dissolve 2.0 g in ethanol (96 percent) R and dilute to 10 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in acetonitrile R and dilute to 5000 mL with the
same solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with acetonitrile R. Dilute 1.0 mL of this solution
to 10.0 mL with acetonitrile R.
Reference solution (b) Dissolve 10 mg of 4-aminobenzoic
acidR (impurity A), 10 mg of 4-(butylamino)benzoic acidR
(impurity B) and 10 mg of methyl4-(buty/amino)benzoote R
(impurity C) in acetonitrile R and dilute to 50 mL with the
same solvent.Dilute 1 mL of the solution to 10 mL with the
test solution.
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2022 Tetracaine Hydrochloride II-Ill?

Column:
- size: 1= 0.15 m, 0 ;;;; 4.6 mm;
- stationary phase: end-capped oclad"ylsilyl amorphous

organosilica polymer for chromatography R (5 pm);
- temperature: 30 "C.

i.\t[obi/e phase:
- mobt7e phase A: dissolve 1.36 g of potassium dihydrogen

phosphate R in waterfor chromaUJgraphy R, add 0.5 mL of
phosphoric acid R and dilute to 1000 mL with waterfor
chromatography R;

- mob-ile phase B: acetonitrile Rj

A. 4-aminobenzoic acid,

B. 4-Cbutylamino)benzoic acid,

Time MobUe phase A MobUe phase B

(min) (per cent JIm (per cent JlIJI)

0-3 80 20

3 ~ 18 80 --> 40 20 --> 60

18 - 23 40 60

C. methyl 4-(butylamino)benzoate.
____________________ PhE<I

1""<1 _

**** ** ** *«e«

/36-47-0

, Hel

300.8

(ph. Eur. monograph 0057)

Tetracaine Hydrochloride

Action and use
Local anaesthetic.

Preparation
Tetracaine Eye Drops

DEFINITION
2-(Dimethylamino)ethyl4-(butylamino)benzoate
hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, slightly hygroscopic, crystalline
powder.

Solubility
Freely soluble in water, soluble in ethanol (96 per cent).

It melts at about 148°C or it may occur in either of 2 other
crystalline fonns which melt respectively at about 134°C and
139 °C. Mixtures of these forms melt within the range
134 °C to 147 °C.

IDENTIFICATION
First identification: A} B, D.

Second identification: B, C, D.
A. Infrared absorption spectrophotometry (2.2.2if).

Comparison tetracaine hydrochloride CRS.
B. To 10 mL of solution S (see Tests) add I mL of
ammonium thiocyanau solution R. A white, crystalline
precipitate is formed which, after recrystallisation from

F/mQ rate 1.5 mUmin.

Delation Spectrophotometer at 300 run.

Injection 5 ~L.

Identification of impuruies Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities A, B and C.
Relativeretention Witlt reference (Q tetracaine (retention
time > about 7 min): impurity A = about 0.4;
impurity B = about 1.6; impurity C = about 2.2.

System suitability Reference solution (b):
- resolution: minimum 5.0 between me peaks due to

tetracaine and impurity B.

Calculation of percencage contents:
- correction factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity B = 0.7; impurity C = 0.7;

- for each impurity, use the concentration of tetracaine in
reference solution (a).

Limits:
- impun·ties B, C: for each impurity, maximum

0.15 per cent;
- impurity A: maximum 0.05 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent,
- reporting threshold: 0.05 per cent, except for impurity A.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo at 30°C for 2 h.

Sulfated ash (2.4./if)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of a mixture of 25 volumes of
waterRand 75 volumes of ethanol (96 percent) R. Titrate
with 0.1 M hydroch1oric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0./ M hydrochloric acid is equivalent to 26.44 mg
of C15H24Nz02·

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C.
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11-1118 Tetracaine Hydrochloride

waterR and drying at 80°C for 2 h, melts (2.2.14) at about
131 "C.

C. To about 5 mg add 0.5 mL ofjltming nitric acidR.
Evaporate to dryness on a water-bath, aUow to cool and
dissolve the residue in 5 mL of acetone R. Add 1 mL of
0.1 M alcoholic potassium hydroxide. A violet colour develops.

D. Solution S gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free water R and dilute to
50 mL with the same solvent.

Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).

Dilute 2 mL of solution S to 10 mL with water R.

4.5 to 6.5.

Dilute I mL of solution S to 10 mL with carbon dioxide-free
waterR.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use or store themat 2-8 "C.

Solventmixture acetomttile R, waterR (20:80 VW).
Testsolution Dissolve 50 mg of the substance CO be
examined in the solvent mixture and dilute to 50 mL with
the solvent mixture.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve the contents of a vial of
tetracaine for system suitability CRS (containing impurities A, B
and C) in 2 mL of the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mrn;
- stationary phase: ocrade<y/silyl silica gelfor chromatography R

(5 pm);
- temperature: 30°C.

MoMe phase:
- mobile phaseA: dissolve 1.36 g of potassium dihydrogen

phosphate R in waterR, add 0.5 mL ofphosphoric acidR
and dilute to 1000 mL with waterR;

- mobile phaseB: aceumitr?le Rj

Time Mobile phase A Mobile phase B
(mln) (per cent YIJ.? (per cent Y/YJ
0-3 80 20

3 - 18 80 --J 40 20 --J 60
18 - 23 40 60

Flow rate 1.5 mUmin.

Detection Spectrophotometer at 300 om.

Injection 10 ~L.

Identification of impurities Use me chromatogram supplied
with tetracaine for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify me peaks due to impurities AJ Band C.

Relative retention With reference to tetracaine (retention
time == about 8 min): impurity A = about O.3j
impurity B =abour 1.7; impurity C =about 2.1.

Systemsuitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

tetracaine and impurity B.

2022

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B == 0.6j
impurity C = 0.7;

- impun'ty A: not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.05 per cent);

- impundes B, C: for each impurity, not more than the area
of the principal peak in the chromatogram obtained with
reference solution (a) (0.1 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
05

- uregar. milt: . tunes e area 0 e prmcip pea m
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.1">
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of ethanol (96 percen!! R and add
5.0 mL of 0.01 M hydro<h1oric acid. Carry out a
potentiometric titration (2.2. 2fJ), using 0./ M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.

1 mL of 0.1 M sodium hydroxide is equivalent to 30.08 mg of
ClsH2SC1N202'

STORAGE
In an airtight container, protected from light.

IMPURITffiS
Specified impurities A, B, C.

r"yCO'H
H,N~

A. 4-aminobenzoic acid,

B. 4-(butylantino)benzoic acid,

o

~OCH3
HC~NV

3 H

C. methyI4-(butylantino)benzoate.

----------- PhE"
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2022 Tetracosactide 11-1119

H- ser - Tyr~Se( - Met -Glu -His - Phe-Arg - Trp-Gly­

Lys-Pro-Val-Gly-lys-Lys-Arg-Arg-Pro-Val­

Lys-Val-Tyr-Pro-OH

Tetracosactide
(Ph. Eur. monograph 0644)

2933

Action and use
Corticotropic peptide.

Preparations
Tetracosactide Injection

Tetracosactide Zinc Injection

16960-16-0

Related peptides
Liquid chromatography (2.2.29): use the normalisation
procedure.

Test sdution Dissolve an accurately weighed quantity of the
substance to be examined in water R to obtain the same
concentration as in reference solution (a).

Reference solution (a) Dissolve the contents of a vial of
tetracosaaide CRS in waterR to obtain a concentration of
about J mglmL, as indicated in me leaflet provided with the
reference standard.

Reference solution (b) In order to prepare impurity A in situ,
dissolve 1.0 mg of the substance to be examined in 1 mL of
a 1 per cent VIV solution of gladal acetic add R, add 50 IlL
of a mixture of 1 volume of strong hydrogen peroxide sohstion R
and 999 volumes of waterR, and allow to stand for 2 h.

Column:

DEFINITION
Synthetic terracosapepride, in which the sequence of amino
acids is the same as that of the first 24 residues of hwnan
corticotropin. It increases the rate at which corticoid
hormones are secreted by the adrenal glands. It is available as
an acetate.

Content
90 per cent to 102 per cent (anhydrous and acetic acid-free
substance). By convention, 1 JAg of tetracosactide is
equivalent to 1 ill of retracosacdde.

CHARACTERS
Appearance
White or yellow) amorphous powder.

SoIublIlty
Sparingly soluble in water.

IDENTIFICATION
A. Examine the chromatograms obtained in the test for
related peptides.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with the
reference solution.

B. Amino acid analysis (2.2.56). For hydrolysis use Method 1
and for analysis use Method 1.

Express the content of each amino acid in moles. Calculate
the relative proportions of the amino acids, taking that of
valine to be equivalent to 3. The values fall within the
following limits: lysine 3.5 to 4.7; histidine 0.9 to 1.1;
arginine 2.7 to 3.3; serine 1.1 to 2.2; glutamic acid 0.9 to
1.1; proline 2.5 to 3.5; glycine 1.8 to 2.2; methionine 0.9 to
1.1; tyrosine 1.7 to 2.2; phenylalanine 0.9 to 1.1. Not more
than traces of other amino acids are present.

TESTS
Specific optical rotation (2.2.7)
-99 to -109 (anhydrous and acetic acid-free substance).

Dissolve 10.0 mg in 1.0 mL of a mixture of 1 volume of
glaa"al acetic acidRand 99 volumes of waterR.

Absorbance (2.2.25)
051 to 0.61 (anhydrous and acetic acid-free substance),
determined at the absorption maximwn between 240 nm and
280 nm, at 276 nm. The ratio of the absorbance at the
maximum at 276 nm to the absorbance at 248 nm is 2.4 to
2.9.

Dissolve 1.0 mg in 0.1 M hydrochlori< acidand dilute to
5.0 mL with the same acid.

- stationary phase: ocuuJecylsi/yl silica gelfor chromatography R
(3 urn);

- temperature: 25 °C.
Mobile phase:
- moMephase A: mix 5.0 mL of glacial acetic acidR, 60 mL

of acetonitrile Rand 5.0 g of ammonium sulfate Rand
dilute to 1000 mL with water R;

~ mobile phase B: mix 5.0 mL of glacial acetic acid R,
310 mL of acetonimle Rand 5.0 g of ammonium sulfate R
and dilute to 1000 mL with waterR;

- mobile phase C: acetonitrile R.

Time Mobile phase A Mobile phase B Mobile phase C
(mIn) (per cent YII') (per cent YII') (per cent YII')

0-50 55 --> 40 45 --> 60 0

50· 50.1 40 --> 0 60 --> 15 0-->85

50.1 - 55 0 15 85

55 - 55.1 o --> 55 l5 --> 45 85 --> 0

55.1 • 60 55 45 0

Flow rate 0.8 m1Jmin.

Detection Spectrophotometer at 275 om.

Injection 20 1'1-.
Identification of impunties Use the chromatogram supplied
with tesracosactide CRS and the chromatogram obtained with
reference solution (a) to identify the peak due to impurity B;
use the chromatogram obtained with reference solution (b) to
identify the peak due to impurity A.

Relativeretention With reference to tetracosactide (retention
time =about 26 min): impurity A = about 0.3;
impurity B = about 0.95.

SYStem suitability Reference solution (a):
- peak-to-valley ratio: minimum 3, where Hp =height above

the baseline of the peak due to impurity Band
H; =height above the baseline of the lowest point of the
cwve separating this peakfrom the peak due to
tetraccsactlde.

Limits:
- impun'ty A: maximum 3 per cent;
- impurityB: maximum 4 per cent;
- unspecified impuriues: for each impurity, maximum.

2.5 per cent;
- sum of impurities other than A: maximum 9 per cent.

Acetic acid (2.5.3<f)
8.0 per cent to 13.0 per cent.
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Test solution Dissolve 10.0 mg of the substance to be
examined in a mixture of 5 volwnes of mobile phase Band
95 volumes of mobile phase A and dilute to 10.0 mL with
the samemixture of mobile phases.
Water (2.5.32)
Maximum 14.0 per cent, determined on 20.0-50.0 mg.

Bacterial endotoxin. (2.6. 14)
Less than 10 IU/mg, if intended for use in the manufacture
of parenteral preparations without: a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related peptides.

Calculate the contentof CI3~21oN4003JS using the
declared content of tetracosaaide CRS.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.

Reference solutio" (a) Dissolve 5 mg of tetracycline
hydrochloride CRS in methanol R and dilute to 10 mL with the
samesolvent
Reference solution (b) Dissolve 5 mg of tetracydine
hydrochloride CRS, 5 mg of demedocydine hydrochloride Rand
5 mg of oxytetracycline hydrochloride R in methanol Rand
dilute to 10 mL with the same solvent.
Plate TLC oclade<ylsi(yl silica gelFm plate R.
Mobile phase Mix20 volumes of acetonitrile R, 20 volumes
of methanol Rand 60 volumes of a 63 gIL solution of oxalit,
acid R previously adjusted to pH 2 with concenmued

____________________ Ph,«

Ph'« _

Application I ~L.

Development Over 314 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 run.

System sUliability The chromatogram obtained with
reference solution (b) shows3 dearlyseparated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

B. To about 2 mg add 5 mL of m!furic acidR. A violet-red
colour develops. Add the solution to 2.5 mL of waterR.
The colour becomes yellow.
C. Dissolve about 10 mg in a mixture of 1 mL of dilute nitrk
acidRand 5 mL of waterR. Shake and add 1 mL of silver
nitrate solution R2. Any opalescence in the solution is not
moreintense than that in a mixture of 1 mL of dilute nitric
acid R, 5 mL of waterRand 1 mL of silvernitrate solution R2.

TESTS
pH (2.2.3)
3.5 to 6.0.
Suspend 0.1 g in 10 mL of carbon dioxide-free waterR.

Specific optical rotation (2.2.7)
-260 to -280 (dried substance).

Dissolve 0.250 ginO. I M hydrochloric acidand dilute to
50.0 mL with the same acid.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution Dissolve25.0 mg of the substance to be
examined in 0.01 M nydrochloric acidand dilute to 25.0 mL
with the sameacid.
Reference solution (a) Dissolve 25.0 mg of tetracydine
hydrochloride CRS in 0.01 M hydrochloric acid add dilute to
25.0 mL with the same acid.
Reference solution (b) Dissolve 12.5 mg of 4-epiteO'acych'ne
hydrochloride CRS in 0.01 M hydrochloric acidand dilute to
50.0 mL with the same acid.
Reference solution (c) Dissolve 10.0 mg of anhydrotetracydine
hydrochloride CRS in 0.01 M hydrochloric acidand dilute to
J00.0 mL with the sameacid.
Reference solurion (d) Dissolve 10.0 mg of
4-epianhydrotelracych'ne hydrochloride CRS in 0.01 M
hydrochloric acidand dilute to 50.0 mL with the same acid.

60-54-8

**** ** ** ****

444.4

Tetracycline
(ph. Bur. monograph 021I)

Action and use
Tetracycline antibacterial.

DEFINITION
(4S,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,10,12,12a­
pentahydroxy-6-methyl-l, ll-dioxo-l,4,4a,5,5a,6, II, 12a­
octahydrotetracene-2-earboxamide.
Substance produced by certain strains of Streptomyces
aero/adem or obtained by anyothermeans.
Content
88.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow) crystalline powder.

Solubility
Very slightly soluble in water, soluble in ethanol
(96 per cent) and in methanol, sparingly soluble in acetone.
It dissolves in diluteacid and alkaline solutions.

Protected from light,at a temperature of 2 °C to 8 "C.

LABELLING
The label states:
- the mass of peptidein the container;
- where applicable, that the substance is suitable foruse in

the manufacture of parenteral preparations.

IMPURITIES
Specified impurities A, B.

A. tetracosactide sulfoxide,
B. unknown structure.
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Reference solution (e) J\iix 1.0 mL of reference solution (a),
2.0 mL of reference solution (b) and 5.0 mL of reference
solution (d) and dilute to 25.0 mL with O.OJ M hydrochloric
acid.

Reference solution (f) Mix 40.0 mL of reference solution (b),
20.0 mL of reference solution (c) and 5.0 mL of reference
solution (d) and dilute to 200.0 mL with O. OJ M hydrochloric
acid.

Reference solution (g) Dilute 1.0 mL of referencesolution (c)
to 50.0 mL with O.OJ M hydrochlorU: acid.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: styrene~i'Vjnylbenzene copolymer R (8 urn);
- temperature: 60°C.

Mobilephase Weigh 80.0 g of 2-methyl-2-propanol Rand
transfer to a 1000 mL volumetric flask with the aid of

6ut:lon-o
dipotassium hydrogen phosphate R adjusted to pH 9.0 with
dilutephosphorU: acid R, 200 mL of a 10 gIL solution of
tetrabutylammonium hydrogen sulfate R adjusted to pH 9.0
with dilute sodium hydroxide solution R and 10 mL of a 40 gIL
solution of sodium edeuue R adjusted to pH 9.0 with dilute
sodium hydroxide solution R; dilute to 1000.0 mL with
water R.

Flow rate 1.0 mllmin.

Detection Spectrophotometer at 254 run.

Injection 20!JL; inject the test solution and reference
solutions (e), (I) and (g).

Systemsuitability:
- resolution: minimum 2.5 between the peaks due to

impurity A (I" peak) and tetracycline (2nd peak) and
minimum 8.0 between the peaksdue to tetracycline and
impurity D (3'" peak) in the chromatogram obtained with
reference solution (e); if necessary, adjust the
concentration of 2-methyl-2-propanol in the mobile
phase;

- signal-eo-noise ratio: minimum 3 for the principal peak in
the chromatogram obtained with reference solution (g)j

- symmetry factor: maximum 1.25 for the peak due to
tetracycline in the chromatogram obtained with reference
solution (e).

Limits:
- impuniyA: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (I) (5.0 per cent);

- impurityB (eluting on the tail of the ptincipal peak): not
more than0.4 times the area of the peakdue to
impurity A in the chromatogram obtained withreference
solution (I) (2.0 per cent);

- impun"ty C: not morethan the area of the corresponding
peak in the chromatogram obtained with reference
solution (I) (1.0 per cent);

- impuniy D: not more than the area of the corresponding
peakin the chromatogram obtained with reference
solution (I) (0.5 per cent).

Loss on dry1ng (2.2.32)
Maximum 13.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfuted ash (2.4. J4)
Maximum 0.5 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as desctibed in the test for
related substances with the following modification.

Tetracycline II-ll2l

Injection Test solution and reference solution (a).
Calculate the percentage content of C22H24N20a.

STORAGE
Protected from light.

L'tIPURITIES

A. (4R,4aS,5aS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a­
pemahydroxy-6-mel:hyl-l,11-dioxo-l ,4,43,5,5a,6, 11J12a-. . .

B. (4S,4aS,5aS,6S,12aS)-2-acetyl-4-(dimethylamino)­
3,6,10,12,12a-pentahydroxy-6-methyJ-4a,53,6,12a­
tetrahydrorerracene-I, II (4H,5H)-dione (2-acetyl-2­
decarbamoylterracycline),

C. (4S,4aS,12aS)-4-(dimethylamino)-3, 1O,11,12a­
tetrahydroxy-6-methyl-l, 12-dioxo-l,4,4a,5,12,12a­
hexahydrotetracene-2-carboxamide (anhydrotetracycline),

D. (4R,4aS,12aS)-4-(dimethylamino)-3,10,11,12a­
tetrahydrcxy-e-methyl-L,12-dioxo-1,4,4a,5,12,12a­
hexahydrotetracene-2-carboxamide
(4-epianbydrotetracycline).

-----~--- Phf"
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PhE" _

Tetracycline Hydrochloride B. To about 2 mg add 5 mL of sulfuric acid R. A violet-red
colour develops. Add me solution to 2.5 mL of water R.
The colour becomes yellow.
C. It gives reaction (a) of chlorides (2.3.1).

TESTS
pH (2.2.3)
1.8 to 2.8.
Dissolve 0.1 gin 10 mL of carbon dioxide-free waterR.

Specific optical rotation (2.2.7)
-240 to -255 (dried substance).

Dissolve 0.250 g in 0.1 M hydrochloric acidand dilute to
25.0 rnL with the same acid.

Related substances
Liquid chromatography (2.2.29). Prepare the solutums

Tesisolution Dissolve 25.0 mg of the substance to be
examined in 0.01 M hydrochlorU acid and dilute to 25.0 rnL
with the same acid.
Reference solution (a) Dissolve 25.0 mg of uuacydine
hydro<hloride CRS in 0.01 M hydro<hlori< acid and dilute to
25.0 mL with the same acid.
Reference solution (b) Dissolve 15.0 mg of 4-epiretracycli",
hydrachloride CRS in 0.01 M hydro<hlori< acidand dilute to
50.0 rnL with the same acid.
Reference solution (c) Dissolve 10.0 mg of anhydrotetracydine
hydro<hloride CRS in 0.01 M hydro<hlori< acidand dilute to
100.0 rnL with the same acid.
Reference solution (d) Dissolve 10.0 mg of
4-epianhydrotetracyeline hydro<hloride CRS in 0.01 M
hydrachlori< acid and dilute to 50.0 rnL with the same acid.

Reference soluti<m (e) Mix 1.0 rnL of reference solution (a),
2.0 mLof reference solution (b) and 5.0 mL of reference
solution (d) and dilute to 25.0 rnL with 0.01 M hydrochlori<
acid.
Reference solution (f) Mix 20.0 rnL of reference solution (b),
10.0 rnL of reference solution (c) and 5.0 rnL of reference
solution (d) and dilute to 200.0 rnL using 0.01 M hydrochloric
acid.
Reference solution (g) Dilute 1.0 mLofreference solution (c)
to 50.0 rnL with 0.01 M hydrochloric acid.

Column:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: sryrelle-divinylbellzelle copolymer R (8 pm):
- temperature: 60°C.
Mobr7e phase Weigh 80.0 g of 2-methyl-2-prvpallol Rand
transfer to a 1000 mL volwnetricflask with the aid of
200 rnL of waterR; add 100 mL of a 35 gIL solution of
dipotassium hydrogell phasphote R adjusted to pH 9.0 with
dilutephasphori< acid R, 200 mL of a 10 gIL solution of
teirobutylammonium hydrogen sulfate R adjusted to pH 9.0
with dilute sodium hydroxide solution R and 10 mL of a 40 gIL
solution of sodium edetate R adjusted to pH 9.0 with dilute
sodium hydroxide solution R; dilute to 1000.0 mL with
water R.
Flow rale 1.0 mUmin.
Detection Spectrophotometer at 254 nm.

Injection 20~ inject the test solution and reference
solutions (e), (I) and (g).

System ~'Uilahility;

- resolution: minimum. 2.5 between the peaks due to
impurity A (I" peak) and tetracycline (2"" peak) and
minimum 8.0 between the peaks due to tetracycline and

64-75-5480.9

Tetracycline Capsules

Tetracycline Tablets

(Ph. Eur. monograph 0210)

Action and use
Tetracycline antibacterial.

J!J!&(Jal'ati9

DEFINITION
(4S,4aS,5aS,6S,12aS)-4-(Dimethylamino)-3,6,1O,12,12a­
pentahydroxy-6-methyl-1 ,1 l-dioxo-l,4,4a,5,5a,6,1 1,12a­
oetahydrotetracene-2-earboxamide hydrochloride.
Substance produced by certain strains of Streptomyces
aero/adem or obtained by any other means.

Content
95.0 per cent to 102.0 per cent (driedsubstance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Solublein water, slightly soluble in ethanol (96 per cent),
practically insoluble in acetone. It dissolves in solutions of
alkali hydroxides and carbonates. Solutions in water become
turbid on standing, owing to me precipitation of tetracycline.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance to be examined
in methanol R and dilute to 10 mL with the same solvent.
Reference solutwn (a) Dissolve 5 mg of tetracycline
hydrochloride CRS in methanolR and dilute to 10 rnL with the
same solvent.
Reference solution (b) Dissolve 5 mg of tetracycline
hydrochloride CRS, 5 mg of demedocydine hydrochloride Rand
5 mg of oxytetracycline hydrochloride R in methanolRand
dilute to 10 mL with the same solvent.
Plate TLC oetodecylsilyl silica gelF", plate R.

iWobile phase J\.iix 20 volumesof acetonitrile RJ 20 volumes
of melhanol Rand 60 volumes of a 63 gIL solution of oxolic
addR previously adjusted to pH 2 with concentrated
ammonia R.
Application 1 ~L.

Development Over 3/4 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 run.
System suitabIlity The chromatogram obtained with
reference solution (b) shows 3 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal 'spot in the chromatogram obtained with reference
solution (a).
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10379-14-3288.8

(Ph. Bur. monograph 1738)

Action and use
Benzodiazepine; hypnotic.

C. (4S,4aS,12aS)-4-(dimethylamino)-3,10,11 ,12a­
tetrahydroxy-6-methyl-l, 12-dioxo-1,4,43]5, 12,12a­
hexahydrotetracene-2-carboxamide (anhydrotetracycline),

------- Ph",

D. (4R,4aS,12aS)-4-(dimethylamino)-3,10,11,12a­
tetrahydroxy-6-methyl-I, 12-dioxo-l ,4,4a, 5,12, 12a­
hexahydrotetracene-2-carboxamide
(4-epianhydrotetracycline).

Tetrazepam

impurity D (3rd peak) in the chromatogram obtained with
reference solution (e)i if necessary, adjust the
concentration of 2-methyl-2-propanol in the mobile
phase;

- signal-to-noise ratio: minimum 3 for the principal peak in
me chromatogram obtained with reference solution (g);

- symmetry feu/or. maximum 1.25 for the peak due to
tetracycline in me chromatogram obtained with reference
solution (e).

Limits:
- impun"ty A: not more than the area of the corresponding

peak in the chromatogram obtained with reference
solution (I) (3.0 per cent),

- impurity B (eluting on the tail of the principal peak): not
more than 0.5 times the area of the peak due to
impurity A in the chromatogram obtained with reference

- impun'ty C: not more than the area of me corresponding
peak in the chromatogram obtained with reference
solution (I) (0.5 per cent);

- impurity D: not more than the area of the corresponding
peak in the chromatogram obtained with reference
solution (I) (0.5 per cent). "

Loss on drying (2.2.32)
Maximum 2.0 per cent, determined on 1.000 g by drying in
VlUUO at 60°C at a pressure not exceeding 0.7 kPa for 3 h.

Sulfated ash (2.4.14)
Maximum 0.5 per cent, determined on 1.0 g.

Bacterial endotoxins (2.6.14)
Less than 0.5 m/m~ if intended for use in me manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of CZZH2sCJNZOS'

STORAGE
Protected from light. If the substance is sterile, store in a
sterile, tamper-evident container.

IMPURlTIES

A. (4R,4aS,5aS,6S,12aS)-4-(dimethylamino)-3,6,10,12,12a­
pentahydroxy-6-methyl-l,ll-dioxo-I,4,4a,5,5a,6, II ,12a­
octahydrotetracene-2-carboxamide (4-epitetracydine),

B. (4S,4aS,5aS,6S,12aS)-2-acetyl-4-(dimethylamino)­
3,6,IO,12,12a-pemahydroxy-6-melhyl-4a,5a,6,12a­
tetrahydroterracene-I,II (4H,5H)-dione (2-acetyl-2­
decarbamoyltetracycline),

DEFINITION
7-Chloro-5-(cyclohex-I-enyl)-I-methyl-1 ,3-dihydro-2H-I,4­
benzodiazepin-2-one.

Content
99.0 pee cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Light yellow or yellow crystalline powder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, soluble in acetonitrile.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of tetrazepam,

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solulion Dissolve 25.0 mg of the substance to be
examined in acetonitrile R and dilute to 25.0 mL with the
same solvent.
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IMPURITIES

A. 7-chloto-l-methyl-5-(3-oxocyclohex-I-enyl)-I ,3-dihydro­
2H-IA-benzodiazepin-2-one,

B. 7-chloro-5-cyclohexyl-I,3-dihydro-2H-I,4-benzodiazepin­
2-one,

c,
Tim, Moblle phase A MobUe phase B
(min) (per cent YIJI) (per cent V/l?

0-35 100 0

35 - 4O 100 ..... 55 0->45

40 - 50 55 .5

Reference solurion (a) Dissolve 5.0 mg of the substance to be
examined and 5.0 mg of tetrazepam impun"lY C CRS in
acetonitrile R and dilute to 10.0 mL with the same solvent.
Dilute 1.0 mL of the solution to 10.0 mL with acetonitrile R.
Reference solution (b) Dilute 1.0 mLof the test solution to
50.0 mL with acetonitrile R. Dilute 1.0 mL of this solution to
10.0 mL with acetonitrile R.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: oetadecylsi/yl silica gelfor chromatography R

(5~).

Mobile phase:
- mobile phaseA: mix 40 volumes of acetonitrile Rand

60 volumes of a 3.4 gIL solution of potassium dihydrogen
phosphore R;

Flow rare 1.5 mUmin.
Detection A spectrophotometer at 229 run.

Injection 20 JIL.
System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaksdue to

tetrazepam and to impurity C.

Limits:
- Qtiy ;mpun"ty: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(0.2 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit: 0.25 times the area of theprincipal peakin
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Chlorides (2.4.4)
Maximum 100 ppm.
Dissolve 0.750 g in 10 mL of methylene chloride R and add
15 mL of worer R. Shake and separate the 2 layers. Dilute
10 mLof the aqueous layer to 15 mLwith waterR.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 DC.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.230 g in 50.0 mL of anhydrous acetic acidR.
Titrate with 0./ M perchloric acid, determining the end-point
potentiometrically (2.2.20).
I mL of O. / M perchloric acid is equivalent to 28.88 mg of
C,oH17CIN,O.

STORAGE
Protected from light.

C. 7-cbloro-5-cyclohexyl-I-methyl-I,3-dihydro-2H-I ,4­
benzodiazepin-2-one,

D. 7-cbloro-5-(I-chlorocyclohexyl)-I-methyl-1,3-dihydro-2H­
1,4-benzodiazepin-2-one,

E. 7-cbloro-5-(cyclohex-I-enyl)-1 ,3-dihydro-2H-I,4­
benzodiazepin-2-one.

____________________ PO,<r
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Tetryzoline Hydrochloride
(Ph. Eur. monograph 21OJ)

()~...~)~U" and eneoucmer , HCI

**** ** ** ****

Temperature:

Column

Injection port

Detector

Time
(min)

.·8
8 - II

11 - 15

Temperature
(C)

I"
160 -+ 220

22.

22.
220

DEFINITION

PhE<l_~~~~~~~~~~~~~~~_

nap en y
IH-imidazole hydrochloride.

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Freelysoluble in water, in anhydrous ethanol and in ethanol
(96 per cent), practically insoluble in acetone.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison utryzoh'ne hydrochloride CRS.

B. Dissolve SO mg in 10 mL of waterR. The solution gives
reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MethodII).

Dissolve 1.0 g in walerR and dilute to 10 mL with the same
solvent.

Related substances
Gas chromatography (2.2.28).

Test so/mum Dissolve 1.0 g of the substance to be examined
in a mixture of 25 volumes of 1 M sodium hydroxide and
75 volumes of methanol R and dilute to 10 mL with the same
mixture of solvents.
Reference solution Dilute 1.0 mL of the test solution to
100.0 mL with a mixture of 25 volumes of 1 M sodium
hydroxide and 75 volumes of methanol R. Dilute 1.0 mL of
this solution to 10.0 mL with a mixture of25 volumes of
1 J\1 sodium hydroxide and 75 volumes of methanol R.
Column:
- material: fused silica,
- size: 1=25 m, (2) = 0.32 mm,
- stationary phase: methy/pofysiloxane R (I pm).

Carnergas helium for chromatography R.

Splirra'io 1:40.

Flow rate 2.5 mUmiu.

,mUs:
- impuniyA: not more than the area of the principal peak

in the chromatogram obtained with the reference solution
(0.1 per cent),

- any other impurity: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with the reference solution (0.1 per cent),

- total: not more than twice the area of the principal peak in
the chromatogram obtained with the reference solution
(0.2 per cent),

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtained with the reference solution
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g iu 100 mL of a mixture 00 volumes of
anhydrous acetic add Rand 7 volumes of aulic anhydride R.
Titratewith 0.1M perchlone add, determining theend-point
potentiometrically (2.2.2tl). Carry out a blank titration.

I mL of 0.1 M perchloric acid is equivalent to 23.67 mg
of CnH17CIN2 .

IMPURITIES
Specified impuniies A.

CO'.CN and eneouoner

Detection Flame ionisation.
Injection 1 ilL.
RekuifJe retention Withreference to tetryzoline (retention
time =about 12 miu): impurity A =about 0.5.

System suitabl1ity Reference solution:
- signal-to-noise ratio: minimum 50 for the rind aI eak.

A. (lRS)-1,2,3,4-tetrahydronaphthaiene-I-earbonitrile
(n-cyanotetraline}.

----_~ PhE"

522-48-5236.7

Action and use
Adrenocepror agonist; decongestant.
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PhE" ~ _

DEFINITION
1,3-Dimethyl-3,7-dihydro-IH-purine-2,6-dione.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Slightly soluble in water, sparingly soluble in ethanol
(96 per cent). It dissolves in solutions of alkali hydroxides, in
ammonia and in mineral acids.

Reference solution (OJ Dilute 1.0 mL of the test solution (0

100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution (0 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 10 mg of theobromine R in the
mobilephase, add 5 mLof the test solution and dilute to
100 mL with the mobile phase. Dilute 5 mL of this solution
to 50 mL with the mobile phase.

Column:
- size: / =0.25 m, 0 = 4 mm;
- slat;"nary phase: ocladecylsilyl silj,;a gelfor chromatography R

(7 pm).
"'lobile phase Mix7 volumes of acetonitrile for
chromatography Rand 93 volumesof a 1.36 gILsolution of
sodium acetate R containing 5.0 m1JL of glacial acetic acid R.

Flow rate 2.0 rnUmin.

Injection 20~.

Run time 3.5 times the retention time of theophyUine.
Relative retention With reference to theophylline (retention
time = about 6 min): impurity C =about O.3j
impurity B = about O.4j impurity D = about O.5j
impurity A = about 2.5.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

theobromine and theophylline.

Limits:
- impurities A, B, C, D: for each impurity, not more than

the area of the principal peakin the chromatogram
obtained with reference solution(a) (0.1 per cent);

- any other impun'ty: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
withreference solution (a) (0.1 per cent):

- lotal: not more than 5 times the area of the principal peak,
in the chromatogram obtained withreference solution (a)
(0.5 per cent);

_ disregard limic: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 100 mL of waw R, add 20 mL of 0.1 M
SIlver niuate and shake. Add I mL of bromothymd blue
sol",;"n Rl. Titrate with 0.1 M sodium hydroxide.
I mL of 0.1 M sodium hydroxide is equivalent to 18.02 mg of
C,HsN.0 2 •

LW'URITlES
Specified impuriiies A, B, C, D.
Otherdetectable impurities (thefollowing substances nxndd, if
present at a sufficient level, be deuaed by oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for otherhmspecified impurities and/or by thegeneral
monograph Subslances forpharmaceutical use (2034). 11 is
therefore not nuessary10 identify these impurities for
demonstration of ccmpliance. See also 5.10. Control of impurities
in substances for phannaceutical use) E, F.

58-55-9180.2

H,C, ~~
IJ->o N N,

CH,

Action and use
Non-selective phosphodiesterase inhibitor (xanthine);
treatment of reversible airways obstruction.

Preparation
Aminophylline Injection
Theophylline Prolonged-release Tablets

Theophylline

IDENTIFICATION
First identification: B, D.
Secondidentification: A, C, D, E.
A. Melting point (2.2.14): 270"C to 274 "C, determined
after drying at 100-105 "C.
B. Infrared absorption spectrophotometry (2.2.24).
Comparison Ph. Bur. reference spearum of theophyOine.

C. Heat 10 mg with 1.0 mL of a 360 gIL solution of
potassium hydroxide R in a water-bath at 90 °C for 3 min,
then add 1.0 mL of diazotised sulfanilic acidsolution R. A red
colour slowly develops. Carryout a blank test.
D. Loss on drying (see Tests).
E. It gives the reaction of xanthines (2.3.1).

TESTS
Solution S
Dissolve 0.5 g with heating in carbon dioxide-free waterR, cool
and dilute to 75 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method1l).

Acidity
To 50 mL of solution S add 0.1 mL of methylred solur;"n R.
The solution is red. Not more than 1.0 mL of 0.011\1 sodium
hydroxide is required to change the colour of the indicator to

yellow.

Related substances
Liquid chromatography (2.2.29).
Testsolution Dissolve 40.0 mg of the substance to be
examined in the mobilephase and dilute to 20.0 mL with
the mobile phase.

(Ph. Bur. monograph 0299)
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Action and use
Non-selective phosphodiesterase inhibitor (xanthine);
treatment of reversible airways obstruction.

A. 1,3,7-trimethyl-3,7-dihydro-IH-purine-2,6-dione
(caffeine),

B. 3-methyl-3,7-dihydco-lH-purine-2,6-dione,

Theophylline Hydrate
(Theophylline Monohydrate, Ph. Bur. monograph
0302)

198.2 5967-84-0

C. N-(6-amino-l,3-dimethyl-2,4-dioxo-l,2,3,4­
tetrahydropyrimidin-5-yl)fonnamide,

D. N-methyl-5-(methylamino)-IH-imidazole-4-carboxamide
(theophyllidine),

H,C, ~~ro-ON N
I H
CH,

E. 1,3-dimethyl-7,9-dihydro-IH-purine-2,6,8(3H)-trione,

F. 7-(2-hydroxyethyl)-I,3-dimethyl-3,7-dihydro-lH-purine­
2,6-dione (etofylline).

-------- P;E"

reparations
Aminophylline Injection
Theophylline Prolonged-release Tablets

PhE" _

DEFINITION
1,3-Dimethyl-3,7-<1ihydro-IH-purine-2,6-dione monohydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance),

CHARACTERS
Appearance
White or almost white, crystalline powder.
Solubility
Slightly soluble in water, sparingly soluble in ethanol
(96 per cent), It dissolves in solutions of alkali hydroxides, in
anunonia and in mineral acids.

IDENTIFICATION
First identification: B, D.
Second idemifiauion: A, C, D, E.

A. MeIring point (2.2.14): 270 'c to 274 -c,determined
after drying at 100-105 'C.

B.lnfrared absorption spectrophotometry (2.2.24).

Preparation Dry the substance to be examined at
100-105 "C before use.

Comparison Ph. Bur. reference spectrum of theophyiline.

C. Heat 10 mg with 1.0 mL of a 360 gIL solution of
potassium hydroxide R in a water-bath at 90°C for 3 min,
then add 1.0 mL of diazotised sulfanilic acidsolution R. A red
colour slowly develops. Carry out a blank test.
D. Water (see Tests).

E. It gives the reactionof xanthines (2.3. J).

TESTS
Solution S
Dissolve 0.5 g with heating in carbon dioxide-free water R, cool
and dilute to 75 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Merhod11).

Acidity
To 50 mL of solution S add 0.1 mL of methyl red sohuion R.
The solution is red. Not more than 1.0 mL of 0.01 M sodium
hydroxide is required to change the colour of the indicator to
yellow.
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Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 40.0 mg of the substance to be
examined in the mobilephase and dilute to 20.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL withthe mobilephase.
Reference solution (b) Dissolve J0 mg of theobromine R in the
mobilephase, add 5 mL of me test solution and dilute to
100 mL with the mobile phase. Dilute 5 mL of this solution
to 50 mL with the mobile phase.

Column:
- size: 1= 0.25 ill, 0 = 4 mm;
_ sl<llionary phase: octadecylsilyl silica gelfor chromatography R

Mobile phase Mix 7 volumes of acetomttile for
chromatography Rand 93 volumes of a 1.36 gIL solution of
sodium acetate R containing 5.0' mUL ofglacial acetic acidR.

F/Qw rate 2.0 mUmin.
Detection Spectrophotometer at 272 nm.

Injection 20 ~L.

Run time 3.5 times the retention time of l:heophylline.
Relative retention With reference to theophylline (retention
time =about 6 min): impurity C =about0.3;
impurity B :;;; about 0.4; impurity D :;;; about0.5;
impurity A = about 2.5.

System suir.abi/ity Reference solution (b):
_ resolution: minimum Z.O.between the peaks due to

theobromine and theophylline.

Limits:
_ impurities A, B, C, D: for each impurity, not more than

the area of the principal peak in the chromatogram
obtainedwith reference solution (a) (0.1 per cent);

- any other impun'ty: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent);

_ total: not more than5 times the area of me principal peak
in the chromatogram obtained withreference solution (a)
(0.5 per cent); .

_ disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwithreference solution (3)
(0.05 per cent).

water (2.5.12)
8.0 per cent to 9.5 per cent, determined on 0.20 g.

Sulfaled ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Dissolve 0.160 g in 100 mL of waterR, add 20 mL of 0.1 M
silver nitta" and shake. Add I mL of bromotltymol blue
solution Rl. Titrate with 0.1 M sodium hydroxide.
I mL of 0.1 M sodium hydroxide is equivalent 1018.02 mg of

C,HaN.02'

IMPURITIES
Spuified impurities A, B, C, D.
Orher detectable impurities {thefollowing substances would, if
present at a sufficient level, be detected by one or other of the tests
in themonograph. They arelimited by thegeneral aaepumce
cntetion for other/unspecified impurities and/or by thegeneral
monograph Substances for phannaceutical use (2034). It is
therefore not necessary to identify these impun'ties for

2022

demonstration of compliance. See also 5.10. Comrol of impurities
in substances for pharmaceutical use) E, F.

A. 1,3,7-trimethyl-3,7-dihydro-IH-purine-2,6-dione
(caffeine),

B. 3-methyl-3,7-dihydro-IH-pntine-2,6-dione,

C. N-(6-amino-I)3-dimemyl-2)4-dioxo-I,2,3,4­
tetrahydropyrimidin-5-yl)fonnamide,

D. N_methyl_5_(methylamino)_IH_imidazole-4_catboxamide
(theophyllidine),

o
H,C, ~~IJ- FO

o N N
I H
CH,

E. 1,3-dimethyl-7,9-dihydro-IH-pntine-2,6,8(3H)-trione,

F. 7-(2-hydroxyethyl)-1,3-dimethyl-3,7-dihydro-1H-purine­
2,6-dione (etofylline).

___________________ PhE"
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PhE" _

'00
100 ---> 250

2'0

1'0

2'0

Temperature
rC)

Time
(min)

Colunm

Injection port

Derecror

Detection Flame ionisation.
Injection I ~L.

Relativeretention With reference to thiamazole (retention
time = about 6.5 min): impurity A = about 0.3;
impurity B =about 0.4; impurity C =about 0.7.

Systemsuitability Reference solution (b):
- resolution: minimum 1.5 between the peaksdue to

impurity A and impurity B. i
Limits:
- impumies A, B, C: for each impurity, not more than the

area of the corresponding peakin the chromatogram
obtainedwith reference solution (b) (0.1 per cent),

- atry other impun"ty: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.1 per cent),

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent),

- disregard limit: 0.2 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.02 per cent).

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with chlorofonn R. Dilute 1.0 mL of this solution
to 10.0 mL with chlorofonn R.

Reference sohuion (b) Dissolve 5.0 mg of lhiamazole
impurity A CRS, 5.0 mg of I-methylimidazokRl and 5.0 mg
of thiamazole ;mpun"cy C CRS in chloroform R and dilute to
50.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 10.0 mL with chlorofonn R.
Column:
- material: fused silica,
- size: 1= 30.0 m, 0 = 0.25 mm,
- stationary phase: base-deactivated phenyl(5)methyl(95)

polys~OX(lne R (film thickness 0.5 um),

Carrier gas helium for chromaJography R.
Flow rate 1.5 mUmin.

Split ratio 3:20.

Temperature:

Results The principal spot in the chromatogram obtained
with the test solutionis similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

TESTS
Solution S
Dissolve 2.0 g in waterR and dilute to 20.0 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution B6 (2.2.2, Method If).

Related substances
Gas chromatography (2.2.28).

Test soltuion Dissolve 0.100 g of the substance to be
examinedin chlorotorm R and dilute to 10.0 mL with the
saHI:; £9

60-56-0114.2

(Ph. Ellr. monograph 1706)

Action and use
Thionamide antithyroid.

on ent
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or pale brown, crystalline powder.

Solubility
Freelysoluble in water, freely soluble in methylene chloride,
freely soluble or soluble in ethanol (96 per cent).

IDENTIFICATION
First identification: A, C.
Secondidentification: A, B, D.

A. Melting point (2.2.14): 143 -c to 146 'C.

B. Dissolve 25 mg in 10' mL of a 0.28 per cent VIV solution
of sulfuric acidR and dilute to 50.0 mL with the same
solution. Dilute 1.0 mL of this solution to 100.0 mL witha
0.28 per cent VIV solution of sulfunc acid R. Examined
between 200 nm and 300 nm (2.2.25), the solution shows
2 absorption maxima, at 21J nm and 251 nm. The ratioof
the absorbance measured at the absorption maximum at
251 om to that measured at the absorption maximum at
211 nm is 2.5 to 2.7.

C. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.

Comparison thiamazole CRS.

D. Thin-layer chromatography (2.2.27).

Tl!St solution Dissolve 5.0 mg of the substance to be
examined in methanol R and dilute [0 5.0 mL with the same
solvent.
Reference solution (a) Dissolve 5.0 mg of thiamazole CRS in
methanol R and dilute to 5.0 mL withthe same solvent.
Reference solution (b) Dissolve 5.0 mg of 2-methylimidazok R
in methanol R and dilute to 5.0 mLwith the same solvent.
Dilute 1.0 mL of this solution to 2.0 mL with the test
solution.
Plate TLC silica gelFZ54 plateR.

lvlobl1e phase concentrated ammonia RJ, 2-propanol R,
toluene R (1:24:75 VIVIV).

Application 10 ~L.

Development Over 213 of the plate.

Drying 10 air.

Detection Examine in ultraviolet light at 254 am.
System suitabIlity Reference solution (b):

- expose the plate to iodine vapour for 30 mini the
chromatogram shows 2 clearly separated spots.

DEFINITION
I-Methyl-l,3-dihydro-2H-imidazole-2-thione.

Thiamazole

www.webofpharma.com
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Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 DC for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 75 rnL of waw R. Add 15.0 rnL of
O. / M sodium hydroxide, mix and add with stirring, about
30 mL of 0.1 M silvernitrate. Continue the titration with
O. I M sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

I rnL of O. I M sodium hydroxide is equivalent to 11.42 mg
ofC.H.N,S.

IMPURITIES
ABC.

CHARACTERS
Appearance
White or almostwhite, crystalline powderor colourless
crystals.

Solubility
Freely soluble in water, soluble in glycerol, slightly soluble in
ethanol (96 per cent), practically insoluble in heptane.

IDENTIFICATION
First identification: A, C.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ,hiam"/e hydrochloride CRS.

If the spectra obtained show differences, dissolve the
substance to be examinedand the reference substance

in wate R eva orateto d ness and record new

____________________ PhEor

C. l-methyl-2-(methylsulfanyl)-IH-imidazole.

spectra using e rest ues. -

B. Dissolve about 20 mg in 10 mL of water R, add 1 mL of
dihue auricacidRand 1.6 mL of I M sodium hydroxide, heat
on a water-bath for 30 min and allow to cool. Add 5 mL of
dilute sodium hydroxide solution R, 10 mL of potassium
fenicyanide ,oIUlian R and 10 rnL of bUlanoi R and shake
vigorously for2 min. The upper alcoholic layer showsan
intense light-blue fluorescence, especially in ultraviolet light
at 365 run. Repeat the test using 0.9 mL of 1 M sodium
hydroxitk and 0.1 g of anhydrous wdium sulfite R instead of
1.6 mL of I M sodium hydroxide. Practically no fluorescence
is seen.
C. It gives reaction (a) of chlorides (2.3. I).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waw R and dilute to
25 mLwith the same solvent.

Appearance of solution
The solutionis clear(2.2.1) and not more intensely coloured
than reference solution Y, or GY, (2.2.2, Method If).

Dilute 2.5 rnL of solution S to 5 rnL with waW R.

pH (2.2.3)
2.7 to 3.3.

Dilute 2.5 mL of solution S to 10 mL with waW R.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.35 g of the substance to be
examined in 15.0 rnL of a 5 per cent VIV solution of glacial
acetic acidR and dilute to 100.0 mL with water R.
Reference solution (aJ Dissolve the contents of a vial of
thiamine for system suitability CRS (containing impurities A, B
and C) in 1 mL of a 0.75 per cent VIV solution ofglacial
acetic acidR.
Reference solution (b) Dilute 1.0 rnL of the test solution to
100.0 mL with wa/e' R. Dilute 1.0 mL of this solution to
10.0 mL with waW R.
Column:
- size: / == 0.25 m, (2) == 4.0 mm;
- stationary phase: end-capped a<tadecylsilyl silica gelfor

chromarography R (5 pm),
- _perature: 45 'C.

Mobile phase:
- mab,le phase A: 3.764 gIL solution of sodium

hexonesulfonate R adjusted to pH 3.1 with phospharic
acidRj

- mobile phase B: methanal RI;

67-03-8

cr . Hel

337.3C12H18CI,N.OS

Action and use
Vitamin B1•

Preparations
ThiamineInjection
Thiamine Tablets

Vitamins B and C Injection

A. 2,2-d.imethoxy-N-methylethanamine,

(Ph. Eur. monograph 0303)

Thiamine Hydrochloride

PhEor _

B. l-methyl-lH-imidazole,

DEFINITION
3-[(4-Amino-2-methylpyrimidin-5-yl)methyI1-5-(2­
hydroxyethyl)-4-methyl-1,3-thiazol-3-ium chloride
hydrochloride.

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

www.webofpharma.com
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E. 3-[(4-amino-2-methylpyrimidin-5-yl)methyl)-5-(2­
hydroxyethyl)-4-methyl-l,3-thiazol-2(3lI) -thione
(thioxothiarnlne),

D.3-[(4-amino-2-methylpyrimidin-5-yl)methylj-5-(2_
h ydroxyethyl) -4-methyl-1 ,3 -thiazol-2(3lI)-one
(oxothlamine),

C.3-[(4-amino-2-methylpyrimidin-5-yl)methyl)-5_(2_
chloroethyl)-4-methyl-l,3-thiazol-3-ium (chlorothiamine),

A. 2-[3-[(4-amino-2-methylpyrimidin-5-yl)methyl)-4-methyl_
1,3-thiazol-3-ium-5-yl)ethyl sulfate (thiamine sulfate
ester),

B. 3-[(4-aminopyrimidin-5-yl)methyl)-5-(2-hydroxyethyl)_4_
methyl-I,3-thiazol-3-ium (desrnethylthiarnine),

F. 3-[(4-amino-2-ethylpyrimidin-5-yl)methyl)-5-(2­
hydroxyethyl)-4-methyl-l,3-thiazol-3-ium (ethylthiamine),

G.5-[2-(acetyloxy)ethyl)-3-[(4-amino-2-methylpyrimidin_5_
yl)methylj-4-methyl-l,3-thiazol-3-ium (acetyl thiamine),

H. (3RS)-3-[[[(4-amino-2-methylpyrimidin-5-yl)methyl)
thiocarbamoyl]sulfanylj-4-oxopentyl acetate
(ketodithiocarbamate).

10

10 ..... 30

30 --> 50

50

Mobile phase B
{per cent V/l?

90
90 --> 70

70 ..... 50

50

Mobile phase A
(percent Y/J1

0-'
2 - 27

27 - 35

35 - 42

TUnc
(min)

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 248 run.
Injection 25!!L.

Identification of impurities Use the chromatogram supplied
with thiamine for system suitabl1ity CRS and the chromatogram
obtained with reference solution (a) (0 identify the peaks due
to impurities A, Band C.

Relativeretention Withreference to thiamine (retention
time = about 30 min): impurity A = about 0.3;
IftlJ)tll'lty B ;;;; ab0ut-t};-9;impurity""€-=-abuu
System suitability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurity B and thiamine; minimum 2.0 between the
peaks due to thiamineand impurity C.

Cokukuion of percentage contents:
- for each impurity, use the concentration of thiamine

hydrochloride in reference solution (b).
Limits:
- impurity B: maximum 0.3 per cent;
- impun"ues A} C: for each impurity} maximum

0.15 per cent;
- unspecified impurities: for each impurity} maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reponing threshold: 0.05 per cent.

Sulfates (2.4.13)
Maximum 300 ppm.

Dilute 5 mL of solution S to 15 mL with distilled waterR.

Water (2.5.11)
Maximum 5.0 per cent, determined on 0.400 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY

Dissolve 0.110 g in 5 mL of anhydrousfannie acidR and add
50 mL of acetic anhydride R. Titrate immediately with 0.1 M
perch/om acid) determining the end-point potentiometrically
(2.2.20) and carrying out the titration within 2 min. Carry
out a blanktitration.

I mL of o. I M perchlotic acid is equivalent to 16.86 mg of
C 12H1SCI,N,OS.

STORAGE
In a non-metallic container) protected from light.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impurities (the following substances would, if
present at a sufficient level) be detected by oneor other of the rests
in the monograph. They are limited by thegeneral acceptance
cruetion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). II is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) D) E) F) G) H.

------------- PhE<I
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PhElI _

and C) in 1 mL of a 0.75 per cent VIVsolution ofglacial
acetic acidR.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with water R. Dilute 1.0 mL of this solution to
10.0 mL with waterR.

Column:
- size: 1= 0.25 IDJ 0 = 4.0 rom;
- stationary phase: end-capped oaadecylsi/yl silica gelfor

chromawgraphy R (5 urn);
- temperature: 45 'c.
Mobile phase:
- mobik phaseA: 3.764 gIL solution of sodium

hexanesulfonate R adjusted to pH 3.1 with phosphoric
acid R;

- mobil< phaseB: methanol Rl;

512-43-4

NO;

327.4

Action and use
Vitamin HI'

(Ph. Eur. monograph 0531)

Thiamine Nitrate

3-[(4-Amino~2-metIi.ylpyrimidin-5-yl)methyI1-5-(2­

hydroxyethyl)-4-methyl-l ,3-thiazol-3-ium nitrate.

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white,crystalline powder or small, colourless
crystals.

Solubility
Sparingly solublein water, freely soluble in boilingwater,
slightly soluble in ethanol (96 per cent), practically insoluble
in heptane.

IDENI1FICATION
First identification: A, C.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison thiamine nitrate CRS.
B. Dissolve about 20 mg in 10 rnL of waterR, add I mL of
dilute acetic acidRand 1.6 mL of 1 M'sodium hydroxide, heat
on a water-hath for 30 min and allow to cool. Add 5 mL of
dilute sodium hydroxide soilition R, 10 mL of potassium
fenicyanide solu,;"n Rand 10 mL of butanolR and shake
vigorously for 2 min. The upperalcoholic layer shows an
intense light-blue fluorescence, especially in ultraviolet light
at 365 nm. Repeat the test using 0.9 mL of 1 M sodium
hydroxide and 0.2 g of sodium sulfite heptahydrate R instead of
1.6 mL of 1 M sodium hydroxide. Practically no fluorescence
is produced.
C. About 5 mg gives the reaction of nitrates (2.3.1).

TESTS
Solution S
Dissolve t.O g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, J.l1.ethod II).

pH (2.2.1)
6.8 to 7.6 for solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.35 g of the substance to be
examined in 15.0 mL of a 5 per cent VIVsolution of glacial
acetic acid R and dilute to 100.0 mL with waterR.
Reference solution (a) Dissolve the contentsof a vial of
thiamine for system suitability CRS (containing impurities A, B

Time Mo e p ese 0 e pase
(min) (percent Vm (per cent PlY)

0-2 90 10

2 - 27 90 -+ 70 10 ...... 30

27·35 70 ...... 50 30 ...... 50

35 - 42 50 50

Flowrate 1.0 mllmin.

Detection Spectrophotometer at 248 nm.

Injection 25 ~L.

Identification of impurities Use the chromatogram supplied
with thiamine for system suitability CRS and the chromatogram
obtainedwithreference solution (a) to identify the peaksdue
to impurities A, Band C.
Relativeretention With reference to thiamine (retention
time ;:: about 30 min): impurity A ;:: about 0.3;
impuriry B =about 0.9; impuriry C =about 1.2.
Systemsuirability Reference solution (a):
- resolution: minimum 3.0 between the peaks due to

impurity B and thiamine; minimum 2.0 between the
peaksdue to thiamine and impurity C.

Calculation 0/percenrage contents:
- foreach impurity, use the concentration of thiamine

nitrate in reference solution (b).

Limits:
- impurity B: maximum 0.6 per cent;
- impurity C: maximum 0.4 per cent;
- impuri/;y A: maximum 0.15 per cent;
- unspedfied impun'ties: for each impurity, maximum

0.10 per cent;
- rotal: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent; disregard the peakdue [0

the nitrate ion at the beginning of the chromatogram.

Los. on drying (1.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven ar 105 <>C.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.140 g in 5 rnL of anhydrousfonnic acidR and add
50 mL of acetic anhydride R. Titrate immediately with 0./ M
perchlorit add, determining the end-point potentiometrically
(2.2.21J) and carrying out the titration within 2 min. Carry
out a blank titration.
1.0 mL of 0.1 M perchlotic acid is equivalent to 16.37 rng of
CI2H17NsO"S.
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STORAGE

In a non-metallic container, protected from light.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impurities {thejollcwing substances would, if
present at a sufficient level, be detected by DIU or otherof the tests
in the monograph. They are limitedby the general acceptance
cruetion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). I. is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impun"ties
in substances forpharmaceutical use) D, E, F, G, H.

Thiamphenicol 11-1133

G.5-[2-(acetyloxy)ethylj-3-[(4-amino-2-methylpYrimidin_5_
yl)methylj-4-methyl-I,3-thiazol-3-iwn (acetylthiamine),

H,cyO~SYJ;SNyCH'
o o~ 'H HN I AN

CH,
andenantiomer NH2

H. (3RSj-3-[[[(4-amino-2-methylpyrimidin-5-yl)methyl]
thiocarbamoyljsulfanylj-4-oxopentyl acetate
(ketodithiocarbamate).

PhE"

A. 2-[3-[(4-amino-2-methylpyrimidin-5-yl)methylj-4-methyl­
1,3-thiawl-3-iwn-5-yljethyl sulfate (thiamine sulfate
ester),

B. 3-[(4-aminopyrimidin-5-yl)methylj-5-(2-hydroxyethyl)-4_
methyl-I,3-thiazol-3-iwn (desmethylthiamine),

Thiamphenicol
(ph. Bur. monograph 0109)

o 0
OH \\ II

o <,H (yS'CH,

c'0~
CI ~ H:OH

356.2

Action and use
Antibacterial.

15318-45-3

C.3-[(4-amino-2-methylpyrimidin-5-yl)methylj-5-(2­
chloroethyl)-4-methyl-I,3-thiazol-3-iwn (chlorothiamine),

D.3-[(4-amino-2-methylpyrimidin-5-yl)methylj-5-(2­
hydroxyethyl)-4-methyl-I ,3-thiazol-2(3H)-one
(oxothiarnine),

E. 3-[(4-amino-2-methylpyrimidin-5-yl)methylj-5-(2­
hydroxyethyl)-4-methyl-I ,3-thiazol-2(3H)-thione
(thioxothiamine),

F. 3-[(4-amino-2-ethylpyrimidin-5-yl)methylj-5-(2­
hydroxyethyl)-4-methyl-I,3-thiazol-3-iwn (ethylthiarnine),

PhE" _

DEFINITION
2,2-Dichloro-N-[(IR,2R)-2-hydroxy-I-(hydroxymethyl)-2_[4_
(methylsulfonyl)phenyljethyl]acetamide.

Content
98.0 per cent to 100.5 per cent (dried.substance).

CHARACTERS
Appearance
Fine, white or yellowish-white, crystalline powder or crystals.
Solubility
Slightly soluble in water, very soluble in dimethyJacetamide,
freely soluble in acetonitrile and in dimethylfonnamide,
soluble in methanol, sparingly soluble in acetone and in
anhydrous ethanol, slightly soluble in ethyl acetate.

A solution in anhydrous ethanol is dextrorotatory and a
solution in dimethyIfonnamide is laevorotarory.

IDENTIFICAtiON
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dry the substance to be examined and the
reference substance at 100-105 °C for 2 h; examine as discs
of potassium bromide R.
Comparison .hiampheniccl CRS.

B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.1 g of the substance to be examined
in methanol R and dilute to 10 mL with the samesolvent.
Reference sohuion Dissolve 0.1 g of .hiampheuicol CRS in
melhanol R and dilute to 10 mL with the same solvent.
Plate silica gelGFZ54 R as the coating substance.
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Thiocolchicoside Crystallised from
Ethanol

PIlE", _

DEFINITION
N-[(7S, 12aR,)-3-(P-D-Glucopyranosyloxy)-1,2-dimethoxy-10­
(methylsulfanyl)-9-oxo-5,6,7,9-tetrabydrobenzo[aIheptalen-7­
yl]acetamide.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).
It contains a variable quantity of ethanol.

CHARACTERS
Appearance
Yellow crystalline powder, hygroscopic.

Solubility
Sparingly soluble in water, practically insoluble in acetone
and in ethanol (96 per cent).

mp
About 208 'C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison thiocolchicoside crystallised from ethanol CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.100 g in methanol R and dilute to 10 mL with the
same solvent.

Specific optical rotation (2.2.7) (
-600 to -570 (atthydrous substance).
Dissolve 0.500 g in waterR and dilute to 100.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Cany out the test protected
from ligh'
Test solution (aJ Dissolve 20.0 mg of the substance to be
examined in methanol R and dilute to 20.0 mL with the same

solvent.
Test solmum (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methanol R.

Mobile phase methanol R, ethylacelate R (3:97 VIV).

Application 5 ilL.
Development Over a path of 10 em.

Drying In air.
Detection Examine in ultraviolet light at 254 am.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
spot in the chromatogram obtained with me reference
solution.
C. To 50-lOg in a porcelain crucible add 0.5 g of anhydrous
sodium carbonate R. Heat over an open flame for 10 min.
Allow to cool. Take up the residue with 5 mL of dl1ute niuic
acid R and filter. To I mL of the filtrate add I mL of
water R. The solution gives reaction (a) of chlorides (23. t).

Acidity or alkallnlty
Shake 0.1 g with 20 mL of carbon dioxide-free water Rand
add 0.1 mL of bromolhymol blue solution RI. Not more than
0.1 mL of 0.02 M hydrochloric acidor 0.02 M sodium
hydroxide is required to change me colour of the indicator.

Specific optical rotation (2.2.7)
-24 to -21 (dried substance).
Dissolve 1.25 g in dimethylfonnamide R and dilute to 25.0 mL
with the same solvent.

Melting point (2.2.14)
163 'C to 167 'C.

Absorbance (2.2.25)
Testsolution (a) Dissolve 20 mg in wocer R, heating to
about 40 DC, and dilute to "100.0 rnL with the same solvent.

Testsolution (b) Dilute 2.5 mL of 'est solution (a) to
50.0 mLwith water R.
Specrral range 240-300 om for test solution (a); 200-240 om
for test solution (b).
Absorption maxima At 266 run and 273 runfor test
solution (a); at 224 nm for test solution (b).

Specific absorbauces at the absorption maxima:
- at 266 run: 25 to 28 for test solution (a);
- at 273 om: 21.5 to 23.5 for test solution (a);
- at 224 om: 370 to 400 for test solution (b).

Cblorides (2.4.4)
Maximum 200 ppm.
Shake 0.5 g with 30 mL of water R for 5 min and filter,

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 DC.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 2.0 g.

ASSAY
Dissolve 0.300 g in 30 mL of ethanol (96 per cenV R, add
20 mL of a 500 gIL solution of potassium hydro:cide R, mix
and heat under a reflux condenser for4 h. Cool, add
100 mL of water R, neutralise withdiluu nitric acidRand
add 5 mL of the same acid in excess. Titratewith 0.1 .Ai
silvernitrate, determining me end-point potentiometrically
(2.2.20). Carry out a blank test.
l mL of 0.1 lH $l7ver nitrate is equivalent to 17.81 mg
of C1zH"ClzNO,S.

STORAGE
In an airtight container, protected from light.
___________________ PIlE",

(Ph. Eur: monograph 2896)

HOb00OH
HO OH H3CO

H3CO

C27HJJNOtoS,xC2H60

Anhydrous thiocolchicoside

Action and use
Musclerelaxant.

X~H50H

o

563.6 (ethanol-free substance)

602-41-5
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Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with methanol R. Dilute 2.0 mL of this solution £0

10.0 mL with methanol R.

Reference solution (b) Dissolve 5 rng of thiocolchicoside for
systemsuitabilityCRS (containing impurities D, E, G, H, K
and L) in methanol R and dilute to 5 mL with the same
solvent.

Reference solution (c) Dissolve 20.0 mg of thiocolchicoside
hydrateCRS in methanol R and dilute to 20.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
methanol R.

Column:
- size: I;;;; 0.10 m, 0 = 2.1 mm;
- stationary phase: end-capped ethylene-bridged phenylsilyl silica

gelfor chromatography (hybrid material) R (1.1 urn};
- temperature: 25°C.

- unspecified impurities: for each impurity, maximum
0.10 per cent;

- touil: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due to

impurity L.

Ethanol (2.4.24)
Maximum 1.5 per cent.

Water (2.5.12)
Maximum 2.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution (b) and reference solution (c).

- mobile phase A: dissolve 0.22 g of ammonium formate R in
350 mL of waterfor chromatography R and mix with
25 mL of tetrahydrofuron R;

- mobile phaseB: dilute 45 J1L of anhydrous formic add R in
900 mL of acetonitrile R and mix with 100 mL of
tetrahydrojUran R;

Time Mobile phase A Mobile phase B
(min) (per cent V/J? (pel' cent V/J1

0-2 99
2-. 99 _ 92 I ~ 8

6-7.5 92 ..... 70 8 ..... 30
7.5-8.8 70 _ 50 30 ..... 50
8.8 - 9.2 50 ..... 2 50 ..... 98
9.2 - 10 2 98

t1-peEeefltage-eeflt ]0

into account the assigned content of thiocolchiroside
hydrate CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impuniies D, E, H.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, bedetected by oneor other of the tests
in the monograph. They are limited by em general acceptance
criterion for otherhmspecified impurities andlor by thegeneral
monagraph Substances for pharmaceutical use (2034). It is
therefore not n«essaryto identify these impurities for
demonstration of compliance. See also 5.10. Control 0/impurities
in substances forphannaceutkaluse) A, B, C, G, J, K, L.

A. N-[(1S, 12aR.)-1 ,2,3,1 0-tettamethoxy-9-oxo-5,6,1,9­
tettahydrobenzo[a]heptalen-1-yl]acetamide (colchicine),

B. N-[(1S, 12aR,)-1,2 ,3-trimethoxy-10-(methylsulfanyl)-9­
oxo-5 ,6,1,9-tetrahydrobenzo [a]heptalen-1-yl]acetamide
(thiocolchicine),

c. N-[(1S, 12aR,)-3-hydroxy-I,2-dimethoxy-10­
(methylsulfanyl)-9-oxo-5,6,1,9-tetrahydrobenzo [a]
heptalen-1-yl]acetamide (3-Q-demethylthiocolchicine),

",co

H'COSSH... I /~yCH,
H3CO ,,0

",co
~ 0

OCH,

HO

Flow rate 0.4 mUmin.

Detection Spectrophotometer at 370 nm.

Injection 1.0 J.lL of test solution (a) and reference
solutions (a) and (b).

Identification 0/impurities Use the chromatogram supplied
with thiocolchicoside for system suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities D, E, Hand L.

Relativeretention With reference to thiocolchicoside
(retention time =about 6 min): impurity D =abour 0.2j
impurity H =about O.4j impurity E =about 1.05j
impurity L = about 1.11.

System suitab-ility:
- signal-to-noise ratio: minimum 50 for the principal peak in

the chromatogram obtained with reference solution (a);
- peak-te-valley ratio: minimum 1.5, where Hp = height

above the baseline of the peak due to impurity E and
H; =height above the baseline of the lowest point of the
curve separating this peak from the peak due to
thiocolchicoside in the chromatogram obtained with
reference solution (b).

Calcularion of percentage contents:
- correction factor: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity D =1.7j impurity H =2.8j

- for each impurity, use the concentration of the substance
to be examined in reference solution (a).

Limits:
- impurity D: maximwn 0.4 per cent;
- impurities E, H: for each impurity, maximum 0.3 per cent;
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HO).-O,?

l'Li
HO OH H3CO

H3CO

HO~00

OH

HO OH H3CO

H3CO
o

OCH,

D. N-[(7S,12aR,)-3-(~-D-glucopyranosyloxy)-1,2, 10­
trimethoxy-s-oxo-s.e,7,9-tetrahydrobenzo[a]heptalen-7-yl]
acetamide (colchicoside),

J. N-[(7S,12aR,)-3-(~-D-glucopyranosyloxy)-1,2-dimethoxy­

10-(methylsulfinyl)-9-0.<>-5,6,7,e-terrahydrobenzo]e]
heptalen-Zeyljacetamide (lhioco1chicoside S-oxide),

HO
HO

K. N-[(7S, 12aR,)-3-(!l-D-glucopyranosyloxy)-2-hydroxy-l­
methoxy-I0-(methylsulfanyl)-9-oxo-5,6,7,9­
tetrahydrobenzo[a]heptalen-7-yljaceramide or
N-[(7S, 12aR,)-3-(!l-D-glucopyranosyloxy)-I-hydroxy-2­
methoxy-l0-(methylsulfanyl)-9-oxo-5,6,7,9­
tetrahydrobenzo[a]heptalen-7-yl]ace'amide,

HO).-O,? .

l'LiHO OH H3CO

H3CO

E. N_[(7S,12aR,)_3_(~_D_glucopyranosyloxy)_1,2_dimethoxy_

10-(methylsulfanyl)-9-0'0-5,6,7,9-tetrahydrobenzo[a]
heptalen-7-yl]formamide (N-deacetyl-N­
formylthioco1chicoside),

G. (7S, 12aR,l-7-amlno-3(!l-I>-glucopyranosyloxy)-1,2­
dimethoxy-lO-(methylsulfanyl)-6,7-dihydrobenzo[a]
heptalen-9(5H)-one (N-deacetylthiocolchicoside),

H. N-[(7S,12aR,)-3-(~-I>-glucopyranosyloxy)-1,2-dimethoxy­
9-oxo-5,6,7,9-tetrahydrobenzo[a]heptalen-7-yl]acetamide
(IO-demethoxycolchicoside),

HO).-O,?

l'Li~
HO OH H,CO I #

H3CO

L. N-[(7S, 12aS,)-3-(~-D-glucopyranosyloxy)-1 ,2-dimethoxy­
10-(methylsulfanyl)-9-oxo-5,6, 7,9-tetrahydrobenzo [a]
heptalen-7-yl]acetamide (12aS,-thiocolchicoside).

_____~ ~ PhE,;

o

HO~00
OH

HO OH H3CO

H,CO
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Thiocolchicoside Hydrate
(Ph. Eur. monograph 2814)

HO)-O,?

fL(
HO OH H3CQ

H3CQ

C27HJ,NO,oS,xH,O 563.6
anh drous substance

Action and use
Muscle relaxant

**** ** ** ****

xH,o

1622115-03-8

Thiocolchicoside Hydrate II-1137

and L) in methanol R and dilute to 5 mL with the same
solvent.

Reference solution (c) Dissolve 20.0 rng of thiocdchicoside
hydrateCRS in methanol R and dilute to 20.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
methanol R.

Column:
- size: 1= 0.10 m, 0 = 2.1 mm;
- stationary phase: end-capped ethylene-bridged phenylsilyl silica

gelfor chromatography (hybrid material) R (1.7 pm),
- temperature: 25 "C.
Mobile phase:
- mobile phaseA: dissolve 0.22 g of ammonium formate R in

350 mL of walerfor chromatography R and mix with
25 mL of tetrahydrofuran Rj

- mobile phaseB: dilute 45 ~L of anhydrous formic acid R in
touitlile R and mix witlt-t6

tetrahydrofuran R;

Ph,,, _
DEFINITION
N-[(7S, 12aR,)-3-(P-o-Glucopyranosyloxy)-1,2-dimethoxy_10_
(methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo [a]heptalen-7­
yl]acetamide.

Content
96.0 per cent to 102.0 per cent (anhydrous substance).
It contains a variable quantityof water.

CHARACTERS
Appearance
Yellowcrystalline powder, slightly hygroscopic.
SolubUlty
Sparingly soluble in water, slightly solublein ethanol
(96 per cent), practically insoluble in acetone.
mp
About 272 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison thioco/chiaJside hydrau CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.100 g in methanol R and dilute [0 10 mL with the
same solvent.

Specific optical rotadon (2.2.7)
-600 to -570 (anhydrous substance).

Dissolve 0.500 g in waur R and dilute to 100.0 mL with the
same solvent.

Related substances
liquid chromatography (2.2.29). Cany ou' the test protected
from ligh<

Test solution (a) Dissolve 20.0 mg of the substance to be
examined in methanol R and dilute to 20.0 mL with the same
solvent.

Testsolution (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with methanol R.

Reference sohaion (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with methano/ R. Dilute 2.0 mL of this solution to
10.0 mL with methanol R.

Reference so/mum (b) Dissolve 5 mg of thiocolchicoside for
system milabilit;)! CRS (containing impurities D, E, G, H, K

Time Mobile phase A Mobile phase B
(min) (per cent JIm (per cent VIl?
0-2 99
2-. 99 ---> 92 1 ~ 8

6 - 7.5 92 ---to 70 8 ---> 30
7.S - 8.8 70 ---> SO 30 -i SO
808 - 9.2 50 -i 2 50 --0 98
9.2 - to 2 98

Flow rau 0.4 mUmin.

Detection Spectrophotometer at 370 nm.
Injection 1.0 J.lL of test solution (a) and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram supplied
with thiocolchicoside for system suitability CRS and the
chromatogram obtainedwith reference solution (b) to
identify the peaks due to impurities D, E, G, H, K and L.
Relativeretention With reference to thiocolchicoside
(retention time = about 6 min): impurity D = about 0.2;
impurity H = about 0.4; impurity G = about 0.7;
impurity K =about 0.8; impurity E =about 1.05;
impurity L =about 1.11.

System suitability:
- signal-to-noise ratio: minimum 50 for the principal peak in

the chromatogram obtainedwith reference solution (a);
- peak-to-valley ratio: minimum 1.5, where Hp = height

above the baselineof the peak due to impurity E and
Hv = height above the baseline of the lowestpoint of the
curve separating this peak from the peakdue to
thiocolchicoside in the chromatogram obtained with
reference solution (b).

Calculation of percentage contents:
- correction factors: multiply the peak areas of the foUowing

impurities by the corresponding correction factor:
impurity D =1.7; impurity H =2.8;

- for each impurity, use the concentration of
thiocolchicoside hydrate in reference solution (a).

Limits:
- impuniy E: maximum J.O per cem;
- impun°ty H: maximum 0.7 per cent,
- impuniy K: maximum 0.3 per cent,
- impurities DJ G: for each impurity, maximum 0.2 per cent,
- unspecified impurities: for each impurity, maximum

0010 per cent;
- total: maximum 2.5 per cent;
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o

HO

H

H

o
OCH,

HO)-O,?

~HO OH H3CO
H3CO

D. N_[(7S,12aR,}_3_(P_D_glucopyranosyloxy)_I,2,IO_
trimethoxy-9-oxo-5,6,1,9-tetrahydrobenzo [a1heptalen-T-yl]
acetamide (colchicoside),

E. N-[(1S,12aR,}-3-(P-D-glucopyranosyloxy)-1,2-dimethoxy­
1o-(methylsulfanyl)-9-oxo-5,6,1,9-tetrahydrobenzo[aj
heptalen-1-yllformamide (N-deacetyl-N­
formylthiocolchicoside),

_ reporting threshold: 0.05 per cent; disregard the peakdue (0

impurity L.

Water (2.5.12)
Maximum 2.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
bijection Test solution (b) and reference solution (c).
Calculate the percentage content of C27H33NOlOS taking
into account me assigned content of thiocolchicoside
hydrate CRS.

STORAGE

IMPURITIES
Specified impurities D, E, G, If, K.
Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other 0/the tests
in the monograph. Theyare limited by the general acceptance
criterion for otherhmspecijied impuriues and/or by thegeneral
monograph Substances for pharmaceutical use (2034). I, is
there/ore notnecessary co identify these ;mpun'ties for
demonstration of compliance. Set also5.10. Control of impun"ties
in substances for pharmaceutical use) A, B, C, JJ L.

o

oo~
HO OH OH H,CO

H,CO

HO)-O,?

~
HO OH H3CO

H3CO

H. N-[(1S,12aR;)-3-(P-I>-glucopyranosyloxy)-1,2-dimethoxy­
9-oxo-5,6,1,9-tetrahydrobenzo [ajheptalen-1-yllace"'mide
(IO-demethoxycolchicoside),

o

",S:CH
0' a

o
s_CH,

G. (1S,12aR,}-1-amino-3-(P-I>-glucopyranosyloxy)-1,2­
dimethoxy-IO-(methylsulfanyl)-6,1-dihydrobenzo
[ajheptalen-9(5H)-one (N-deacetylthiocolchicoside),

HO)-O,?

~HO OH H3CO

",co

A. N-[(1S,12aR,}-1 ,2,3,1O-tetramethoxy-9-oxo-5,6,1,9­
tetrahydrobenzo[alheptalen-1-yljacetamide (colchicine),

o
DCH,

C. N-[(1S,12aR,}-3-hydroxy-I,2-dimethoxy-IO­
(methylsulfanyl)-9-oxo-5,6,1,9-tetrahydrobenzo [a1
heptalen-1-yljacetamide (3-o-demethylthiocolchicine),

B. N- [(1S, 12aR;)-I,2,3-trimethoxy-1O-(methylsulfanyl)-9­
oxo-5 ,6,1,9-tetrahydrobenzo [a1heptalen-I-yl]acetamide
(thlocolchicine),

J. N-[(1S,12aR;)-3-(P-o-glucopyranosyloxy)-1 ,2-dimethoxy­
1O-(methylsulfinyl)-9-oxo-5,6,1,9-tetrahydrobenzo[a1
heptalen-1-yllacetamide (thiocolchicoside S-oxide),
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HO)-O,?

fL(
HO OH HO

HO)-O,?

fL(
HO OH H3CO

~ a

'"

~ a

mp
About 61 'c.
IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison thioctic add CRS.

TESTS
Appearance of solution
The solution is clear (2.2.1).

Dissolve 0.50 g in a 20 gIL solution of sodium hydroxide R
and dilute to 10 mL with the samesolution.
Impurity B
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in dimethylformamide R and dilute to 10 mL with
the samesolvent.

-------- P1>E"

erence s utwn ISSOve 20 mg of thioctic acidcontaining
impurity B CRS in dimetlry/formamide R and dilute to 1.0 mL
with the samesolvent (1.0 percent impurity B solution).
Plate TLC silica gelplate R.

Mobile phase 25 per cent VIV solution of ammonia R,
waterR, etlryl aC<ltate R, propanol R (5: 10:40:40 VIVIV/Jo').
Application 5 ~L.

Development Over 2/3 of the plate.

Drying At 50 'C for 20 min.

Detection Expose to iodinevapour for 30 min or until the
spots appear.
System suitability Reference solution:
- the chromatogram shows 2 clearly separated principal

spots due to impurity B (Rp = 0.0) and thioctic acid
(Rp =about 0.3).

Limit:
- impun"ty B: anyspot due to impurity B is not more intense

than the corresponding spot in the chromatogram
obtained with the reference solution (1.0 per cent).

Related substances
Liquid chromatography (2.2.29). Protea the solutWnsfrom
light

Solvent mixture A mixture of equal volumes of acetonitrile Rl
and a 0.7 gIL solution of potassium dihydrogen phosphate R
previously adjusted to pH 3.6 with phosphoric add R.

Test solution Dissolve50.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 5 mg of thioaic acid for system
suitability CRS (containing impurity A) in the solvent mixture
and dilute to 5 mL with the solvent mixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.9 mL with the solvent mixture.
Reference solution (c) Dissolve 50.0 mg of thioctic acid CRS
in the solvent mixture and dilute to 50.0 mL with the solvent
mixture.
Blank solution Solvent mixture.
Column:
- size: 1= 0.25 m, 0 ::::: 4.6 mm;
- stationary phase: oaadecylsilyl SIlica gelfor chromatography R

(5 lIJIl);
- temperature: 35°C.

Afob,le phase Mix 8 volumes of acetonitrile RJ) 41 volumes
of a 0.7 gIL solution of potassium dihydrogen phosphate R

1077-28-7206.3

~-S\.:··H""'" ........... ~C02H endeoanuome
~.."....."............... crner

P1>E" ~---_------ ~

Action and use
Antioxidant.

(Ph. Eur. monograph 1648)

HO)-O,?

fL(~
HO OH H3CO I #

. H3CO

K. N-[(7S, 12aR,)-3-(P-D-g1ucopyranosyloxy)-2-hydroxy-l­
methoxy-I0-(methylsulfanyl)-9-oxo-5,6,7,9­
retrahydrobenzo[a]heptalen-7-yl]acetamide or
N-[(7S,12aR,)-3-(P-D-g1ucopyranosyloxy)-I-hydroxy-2­
methoxy-I0-(methylsulfanyl)-9-oxo-5,6,7,9­
retrahydrobenzo [a]heptalen-7-yl]acetamide,

Thioctic Acid

L. N-[(7S,12aS,)-3-(P-D-g1ucopyranosyloxy)-1,2-dimethoxy­
I 0- (methylsulfanyl)-9-oxo-5,6,7,9-tetrahydrobenzo [a]
heptalen-7-yl]aceramide (12aS,-thioco1chicoside).

DEFINITION
5-[(3RS)-1,2-Dithiolan-3-yl]pentanoic acid.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow, crystalline powder.

Solubility
Very slightly soluble in water, very soluble in
dimethylformamide, freely soluble in methanol.
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Action and use
Antiseptic; adjuvant in vaccine formulations.

II-1l40 Thiomersal

previously adjusted to pH 3.0 with phosphoric acid R, and
51 volumes of methanol R.
Flow rate 1.2 mUmin.
Detection Spectrophotometer at 215 om.

Injection 20 ~L.

Run time 2.5 times the retention time of thiocticacid.
Relative retention With reference to thioctic acid (retention
rime =about 6 min): impurity A =about 2.2.

System suitability:
_ resohuion: minimum 6.0 between the peaks due to thioctic

acid and impurity A in the chromatogram obtained with
referencesolution (a);

_ symmetry factor. maximum 2.0 for the peakdue to thioctic
acid in the chromatogram obtained with reference

utine.

Thiomersal
Thimerosal
(Ph. Eur. monograph 1625)

C,H,HgNaO,S 404.8

2022

**** ** ** ****

54-64-8

Limits:
_ correction factor. for me calculation of content,multiply the

peak area of impurityA by 0.6;
- impurity A: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (b) (0.2 per cent);

_ unspecified impuriues: for each impurity, not more than the
areaof the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.3 per cent);

_ disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwithreference solution (b)
(0.05 per cent). .

Loss on drying (2.2.32)
.Maximum 0.2 per cent, determined on 1.000 g by drying in
'Vacuo at 40°C for 3 h.

Sulfated ash (2.4.14)
.Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
InJeuion Test solution and reference solution (c).
Calculate the percentage content of CSH 1402S2 from the
peak areas and the declared content of thioctic addCRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.

A. 5-[(4RS)-1,2,3-trithian-4-yIJpenlanoic acid,

Hfs - - - 1l0H~1~~I

B. a_hydro_ID-hydroxypoly[suifanediyl(3-sulfanyl-8­
oxooctane-l Bcdiylj] (mixture of thioctic acid polymers).

____________________ "'E"

Sodium ethyl[2-sulfanylbenzoato(2-)-O,Slmercutate(I-).

Content
97.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubillty
Freelysoluble in water, sparingly solubleor soluble in
ethanol (96 per cent), practically insoluble in methylene
chloride.

IDENTIFICATION
First identification: B) D.
Second idenu]ication: A, C, D.
A. Melting point (2.2.14): 103 'C 10115 'C.

Dissolve 0.5 g in waterR and dilute to 10 mL with the same
solvent. Add 2 mL of da",e hydrochloric acid R. A while
precipitate is formed. Wash the precipitate with waterRand
dry in 'VCKUQ (2.2.32) at a pressure not exceeding 0.7 kPa.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison thiomersaJ CRS.
C. Treat 50 mg by the oxygen-flask method (2.5.10). Use a
mixture of I mL of strong hydrogen peroxide sdution Rand
50 mL of waterR to absorb the combustion products. To the
solution add 5 mL of dilute nitric acidR. 0.1 mL of this
solution gives reaction (a) of mercury (2.3.1). To the
remaining part of the solution add 10 mL of dilute
hydrochloric acidR and filter. 5 mL of the filtrate, without
further addition of acid, gives reaction (a) of sulfates (2.3.1).

D. Solution S (see Tests) givesreaction (a) of sodium
(2.3.1).

TESTS
Solution S
Dissolve 2.0 g in carbon dioxide-free water R and dilute to
25 mL with the-same solvent.

Appearance of solution
Solution S is not more opalescent thanreference
suspension IT (2.2.1) and not more intensely colouredthan
reference solution B, (2.2.2, MethodIf).

pH (2.2.3)
6.0 to 8.0.
Dilute 5 mL of solution S to 50 mL with carbon dioxide-free
waterR.
Inorganic mercury compounds
Maximum 0.70 per cent.
Protect the solu/ions from light throughout the procedure.
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Test solution Dissolve 25 mg of the substance to be
examined in waterR and dilute to 25.0 mL with the same
solvenr.

Reference solution Dissolve 95.0 rng of mercuric chloride R in
waterR and dilute to 50.0 mL with the same solvent. Dilute
1.0 mL of the solution to 20.0 mL with waterR.

T<!StJ reference and blank preparations Label five 10 mL
volumetric flasks A, B, C, D and E. Place 5 mL of the test
solution in flasks A, B, C and D. To each of the flasks C
and D add 0.5 mL of the reference solution. Dilute the
contents of flasks A and C to to mL with water R (blank
preparations A and C). Dilute the contents of flasks Band D
to 10 mL with a freshly prepared 332 gIL solution of
potassium iodide R (test preparation B and reference
preparation D). Place 5 mL of a 332 gIL solution of
potassium iodide R in flask E. Dilute to 10 mL with waterR

.Measure the absorbance (2.2.25) of each solution (Aa)AbJ

ACJ Ad and Ae) at 323 run using water R as the compensation
liquid. Calculate the content of inorganic mercury
compounds, expressed as Hg from the expression:

(Ab -A, -A,) x mR x 0.1847

(Ad -A, -Ab+A.) x ntr

mR mass of mercuric chloride in me reference solution in
milligrams,

'*I" mass of the substance [0 be examined in milligrams.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
a desiccator at a pressure not exceeding 0.7 kPa for 24 h.

ASSAY
Place 0.5 g in a 100 mL long-necked combustion flask, add
5 mL of sulfuricadd R and heat gem.lyuntil charring occurs,
continue to heat and add dropwise strong hydrogen peroxide
solution R until the mixture is colourless. Dilute with warer R,
evaporate until slight fuming occurs, dilute to 10 mL with
walerR, cool down and titrate with 0.1 M ammonium
thiocyanate using/erne ammonium sulfare solution R2 as
indicator.

1 mL of 0.1 M ammonium thiocyanate is equivalent to
20.24 mg of C,H,HgNaO,S.

STORAGE
Protected from light.

------- Phf<l

Thiopental Sodium
(Thiopental Sodiumand Sodium Carbonate, Ph. Eur.
monograph 0212)

andenanUomer

264.3

Action and use
Intravenous barbiturate; general anaesthetic.

Preparation
Thiopental Injection

Thiopental Sodium II-1l41

PhE" _

DEFINITION

Mlxture of sodium 5-ethyl-5-[(lRS)-I-methylbutylj-4,6­
dioxo-lA,5,6-tetrahydropyrimidine-2-thiolate and anhydrous
sodium carbonate.

Content
- thiopental: 84.0 per cent to 87.0 per cent (dried

substance);
- sodium: 10.2 per cent to 11.2 per cent (dried substance).

CHARACTERS
Appearance
Yellowish-white, hygroscopic powder.

Solubility
Freely soluble in water, partly soluble in anhydrous ethanol.

First identification: A~ B~ E.

Second identification: A, C~ D, E.

A. Acidify 10 mL of solution S (see Tests) with dilu,.
hydrochloric acid R. An effervescence is produced. Shake with
20 mL of 1, l-dimethylethylmethyl ether R. Separate the upper
layer, wash with 10 mL of waterR, dry over anhydrous sodium
sulfate Rand lilter. Evaporate the liltrate to dryness and dry
the residue at 100-105 DC. Determine the melting point
(2.2.14) of the residue. Mix equal parts of the residue and
thiopental CRS and determine the melting point of the
mixture. The difference between the melting points (which
are about 160 DC) is not greater than 2 DC.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Use the residue obtained in Identification
test A.

Comparison thiopental CRS.

C. Thio-Iayer chromatography (2.2.27).

Test so!utiOtl Dissolve 0.1 g of the substance to be examined
in water R and dilute to 100 mL with the same solvent.

Reference solution Dissolve 85 mg of thiopental CRS in
10 mL of dihue sodiumhydroxide solution R and dilute to
100 mL with water R.
Pla,. TLC silica gel GF254 pia,. R.

Mobile phase concentrated ammonia R, ethanol (96 per cenV R,
methylene chlaride R (5:15:80 VIVIJI); use the lower layer.

Application I0 ~L.

Development Over 314 of the plate.

Detection Examine immediately in ultraviolet light at
254 nm.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution. ,

D. It gives the reaction of non-nitrogen substituted
barbiturates (2.3.1).

E. It gives reaction (a) of sodium (2.3.1).

TESTS
Solution S
Dissolve 5.0 g in carbon dioxide-free waterR and dilute to
SO mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution GY, (2.2.2, Method lI).
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Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 20.0 mL wil:h
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to

100.0 mL with the mobile phase. Dilute 5.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve 2 mg of thiopental for system
suitability CRS (containing impurities AJ BJ C and D) in the
mobile phaseand dilute to 2.0 mL with the mobile phase.
Column:
- size: 1= 0.15 rn, 0 = 4.6 mm;
- stationary phase: end-capped O<tade<ylsi!YI silica gelfor

on a water-bath. 15 mL of the solutioncomplieswith the test
for chlorides.

Loss on drying (2.2.32)
Maximum 25 per cent, determined on 0.500 g by drying in
vo<uo at 100 °C for 4 h.

ASSAY
Sodium
Dissolve 0.400 g in 30 mL of waterR. Add 0.1 mL of methyl
redsolution R and titrate with 0.1 M hydrochlon·c aciduntil a
red colour is obtained. Boil gently for 2 min. Allowto cool
and, ifnecessary, continue the titration with 0.1 M
hydrochlonc adduntil the red colour is againobtained.
1 mL of 0.1 M hydrochloric acid is equivalent to 2.299 mg of
Na.

Thiopental

A. 5-[(IRS)-I-methylbutyl]-2-thioxo-2,3-dihydropyrimidine­
4,6(lH,51:l)-dioneJ

B. 5-ethyl-5-[(IRS)-I-methylbutyl]pyrimidine-2,4,6
(IH,3H,5H)-trione,

sulfun'c addR and shakewith 4 quantities, each of 10 ml., of
chlorofonn R. Combine the chloroform layers, filter and
evaporate the filtrate to dryness on a water-bath. Dissolve the
residue in 30 mL of previously neutralised
dimethyiformamide R and add 0.1 mL of a 2 gIL solution of
thymolblue R in methanol R. Titrate immediately with 0.1 M
lithr~um methoxide until a blue colour is obtained. Protect the
solution from atmospheric carbondioxideduring the
titration.
I mL of 0.1 M lithium methoxide is equivalent to 24.23 mg of
C llH ,sN20 2S.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities B, C, D.
OtherdeteCtable impurities (the following substances wauld, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They arelimited by thegeneral ac«ptane.
criterion for other/unspecified impurities and/or by thegeneral
monogroph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impwities for
demonstration of compliance. See also 5.10. Control of impurities
in substanus forpharmaceutical use) A.

andenenncmer
°1~YS

H3C~NH

H3C H 0

Mobile phase acetonitrile R /J 1 gIL solution of phosphorit
acid R (35:65 VII').
Flowrate 1 mIJmin.
Detection Spectrophotometer at 225 run.

Inje<o"on 10 ~L.

Run time Twice the retention time of thiopental.

Identification of impun'ries Use the chromatogram supplied
with thiopental for system suitability CRS (containing
impurities A, B, C and D) and the chromatogram obtained
with reference solution (b) to identify the peaksdue to

impurities A, B, C and D.
Relativeretention With reference to thiopental (retention
time =about 20 min): impurity A =about 0.3;
impurity B = about 0.4; impurity C = about 0.9;
impurity D =about 1.3.
System suitability Reference solution (b):
- resohuion: minimum 1.5 between the peaksdue to

impurities A and B; minimum 1.5 between the peaks due
to impurity C and thiopental.

Limiu:
- comaion factor: for the calculation of content, multiply the

peak area of impurity B by 1.5;
- impuniyC: not more than 6 times the areaof the

principal peak in the chromatogram obtainedwidl
reference solution (a) (3.0 per cent);

- impun"ry B: not more than twice the area of the principal
peakin the chromatogram obtained with reference
solution (a) (1.0 per cent);

- impurity D: not more than 0.6 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- unsp«jfied impurities: for each impurity, not more than
0.2 timesthe area of the principal peak in the
chromatogram obtainedwith reference solution (a)
(0.10 per cent);

- total: not more than 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (5.0 per cent);

- disregard limt'l: 0.1 times the area of the-principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Chlorides (2.4.4)
Maximum 330 ppm.
To 5 mL of solution S add 35 mL of waterRand 10 mL of
dilute nitric acid R. Shake with 3 quantities, each of 25 mL, of
1,I-dimethylethyl methylether R and discard the upper layer.
Eliminate the organic solvent from the lowerlayer by heating
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~
o ~yS

H,C
NH

HJC 0

H,C

C. 5-ethyl-5-(I-ethylpropyl)-2-thioxo-2,3-dihydropyrimidine­
4,6(1R,5H)-dione,

s
0"Y~---<

H'C~Co,HNH,

~H j(sepimeraIC*and
HJC CH3 theirenantiomers

Related substances
liquid chromatography (2.2.29). Cany out the test as quicklY
aspossible and protected from light.

Test solution Dissolve 20 mg of the substance to be
examined in methanol R and dilute to 100 mL with the same
solvent.

Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with methanol R. Dilute 2.0 mL of this solution to
100.0 mL with methanol R.

Reference solution (b) Dissolve the contents of a vial of
thioridasine for system suilabi/ity CRS (containing impurities
A> B> C> D and E) in 1.0 mL of methanol R.
Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: end-eapped oCladecy/si/y1 silica gelfor

chromoto h R resistant [Q bases u to
ethyl-3-methylhexanoic acid and (2RS,3SR)-2­
(carbamothioylcarbamoyl)-2-ethyl-3-methylhexanoic acid.

------ PhElI

1 0 e phase:
- mobl1e phaseA: methylamine Rl, acewnitri/e R, waterR

(2:400:600 VIVIV);
---:- mobIle phaseB: triethylamine Rl, acetonitrile R

(2:1000 VIII);

PhElI _

Thn. MobUe phose A MobUe phase B
(min) (per cent VIP) (per cent V/J?
0-5 100 0

5 - 35 100 ...... 5 0 ...... 95
35·40 5 95

Flow rate 1.0 mUmin.

Detection Spectrophotometer at 275 nm.
Injution 25 pL.

Identification of impun·ties Use the chromatogram supplied
with thioridazine for system suitability CRS and the
chromatogram obtained withreference solution (b) to
identify the peaksdue to impurities A, B, C, D and E.
Relative retention With reference £0 thioridazine (retention
time = about 30 min): impurity D = about 0.1;
impurity A =about 0.3; impurity C =about 0.4;
impurity B =about 0.5; impurity E =about 0.6.

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

impurities C and B.
Limits:
- correaion factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 1.9;
impurity B = 2.4; impurity C =0.5; impurity D =1.5;

- impurities A, B, C, D> E: for each impurity, not more than
the area of the principal peakin the chromatogram
obtained with reference solution (a) (0.1 per cent);

- unspecified impun"ties: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g in vacuo at
50·C for 4 h.

50-52-2

andenantiomer

370.6

Action and use
Dopamine receptor antagonist; neuroleptic.

DEFINITION
I0- [2-[(2RSj-I-Methylpiperidin-2-yl]ethyl]-2­
(methylsulfanyl)-IOR-phenothiazine

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost whitepowder.

Solubility
Practically insoluble in water, verysoluble in methylene
chloride, freely soluble in methanol, soluble in ethanol
(96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison thioridazine CRS.

TESTS
Solution S
Dissolve 1.25 g in methanol R and dilute to 25 mL with the
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than intensity 6 of the range of reference solutions of the
most appropriate colour (2.2.2, Method If).

Thioridazine
(Ph. Eu,. monograph 2005)

www.webofpharma.com



II-1144 Thioridazine Hydrochloride 2022

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 60 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchknic acid, determining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M perch!on, acid is equivalent to 37.06 mg

of C21H26N2S2'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E.
Otherdetectable impun"ties (thefollowing substances would, if
present at a sufficient level, bedetected by oneor other of the tests

andenanliomer

E. 10-[2-[(2RSJ-I-methylpiperidin-2-yl]ethyl]-2­
(methylsulfonyl)-IOH-phenothiazine (sujforidazine),

("I H. rl
YN~N)SD Hand enan!iomer

""I
~ .... CH3

criterion for other/unspecified impuruies and/or by thegeneral
monograph Substances for pharmaceuti<a1 use (2034). 1, is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5./O. Conr.rol of impun"ties
in substances for pharmaceutical use) F.

F. 2-(methylsulfanyl)-I0-[2- [(2RSJ -piperidin-2-yl]ethyl]-I0H­
phenothiazine (nonhioridazine).

____________________ PIlE"

andenanllomer

A. 10-[2-[(2RSJ -I-methylpiperidin-2-yl]ethyIJ-2­
(methylsulfonyl)-IOH-phenothiazine 5,5-dioxide,

Thioridazine Hydrochloride
(Ph. Bur. monograph 0586)

andenantiomer , HCI

B. 10-[2-[(2RSJ-I-methyJpiperidin-2-yl]ethyl]-2­
(methylsullinyl)-IOH-phenothiazine (mesoridazine),

D. 10-[2-[(2RSJ-I-methylpiperidin-2-yl]ethyIJ-2­
(methylsullinyl)-IOH-phenothiazine 5-<>xide,

130-61-0407.0C2IH27CIN,s,

Action and use
Dopamine receptor antagonist; neuroleptic.

PIlE" ~ _

DEFINITION
I 0- [2- [(2RSJ -I-Methylpiperidin-2-yl]ethyl]-2­
(methylsulfanyl)-IOH-phenothiazine hydrocWoride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in methanol, soluble in ethanol
96 per cent.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison thioridoeine hydrochloride CRS.
B. 0.2 g gives reaction (b) of chlorides (2.3.1).

TESTS
Cany ou' all operations protected from ligh,.

Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than intensity 6 of the range of reference solutions of the
most appropriate colour (2.2.2, kIelhodII).
Dissolve 1.0 g in methanol R and dilute to 20 mL with the
same solvent.

andenanUomer

andenantiomer

C. 10- [2-[(2RSJ-I-methylpiperidin-2-yl]ethyl]-2­
(methylsulfanyl)-IOH-phenothiazine s-oxide,

www.webofpharma.com



2022 Thioridazine Hydrochloride II-1145

Otherdetectable impurities (thefoll<Jwit/g substat/ces would, if
present at a $ujficieTlllevel, be detected by oneor otherof the tests
in the monograph" They are limited by thegeneral acceptance
criterion for otherlunspeajied impurities and/or by thegeneral
mOt/agraph Substat/ces forpharmaceutical use (2034). It is
therefore not necessary to identify these impun'ties for
demonstration of compliance" Seealso5.10. Control ofimpun"ties
in substances forpharmaceutical use) F.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 10 mL of anhydrous auric
add Rand 60 mL of acetic atlltydritk R. Titrate with 0.1 M
perchloric add, determining the end-point potentiometrically
(2.2.21/).

I mL of 0.1 M perchloric add is equivalent to 40.70 mg
of C21H27ClN2S2'

STORAGE
Protected from light.

IMPURITIES

Optical rotation (2.2.7)
-0.100 to + 0.10°.

Dissolve 1.0 g in methanol R and dilute 10 20.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Cony au! the testas quicklY
as possible and protected from light.
Test solution Dissolve 20.0 mg of the substance to be
examined in methanol R and dilute to 100.0 mL with the
same solvent.

Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with methanol R. Dilute 2.0 mL of this solution to
100.0 mL with methanol R.
Reference solution (b) Dissolve the contentsof a vial of
thioridaeine for system suitability CRS (containing
im urities ABC D and E in 1.0 mL of methanol R.

Column:
- size: 1= 0.25 m, (2) = 4.0 mm;
- stationary phase: end-capped octadecylsi/yl silica gelfor

chromatography R (5 urn) resistant to basesup to pH 11.
Mobile phase:
- mobile phase A: triethylamine Rl, acetonitrile R, waterR

(2:400:600 VIVW);
- mobile 'phase B: m"ethylamine Rt, acetonitrik R

(2:1000 VIp);

SpetijUd impUli . , , , , .

B. 10-[2-[ (2RS)-I-methylpiperidin-2-yl]ethyl]-2­
(methylsulfinyl)-IOH-phenothiazine,

A. 10-[2-[(2RS)-I-methylpiperidin-2-yl]ethyl)-2­
(methylsulfonyl)-IOH-phenothiazine 5,5-dioxide,

and enaoliomer

andenantiomer

C. IQ-[2-[(2RS)-I-methylpiperidin-2-yl]ethyl]-2­
(methylsulfanyl)-IOH-phenothiazine 5-Qxide,

Thne MobUe phase A MobUe phase B
(min) (per cent VIII) (per cent VIJ?

0-5 100 0

5 - 35 100 ..... 5 o ..... 95

35·40 5 95

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 275 nm,

IrrjectiOt/ 25 ~L.

ldemifiauion of impurities Use the chromatogram supplied
with thioridazine for system suitability CRS to identify the peaks
due to impurities AJ B, C, D and E "
Relative retention With reference to thioridazine (retention
time=about30 min): impurity n =about 0.1;
impurity A =about 0.3; impurity C =about OAj
impurity B =about O.5j impurity E =about 0.6j
impurity F =about 0.9.

System suitability Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

impurities C and B.
Limits:
- correction factors: for the calculation of content, multiply

the peakareas of the following impurities by the
corresponding correction factor: impurity A = 1.9j
impurity B =2.4; impurity C =0.5; impurity D =1.5;

- impurities A, B, C, D, E: for each impurity, not more than
the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.1 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0"1 per cent);

- total; not more than 5 times the area of the principal peak
in the chromatogram obtainedwithreference solution (a)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).
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D. IQ-[2-[(2RS)-I-methylpiperidin-2-yl]ethyl]-2­
(methylsulfinyl)-IOH-phenothiazine 5-oxide,

andenanUomer

andenantiomer

1M hydrochloric acid, mixand add 0.05 mL of barium chloride
so/mum. The solution becomes turbid.

C. To 2 mL of the solution obtained in test B add 40 mL of
waterand 4 mL of ammonium molybdate-sulfuric acid solulum,
mix, add 0.1 g of t-ascorbic add andboil for 1 minute.
A blue colour is produced.

TESTS
Melting point
52' to 57', Appendix V A.

Clarity of solution
A 2.0% wlv solution is clear, Appendix N A.

Related substances
Carry out themethodfor liquid chromatography,
Appendix III D, using the following freshly prepared
solutions. Solutions (1) and (2) are solutions of the substance

____________________ PO,<I

o 0
0.00035% w/v, respectively. For solution (3) dissolve 10 mg
of me substance being examined in 2 mL of methanol in a
ground-glass-stoppered rube, add 50 ~L of a 0.1% vlv
solution of orthophosphoric acid, stopper the tube and heat in a
waterbath at 65° for 50 seconds (generation of
methoxythiotepa). Allow the solution to cool and add 1 mL
of memanol. For solution (4) dissolve IS mg of the substance
being examined in 10 mL of water, add 1 g of sodium chloride,
boil in a waterbath for 10 minutes and cool (generation of
chloro-adduct).

The chromatographic procedure may be carried out using
(a) a stainless steel column (15 cm x 4.6 mm) packed with
end-capped oC/i1decylsi/y1 silica gelfor chromatography (5 urn)
(Nucleosil CI8 is suitable), (b) 15 volumes of autonitrile and
85 volumes of 0.1M mixedphosphiue buffer pH 7.0 as the
mobile phase with a flow rate of 1 mL per minute and (c) a
detection wavelengthof2I5 nm.
The chromatogram obtained with solution (3) shows a peak
corresponding to methoxythictepa with a retention time
relative to thiotepa of about 1.3 and the chromatogram
obtainedwith solution (4) shows a peak due to the chtoro­
adduct with a retention time relative to thiotepa of about
3.75. The test is not valid unless the resolution fatter between
the two principal peaks in the chromatogram obtained with
solution (3) is at least 3.

For solution (I) allow the chromatography to proceed for
4 times the retention time of the principal peak. In the
chromatogram obtained with solution (1) the area of any
peak corresponding to the 'chloro-adduct' (identifiedfrom
the peak in the chromatogram obtained with solution (4)) is
not greater than 1.5 times the area of the principal peak in
the chromatogram obtained with solution (2) (0.15%), the
areaof any other secondary peak is not greater than the area
of the principal peak in the chromatogram obtained with
solution (2) (0.1%) and the sum of the areas of all the
secondary peaks is not greater than twice the areaof the
principal peak in' the chromatogram obtained with solution
(2) (0.2%).

Water
Not more than 0.5% wlw, Appendix IX C. Cool the reagents
and titration vessel in ice throughout the procedure and use
1.2 g. Complete the procedure as quicklyas possible.

ASSAY
Transfer 0.2 g to an iodine flask with the aid of 50 ml, of a
20% wlv solution of sodium thiosulfate and titrate immediately
with O.lM hydrochloric acid VS, using 0.05 mL of merhyl
orange solution as indicator, until a faint red colourpersists for
10 seconds. Stopper the flask, allow to stand for 30 minutes

52-24-4189.2

Action and use
Cytotoxic a1kylating agent.

Preparation
Thiotepa Injection

Thiotepa

CHARACTERISTICS
Fine, white crystalline flakes.

Freelysoluble in water, in chloroform and in ethanol (96%).

IDENTIFICATION
A. The infrared absorpu'on spearum, Appendix IT A, is
concordant with the reference spectrum of thiotepa (RS 337).

B. Burn 20 mg by the method for oxygen-flask combustion,
Appendix VIII C, using 5 mL of 1.25M sodium hydroxide as
the absorbing liquid. When the process is complete, dilute to
25 mL with water. To 5 mL of the resulting solution add
0.1 mL of hydrogen peroxide SQlu"on (100oo() and I mL of

DEFINITION
Thiotepa is phosphorcthioic tri(ethyleneamide). It contains
not less than 97.0% and not more than 102.0% of
C6H I2N3PS, calculatedwith reference to the anhydrous
substance.

F. 2-(methylsulfanyl)-I 0-[2- [(2RS)-piperidin-2-yl] ethyl]-IOH­
phenothiazine.

E. 10-[2-[(2RS)-I-methylpiperidin-2-yl]ethyl]-2­
(methylsulfonyl)-IOH-phenothiazine,
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A. 'chloro-edduct',

B. 'bydroxythiotepa A',

PIlE" _

Second identification: A j c, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison threonine CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in a 1 per cent V/V solution of hydrochlonc acidR
and dilute to 50 mL with the same solution.

Reference solution Dissolve 10 mg of threonine CRS in a
1 per cent V1Vsolution of hydrochlon'c add R and dilute to
50 mL with the same solution.

Plat< TLC silicagel plate R.

Mobile phase glacial acetic acid R, waterR J butanol R
(20:20:60 VIVII').

App/icatWn 5 ~L.

Deoo'upmellr------6ve
Drying In air.
Detection Spray with ninhydrin solution R and heat at 105°C
for 15 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

D. Mix 1 mL of a 2 gIL solution of the substance to be
examined and I mL of a 20 gIL solution of sodium
periodau R. Add 0.2 mL of piperidine Rand 0.1 mL of a
25 gIL solution of sodium nuroprusside R. A blue colour
develops that changes to yellow after a few minutes.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method11).

pH (2.2.3)
5.0 to 6.5 for solution S.

Specific optical rotation (2.2.7)
-29.0 to -27.6 (dried substance).

Dissolve 1.50 g in waterR and dilute to 25.0 mL with the
same solvent.

Ninhydrin-positive substances
Amino acid analysis (2.2.56). For analysis, use Method 1.

The concentrations of the test solution and the reference
solutions may be adapted according to the sensitivity of the
equipment used. The concentrations of all solutions are
adjusted so that the system suitability requirements descnbed
in general chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between all solutions as described.

SolmionA dilutehydrochloric acidR1 or a sample preparation
buffer suitable for the appararus used.

Test solution Dissolve 30.0 mg of the substance to be
examined in solution A and dilute to 50.0 mL with
solution A.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 2.0 mL of this solution to
10.0 mL with solution A.
Reference solution (b) Dissolve 30.0 mg of proline R in
solution A and dilute [0 100.0 mL with solution A. Dilute
1.0 mL of the solution to 250.0 mL with solution A.

72-19-5

**** ** ** ****

119.1

H NH,
HC. )(

3 X. ~CC¥i

H 'C>H

C. 'hydroxythiotepa B'.

Threonine
(Ph. Bur. monograph /049)

Action and use
Amino acid.

S
f' "I>N-~-NH-CH,-CH,-CI

N
B

and titrate with 0.1M sodium hydroxide VS using
phenolphthalein solution Rl as indicator. Subtract the volume
of O. 1M sodium hydroxide VS used from the volume of O.IM
hydrochloric acid VS used. Repeat the operation without the
substance being examined. The difference between the
titrations represents the amount of hydrochloric acid
required. Each mL of O. 1.1f hydrochlcric acid VS is equivalent
to 6.307 mg of C,H12N, PS.

STORAGE
Thiotepa should be stored at a temperature of 20 to 80

•

At higher temperatures it polymerises and becomes inactive.

L'liPURITIES

S
f' "v N- P - OH,

N
L..:>.

S
f' "v N- ~ - NH- CH, - CH, - OH

1:s

DEFINITION
(2S,3R)-2-Amino-3-hydroxybutanoic acid.

Product of fermentation or of protein hydrolysis.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or colourless
crystals.

Solubility
Soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: AJ B.
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Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (100 ppm NH,) R to 50.0 mL with solution A. Dilute
1.0 mL of this solution to 100.0 mL withsolution A.

Reference solution (d) Dissolve 30 mg of isoleucine R
(impurity D) and 30 mg of leucine R in solution A and dilute
to 50.0 mL with solution A. Dilute 1.0 mL of the solution to
200.0 mL with solution A.

Blatm solution Solution A.

Inject suitable) equal amounts of the test, blank and reference
solutions into the amino acidanalyser. Run a program
suitable for the determination of physiological amino acids.
System suitability Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurity D and leucine.

Calculation of percentage contents:

ASSAY
Dissolve 0.100 g in 5 mL of anhydrous formic acidR.
Add 30 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchioric acid, determining the end-point potentiometricaJly
(2.2.21J).

I mL of 0.1 M perchloric acidis equivalent to 11.91 mg of
C4H.N03 ·

STORAGE
Protected from light.

Lm>URITIES
Otherdetectable impun'ties (thefollowing substances would~ if
preseni at a sufficient level, be detected by oneor other of the tests

in the monograph. They are limited by the general acceptance
cnterion for other/unspecified impurities. It is therefore not
necessary to idenufy these impurities for demonstration of

B. (2S)-2-aminopropanoic acid (alanine),

89-83-8150.2

H:lCyyOH

~CH3
CN,

C. (2S)-2-amino-3-methylbutanoic acid (valine),

phannaceutical use) A, B, C, D~ E.

H NH2

HO~C02H

A. (2S)-2-amino-4-hydroxybutanoic acid (homoserine),

D. (2S,3S)-2-amino-3-methylpentanoic acid (isoleucine),

H Nt<,

H,N~Co,H

E. (2S)-2,6-diaminohexanoic acid (lysine).

(Ph. Eur. monograph 0791)

Thymol

______________~ PhE"

PhE" _

DEFINITION
5-Methyl-2-(methylethyl}phenol.

CHARACTERS
Appearance
Colourless crystals.

use the concentration of threonine in reference
solution (a);

- for any nlnhydrin-positive substance detected at 440 nrn,
use the concentration of proline in reference solution (b);
if a peak is above the reportingthreshold at both
wavelengths) use the result obtained at 570 nm for
quantification.

Limits:
- 0101 ninhytin"n-positive substance: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent.

The thresholds indicated under Related substances
(fable 2034.-1) in the general monograph Subsumas for
pharmaceutical use (2034) do not apply.

Chlorides (2.4. <f)
Maximum 200 ppm.

Dilute 10 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in distilled water R and dilute (0 15 mL with
the same solvent.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.
Injection Test solution) reference solution (c) and blank
solution.
Limit:
- ammonium at 570 nm: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (c) (0.02 per cent), taking into account
the peak due to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 g in 10 mL of dilute
hydrochloric add R. Shake with 3 quantities, each of 10 mL,
of methyl isobutyl ketone Rt, shakingfor 3 min each time.
To the combined organiclayers add 10 mL of water Rand
shakefor 3 min. Use the aqueous layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.1<f)
Maximum 0.1 per cent) determined on 1.0 g.
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Solubility
Veryslightly soluble in water, verysoluble in ethanol
(96 per cent), freely soluble in essential oils and in fatty oils,
sparingly soluble in glycerol. It dissolves in dilute solutions of
alkali hydroxides.

IDENTIFICATION
First identification: B.

Second identification: A, C, D.
A. Melting point (2.2.14): 48 'C to 52 'C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison rhymol CRS.
C. Dissolve 0.2 g with heating in 2 mL of dilute sodium
hydroxide solution R and add 0.2 mL of chloroform R. Heat on
a water-bath. A violet colour develops.
D. Dissolve about 2 mg in 1 mL of anhydrous acetic acid R.

1nje<o'on I ~L.

System suitability Reference solution (b):
- signal-to-noise ratio: minimum 5 for the principal peak.
Limits:
- "'tal: not more than the area of the principal peak in the

chromatogram obtainedwilh reference solution (a)
(1.0 per cent);

- disregard limit: the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 per cent).

Residue on evaporation
Maximum 0.05 per cent.
Evaporate 2.00 g on a water-bath and heat in an oven at
100-105 °C for 1 h. The residue weighsnot more than
1.0 mg.

A bluish-green colour develops.

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension IV (2.2.1) and not more intensely coloured than
reference solution Rti (2.2.2, Method/1).

Dissolve 1.0 g in 10 mL of dl7ute sodium hydroxide solution R.

Acidity
To 1.0 g in a 100 mL glass-stoppered conical flask add
20 mL of waterR. Boil until dissolution is complete, cool
and stopper the flask. Shake vigorously for 1 min. Add a few
crystals of the substance [0 be examined to initiate
crystallisation. Shakevigorously for 1 minand filter.
To 5 mL of the filtrate add 0.05 mL of methYl red solution R
and 0.05 mL of 0.01 M sodium hydroxide. The solution is
yellow.

Related substances
Gas chromatography (2.2.28).

Testsdution Dissolve 0.100 g of the substance [0 be
examined in erhanol (96 per cen!> R and dilute to 10.0 mL
with the same solvent.
Reference solueron (a) Dilute I mL of the test solution to
100 mL with erhanol (96 percent) R.

Reference solution (b) Dilute I mL of reference solution (a)
to 10 mL with erhanol (96 per cen!> R.
Reference solution (c) Dilute 5 rnL of reference solution(b)
to 10 mL with erhanol (96 per cen!> R.
Column:
- material: glassor steel;
- size: 1= 4 m, 0 = 2 mm;
- stationary phase: diatomaceous earth for gas

chromatography R, impregnated with a mixture suitable
for the separation of free fatty acids.

Carrier gas nitrogen for chromatography R.

Flow rate 30 mllmin.

Temperature:

Detection Flame ionisation.

**** ** ** ****

148-79-8201.2

(Ph. Eur. monograph 0866)

Tiabendazole

Action and use
Benzimidazole antihelminthic.

~~~__~ ""E<I

DEFINITION
Tiabendazole contains not less than98.0 per cent and not
more than the equivalent of 101.0 per cent of2-(thiazol-4­
yl)-lH-benzimidazole) calculated with reference to the
anhydrous substance.

CHARACTERS
A white or almostwhite, crystalline powder, practically
insoluble in water, slighdy soluble in alcoholand in
methylene chloride. It dissolves in dilutemineral acids.
It melts at about 300 "C.

""Ell _

Protected from light.

IDENTIFICATION
Firsl idemification: B.
Second identifiauion: A, C, D.
A. Dissolve 25 mg in 0.1 M hydrochloric acidand dilute to
100.0 mL with the same acid. Dilute 2.0 mL of the solution
to 100.0 mL with 0.1 M hydrochloric acid. Examined between
230 urn and 350 nm (2.2.25), the solution shows two
absorption maxima, at 243 om and 302 run. The ratioof the
absorbance measured at the maximum at 302 om to that
measured at the maximwn at 243 nm is 1.8 to 2.1.
B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrum obtained with
tiabendazole CRS. Examine the substances prepared as discs.
C. Examine the chromatograms obtained in the test for
related substances in ultraviolet light at 254 run.
The principal spot in the chromatogram obtainedwith test
solution (b) is similar in positionand size to the principal
spot in the chromatogram obtained with reference
solution (a).

80

80 --J 240

240

250

300

Temperatun:
("C)

Time
(min)

0-2

2 - 22

22 - 37

Column

Injection port

Detector
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II-IISO Tianeptine sodium

D. Dissolve about 5 mg in 0.1 kI h}oJrochton'c acid and dilute
to 5 mL with the same acid. Add 3 mg of p-phenylenediamine
dihydrochlon'de R and shake until dissolved. Add 0.1 g of zinc
powderR, mix, allow to standfor 2 min and add 5 mL of
ferric ammonium sulfate solution R2. A bluish-violet colour
develops.

TESTS
Related substances
Exantioe by thin-layer chromatography (2.2.27), using silica
gel HFz 54 R as the coating substance.

Testsoluu'on (a) Dissolve 0.10 g of the substance to be
examined in methanol R and dilute (Q 10 mL with the same
solvent.

Test solution (b) Dilute 2 mL of test solution (a) to 20 mL
with methanol R.

Tianeptine Sodium
(Ph. Bur. monograph 2022)

"" ~~! " . ~C02Na

andenanUomer

CI

458.9

Action and use
Antidepressant.

2022

**** ** ** ****

30123-17-2

methanol Rand dilute to 20 mL with the same solvent.

Reference solutWo (b) Dilute I mL of test solution (b) to
10 mL with methanol R.
Reference solution (c) Dilute I mL of test solution (b) to
25 mL with methanol R.
Apply separately to the plate 20 flLof each solution. Develop
overa path of 15 em using a mixture of 2.5 volumes of
water R, 10 volumes of acetone R, 25 volwnes of glacial acetic
acidRand 62.5 volumes of toluene R. Allow the plate to dry
in airand examine in ultraviolet light at 254 nm. Any spot in
the chromatogram obtained with test solution (a), apart from
the principal spot, is not moreintense than the spot in the
chromatogram obtained with reference solution (b)
(1.0 per cent) and at most'one such spot is moreintense
than the spot in the chromatogram obtained withreference
solution (c) (0.4 per cent).

a-Phenylenediamine
To 5.0 g in a flask fitted with a ground-glass stopper, add
25 mL of a mixture of I volume of methanol Rand
2 volumes of water R. Shake for 3 min. Filter through a
sintered-glass filter (16) (2.1.2) under reduced pressure.
To 10 mL of the filtrate add 0.5 mL of hydrochloric acidR
and 0.5 mL of autylacetone R and shake until the solution is
clear. The solution is not more intensely colowed than
reference solution R7 (2.2.2, Method1) (10 ppm).

Water (2.5.12)
Not more than 0.5 per cent, determined on 1.00 g by the
semi-micro determination of water.

Sulfated ash (2.4.14)
Not more than 0.2 per cent, determinedon 1.0 g.

ASSAY
Dissolve 0.150 g in 30 mL of anhydrous acetic acidR. Titrate
with 0.1 1\1" perchloric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 20.12 mg of
C lOH7N,S.

STORAGE
Store protected from light.

IMPURITIES

A. benzene-lz-diamioe.
_~ Pf>'"

DEFINITION
Sodium 7-[[(lIRS)-3-chioro-6-methyl-6, 11­
dihydrodibenzo[cJJ [1.2]thiazepin-II-yl]antioo]heptanoate S,
S-dioxide.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or yellowish powder, very hygroscopic.

Solubility
Freely soluble ln. water, in methanol and in methyJene
chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

C()ffJparison Ph. Eur. reference spearum of tianeptine sodium.

B. It gives reaction (a) of sodium (2.3.1).

TESTS
Impurity A
Gas cbromarography (2.2.28).

Intemal standard solution Dilute I mL of ethyl
5-bromovalerate R in anhydrous ethanol R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL of the
solution to 250.0 mL with anhydrous ethanol R.
Testsolution Dissolve 0.1000 g of the substance to be
examined in the internal standard solution and dilute to
2.0 mL with the samesolution.
Reference soimUm DissoJve 10.0 mg of tianeptine
impun'ty A CRS in the internal standard solution and dilute
to 200.0 mL with the samesoJution.
Column:
- material: fused silica,
- size: 1== 25 rn, (2) == 0.25 mm,
- suuionaty phase: cyanopropylpolysiloxane R (film thickness

0.2 urn).

Canier gas helium for chromatography R.
Linearvewcity 26 crn/s.
Sp/it ratio 1:100.

Temperature:
- column: 150 "C,
- injection port and detector. 210°C.

Detection Flameionisation.
Injection I ~L.

Run time Twice the retention timeof ethyl 5-bromovalerate.
Systemsuitability Reference solution:
- elution order: ethanol, ethyl5-bromovalerate, impurity A,
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- resolution: minimwn 10 between the peaks due to ethyl
5-bromovalerate and impurity A,

- signal-to-noise ratio: minimum 20 for the peak due to
impurity A.

Limit:
- ;mpun"ty A: not more than the area of the corresponding

peak in the chromatogram obtained with the reference
solution (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mix 50 volwnes of methanolRand
50 volumes of water R.

Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute [0 50.0 mL with
the solvent mixture.
R erence solution a Dilute 1.0 mL of the test solution to

solution to 20.0 mL with the solvent mixture.

Reference solution (b) Dissolve 20 rng of sodium tianepune for
system suitabih"ty CRS in the solvent mixture and dilute to
200 mL with the solvent mixture.

Column:
- size: 1= 0.15 01) 0 = 4.6 mm,
- stationary phase: ocradecylsilyl silica gelfor chromotography R

(3 urn} with a pore size of 0.01 urn,
- temperature: 30 "C.

Mobile phase:
- mobile phase A: mix 21 volumes of methanol Rl,

31.5 volumes of acetonitrile Rl and 47.5 volumes of a
2 gIL solution of sodium laUli/su/fate R, adjusted to pH 2.5
with phosphoric acidR,

- mobile phaseB: mix 20 volumesof methanolRJ,
20 volumes of a 2 gIL solution of sodium laun"lsulfale R,
adjusted to pH 2.5 with phosphoric acidRand 60 volumes
of ccetoninile Rl,

Time Mobile phase A MobUe phase B
(min) (per cent JlIJI) (per cent JIM
0·35 100 o

35 - 45 100 ~ 40 o --> 60
45 -60 4. 6.
60 - 70 40 --> 100 60 --> 0

FIQW rate 1 mlJrnin.

Detection Spectrophotometer at 220 om.

Injection 10 1'1..
Relazive retention with reference to tianeptine (retention
time = about 30 min): impurity C = about 0.4;
impurity D 1 =about 0.6; impurity D2 =about 0.8;
impurity E =about 1.1; impurity B =about 1.7.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

tianeptine and impurity E.

Limits:
- any impurity: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.1 per cent),

- total: not more than 8 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.4 per cent),

- disregard limit area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.05 per cent).

Tianeptine sodium II-lIS!

Water (2.5.12)
Maximum 5.0 per cent} determined on 0.100 g.

ASSAY
Dissolve 0.165 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 Al pnchlQn·c acid} determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acid is equivalent to 22.95 mg of
C21H24CIN2NaO"S.

STORAGE
In an airtight container.

IMPURITIES

and enanOOmer

CI

B. ethyl 7-[[(lIRS)-3-chJoro-6-methyl-6,11­
dihydrodibenzo[c,j] [1,2]thiazepin-ll-yl]amino] heptanoate
S}S-dioxide}

CI

C. 3-chJoro-6-methyldibenzo[c,j] [l,2]thiazepin-II(6H)-one S,
S-dioxide}

D. 7-[[(IIRS)-3-chJoro-6-methyldibenzo[c,j] [I ,2] thiazepin-II
(6H)-ylidene]amino]heptanoic acid S,S-dioxide,

H ~Co,H
. N
~C02.H

and enanliomer

CI

E. 7,7'-[[(I IRS)- 3-<:hJoro-6-methyl-6,1l-dihydsodibenzo[c,j]
[1,2]thiazepin-ll-yl] imino]diheptanoic acid S,S-dioxide.

__~ PhE"
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II-1l52 Tiapride Hydrochloride

Tiapride Hydrochloride
(Ph. BUT. monograph 1575)

364.9

Action and use
Dopamine receptor antagonist; neuroleptic.

Hel

**** ** ** ****

51012-31-0

2022

Limit:
- impun'ty c: any spot due to impurity C is not more

intense than the corresponding spot in the chromatogram
obtained with the reference solution (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve0.100 g of the substance to be
examined in the mobilephase and diluteto 100.0 mLwith
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of n"apride
hydrochloride CRS and 5.0 mg of tiapride N-oxide CRS
(impurity D) in the mohile phase and dilute to 100.0 mL. .

N-[2-(Diethylamino)ethyll-2-methoxy-5­
(methylsulfonyl)benzamide hydrochloride.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
'White or almost white, crystalline powder.

Solubility
Verysoluble in water, solublein methanol, slightly soluble in
anhydrous ethanol.

IDENTIFICATION
A. lufrared absorption spectrophotometry (2.2.24).

Comparison tiapride hydrochlmide CRS.
B. Solution S (see Tests) gives reacrion (a) of chlorides
(2.1.1).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and its absorbance (2.2.25) at
450 nm is not greater than0.030.

pH (2.2.1)
4.0 to 6.0 for solution S.

Impwity C
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.400 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.
Reference solution Dissolve 20.0 mg of metoclopramide
impun·ty E CRS (impurity C) in methanol R and dilure to
50 mL with the same solvent. Dilute 2.0 mL of the solution
to 20 mL with methanol R.
Plate TLC silica gelFm plateR.

lUobik phase concentrated ammonia R, dioxan R, methanol R,
methylene chloride R (2: 10:14:90 VIVIV/V).
Application ro ~L.

Development Over4/5 of the plate.
Drying In air.

Detection Spray with a 2 gILsolution of ninhydn·n R in
butanolR and heat at 100 °C for 15 min.

Retardation factors Impurity C = about 0.1;
tiapride = about 0.6.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped oetylsilyl silica

gelfor chromatography R (5 urn),
- temperature: 40 'C.
Mobile phase Dissolve 5.44 g of potassium dihydrogen
phosphate Rand 0.08 g of sodium oaonesalfonau R in 780 mL
of water R, adjust to pH 2.7 with phosphori< acidR and dilute
to 800 mL with waterR; add 150 mL of methanol Rand
50 mL of acetonitrik R and mix.

Flow rate 1.5 mUmin.
Detection Spectrophotometer at 240 run.
Injection 10 ~L.

Run time 3 times the retention time of tiapride.
Identification of impurities Use the chromatogram obtained
withreference solution(b) to identify the peakdue to
impurity D.

Relative retention With reference to tiapride (retention
time =ahout 7 min): impurity D =about 1.2.

System suitability Reference solution (b):
- resolution: minimum 4.0 between the peaks due to tiapride

and impurity D.

Calculalitm of percentage contents:
- for each impurity, use the concentration of tiapride

hydrochloride in reference solution (a).
Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Loss on drying (2.2.12)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 20 mL of anhydrous acetic add R.
Add 20 mL of acetic anhydride R. Titrate with 0.1 M
perchlotic acid, determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchlaric acid is equivalent to 36.49 mg
of C15H25CIN20 , S.

IMPURITffiS
Specified impurities C.
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2022 Tiaprofenic Acid lI-lIS3

Otherdetectable impurities (thejolkJwing subsran~ would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities ondlor by thegeneral
monograph Subseances fur pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of comp/iance. Seealso5.10. Control oj impun"ties
in substances forphannaceutical use) A, B, D.

A. methyl 2-methoxy-5-(methylsulfonyl)benzoa,e,

o 0
\\ II

IDENTIFICATION
First identification: C.
Second identification: A, B, D.
A. Melting point (2.2.14): 95°C '0 99°C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 25.0 mg in ethanolic hydrochloric acid R
and dilute to 50.0 mL with the same solvent.Dilute 1.0 mL
of this solution to 50.0 mL with ethanoli< hydrochlori< acidR:

Spectral range 220-350 om.
Ahsorptkm maximum 305 om.

Shoulder 262 om.

Specific absorbance at the absorption maximum 550 to 590.

C. Infrared absorption spectrophotometry (2.2.24).

Com rison tia enic add CRS.

OCH,

D. Thin- ayerc omatograp y ..

Test solution Dissolve 10 mg of the substance to be
examined in methylene chloride R and dilute to 10 mL with
the same solvent.
Referena solution (a) Dissolve 10 mg of ,iaprofeni< acid CRS
in methylene chloride R and dilute '0 10 mL with the same
solvent.
Reference solution (b) Dissolve 10 mg of ketoprofen CRS in
methylene chloride R and dilute to 10 mL with the same
solvent. Dilute 1 mL of this solution (0 2 mL withreference
solution (a).

Plate TLC silicagel F'54 plate R.

Mobile phase auric addR, methylene chloride R, acetone R
(1:20:80 VIV/V).

Application I0 ~L
Development Over 3/4 of the plate.

Drying In air,
Detection Examine in ultraviolet light at 254 om.

Retardation tatum Tiaprofenic acid = about 0.3;
ketoprofen = about OA.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated principal

spots.
Results The principal spot in thechromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, Method II).

Dissolve 2.0 g in ethanol (96 per cenO Rand dilute '0 20 mL
with~e same solvent.

Optical rotation (2.2.7)
-0.10° '0 + 0.10°.

Dissolve 0.50 g in ethyl amare R and dilute to 10.0 mL with
the same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobilephase and dilute to 20.0 mL with
the mobile phase.

Reference solntwn (a) Dilute 1.0 mL of the test solution to
50.0 mL with the mobile phase. Dilute 1.0 mL of this
solution '0 10.0 mL with the mobile phase.

33005-95-7

and enanliomer

260.3

PIlE" ~~ ~ _

Action and use
Cyclo-oxygenase inhibitor, analgesic; anti-inflammatory.

Tiaprofenic Acid

B. 2-methoxy-5-(methylsulfonyl)benzoic acid,

__~~~~ PIlE"

D. N-[2-(diethyloxidoaminol)ethyl]-2-methoxy-5­
(methylsulfonyl)benzamide (tiapride N-oxide).

(Ph. Eur. monograph 1157)

C. N,N-diethylethane-I ,2-<1iamine,

DEFINTI10N
(2RS)-2-(5-Benzoylthiophen-2-yl)propanoic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACfERS
Appearance
White or almost white, crystalline powder.

Solubility
PracticaUy insoluble in water, freely soluble in acetone, in
ethanol (96 per cent) and in methylene chloride.
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Reference solution (b) Dilute 5.0 mL of reference solution (a)
to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve 10.0 mg of tiaprofenic acid
impurity C CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase. Dilute 1.0 mL of this solution to
50.0 mL with the mobile phase.

Reference solution (d) Dilute 1 mL of reference solution (a)
to 2 mL with reference solution (c).
Column:
- size: 1= 0.25 ID, 0 =4.6 mm;
- stationary phase: silica gelfor chromatography R (5 11m).
Mobile phase waterfor chromatography R) glacial acetic acid R,
hexane R, methylene chloride R (0.25:20:500:500 VIVIV/V);
add the water £0 the acetic acid, then hexane and methylene
chloride; sonicate the mixturefor 2 min. Do not degas with. . .

demonstration of compliance. See also 5.10. Control cf impurities
it, substances forpharmaceutical use) A, B, D, E, F.

J«'CHJ

A. (5-ethylthiophen-2-yl)phenylmethanone,

____________________ "",<1

312.5

•••• •• •• ••••

andenanliomer

crso S B'

\-1

f "'

r'1rC~H

o
C. (2RS)-2-(5-benzoylthiophen-3-yl)propanoic acid,

o s

JU ::,Co,H and.nanllome,U H
i

·CH3

B. 1-(5-benzoylthiophen-2-yl)ethanone,

D. benzoicacid,

E. (2RS)-2-(thiophen-2-yl)propanoic acid,

F. (5-bromothiophen-2-yl)phenylmethanone.

(Ph. Eur. monograph 1739)

Action and use
Steroid with estrogenic and progestogenic properties.

Preparation
Tibolone Tablets

Tibolone

Flow rate 1 mUmin.

Detection Spectrophotometer at 250 run.
Injection 20 ut,

Run time Twice the retention timeof tiaprofenic acid.
Identification of impurities Use the chromatogram obtained
wi!:h reference solution (c) to identify the peakdue to
impurity C.

Relative retention Withreference to tiaprofenic acid
(retention time = about 14 min): impurity C = about0.86.

System suiUlbr7ity Reference solution (d):
- resolution: minimum 3.0 between thepeaks due to

impurity C and tiaprofenic acid.
Limits:
- impun·ty C: not more thanthe area of the corresponding

peakin the chromatogram obtained with reference
solution (c) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
withreference solution (b) (0.10 per cent);

- sumof impundes other than C: not more than 1.5 times the
area of the principal peakin thechromatogram obtained
withreference solution (a) (0.3 per cent);

- disregard limit: 0.5 times me area of the principal peakin
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum0.5 per cent, determined on 1.000 g by drying in
vacuo at 60 °C for 3 h.

Sulfated ash (2.4.14)
Maximum O. I per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 25 mL of ethat/ol (96 per cent) R.
Add 25 mL of waterRand 0.5 mL of phenolphthalein
solution R. 'Titrate with 0.1 M sodium hydroxide.
I mL of 0.1 M sodium hydroxide is equivalent to 26.03 mg of
C14H1203S,

STORAGE
Protected from light.

IMPURITIES
Specified impurities C.

Other detectable impuruies (thefollowing subseanas oxndd, if
present at a suffident levelJ be detected by one or other of the tests
in the monograph. They are limited by the general acceptance
ctitetion for other/unspedfied impurities and/or by the general
monograph Subseances for pharmaceutical use (2034). It is
therefore not necessary w identify these impurities for
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Ph,,, _
DEFINITION
17-Hydroxy-7,,-methyl-19-nor-17,,-pregn-5(10)-en-20-yn-3­
one.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or crystals.

Solubility
PracticaUy insoluble in water, soluble in acetone and in
methanol.

It shows polymorphism (5.9).

IDENTIFICATION
InIrared abso rion s ctro hotometry (2.2.24).

ompanson . ur. reermce spearum 0 t ne.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined in the minimum
volume of anhydrous ethanolR, evaporate [Q drynesson a
water-bath and record a new spectrum using the residue.

TESTS
Specific optical rotalion (2.2.7)
+ 100 to+ 106 (dried substance).

Dissolve 0.250 g in anhydrous ethanol R and dilute to
25.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Select a brandof acetonitiite such that theformation of possible
artefact peaks, eluting ofier impun'ly C at relatrue retentions 0.6 UJ

0.8, isavoided.
Solvent mixture waterR, acetonitrile R1 (25:75 VII').
Test solution Dissolve 40.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 4 mg of «'bolone for system
suitability CRS (containing impurities A, B, C, D and E) in
1 mL of the solvent mixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: spherical end-capped oaylsilyl silica gelfor

chromatography R (5 urn).
Alobl7e phase methanol R, acetonitrile Rt, waterR
(8:40:52 VIVIV).

Flew rate 1.0 mUmin.

Detection Spectrophotometer at 205 nm.

Injection 5 1'1..
Run time 3 times the retention time of tibolone.

Identification of impurities Use the chromatogram supplied
with tibolone for system suitability CRS and the chromatogram
obtained with reference solution (a) to identify the peaks due
to impurities AJ B, C, D and E.

Relativeretention With reference to tibolone (retention
time =about 14 min): impurity A =about 0.22;
impurity B = about 0.24; impurity C = about 0.58;
impurity D = about 1.12; impurity B = about 2.24.

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 2.0, where Hp =height

above the baseline of the peak due to impurity D and

Tibolone 11-1155

H" =height above the baseline of the lowest point of the
curve separating this peak from the peak due to tibolone.

Limits:
- correction facum: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A =1.7;
impurity B =\.5; impurity C =2.1;

- impurities A, E: for each impurity, not more than
0.1 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.1 per cent);

- impun·ty B: not more than 0.4 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.4 per cent);

- impun"ty C: not more than 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (b) (0.5 per cent);

principal peak in the chromatogram obtained with
reference solution (b) (0.2 per cent);

- unspecified impun"ties: for each impurity, not more than
0.1 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.10 per cent);

- total: not more than the area of the principal peak in the
chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit: 0.05 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 60 mL of tetrahydrofuran R. Add 25 mL
of a 100 w'L solution of silver nitrate R. Titrate with 0.1 M
sodium hydroxide, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M ,odium hydroxide is equivalent to 31. 25 mg of
C21H2S02.

STORAGE
At a temperature of 2 °C to 8 °C.

IMPURITIES
Specified impurities AJ B, CJ D, E.

C~OH

~-o

H a

A. 10, 17-<tihydroxy-7,,-methyl-19-nor-1~17~-pregn-4-en­

20-yn-3-one,
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B. IO-hydroperoxy-I7-hydroxy-7a-methyl-I9-nor-10i;,I7,,­
pregn-4-en-20-yn-3-one,

CHARACTERS
Appearance
White or slightlyyellow, hygroscopic powder.

Solubility
Freely soluble in water, soluble in methanol.

IDENTIFICATION
First identification: A, D, E.
Second identification: B, C, D.

A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 50 mg of the substance to he examined
in I mL of water R, add 0.1 mL of hydrlXhloric acidR1, swirl
and aUow to stand in iced waterfor 10 min. Filterthe
precipitate and rinsewith 2 mL of water R. Dissolve in a
mixture of 1 volumeof water R and 9 volumes of acetone R.
Evaporate the solvent almost to dryness, then dry in an oven

___________________ PhE"

3-00e, Comparison Repeat the operations using ticarciUin
monosodium CRS.

B. Thin-layer chromatography (2.2.27).

Testsdution Dissolve25 mg of the substance to be
examined in methanol R and dilute to 5 mL with the same
solvent.
Reference solution (a) Dissolve 25 mg of ticarciUm
monosodium CRS in methanol R and dilute to 5 mL with me
same solvent.
Reference sdution (b) Dissolve 25 mg of carheniciUin
sodium CRS and 25 mg of marcilJin monosodium CRS in
methanol R and dilute to 5 mL with the same solvent.
Plate TLG silanised silica gelplate R.
Mobilephase Mix 10 volumes of acewneRand 90 volumes
of a 154 gILsolution of ammonium acetate R, adjusted to
pH 5.0 with glacial acetic acid R.
Application 1 f1L.
Deudopmenc Over a path of 12 em.
Drying In a current of hot air.
Detection Exposeto iodinevapour.
System suitability Reference solution (b):

- the chromatogram shows 2 clearly separated spots.
Results The principal spot in the chromatogram obtained
with the test solutionis similar in position, colour and size to
the principal spot in the chromatogram obtained with
reference solution (a).
C. Placeabout 2 mg in a test-tube about 15 cm long and
15 mm in diameter. Moistenwith 0.05 mL of waterR and
add 2 mL of sulfuric acid-formaldehyde reagent R. Mix the
contents of the tube by swirling; the solution is brown. Place
the test-tube in a water-bath for 1 min; a dark reddish-brown
colour develops.
D. It gives reaction (a) of sodium (2.3.1).

E. Specific optical rotation (see Tests).

TESTS
Solution S
Dissolve 2.50 g in codon dio:cide-free waterR and dilute to
50 mL with the same solvent.
Appearance of solution
Solution S is clear (2.2.1) and not moreintensely coloured
thanreference solution Y5 (2.2.2) Method11).'

pH (2.2.3)
5.5 to 7.5 forsolution S.
Specific opdcal rotadon (2.2.7)
+ 172 to + 187 (anhydrous substance).

4697-14-7

and epimerat C·

428.4

H
o ~\co,Na

Na0:2C ..H H1+ CH,

:frN-- CH,
-se, • S

S H H
-'" 0

(ph. Eur. monograph 0956)

PhE" _

Action and use
Penicillin antibacterial.

Preparation
TicarcilJin and Clavulanic Acid Infusion

Ticarcillin Sodium

E. 3,3-dimethoxy-7,,-methyl-19-nor-I7a-pregn-5(10)-en-20­
yn-J7-o1.

D. 17-hydroxy-7p-methyl-I 9-nor-I 7a-pregn-5(1 0)-en-20-yn­
3-00e,

DEFINITION
Disodium (2S,5R,6R)-6-[[(2RS)-2-earhoxylato-2-(thiophen­
3-yl)acetyl]amino]-3,3-dimethyl-7-oxo-4-thia-I-azabicyclo
[3.2.0]heptane-2-carhoxylate.

Semi-synthetic product derived from a fermentation product.

Content
89.0 per cent to 102.0 per cent (anhydrous substance).
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Dissolve 0.250 g in warerR and dilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in mobile phase A and dilute to 25.0 mL with
mobile phase A.

Reference solution (a) Dissolve 20.0 mg of tkarciflin
impurity A CRS in mobile phase A and dilute to 100.0 mL
with mobile phase A. Dilute 5.0 mL of this solution to
50.0 mL with mobile phase A-

Reference solution (b) Dilute I mL of the test solution to
50 mL with mobile phase A-

Column:
- size: 1= 0.25 ffi, 0;;;; 4 mm;
- stationa hase: octad . 1silka R

lUll .
1l1obi/e phase:
- mobile phaseA: 1.3 gIL solution of ammonium phosphare R

adjusted £0 pH 7.0 with phosphoric acid R;
- mobile phaseB: me/hanoi R, mobile phase A (50:50 VfII);

Tim. Alobile phase A Mobile phase B
(min) (per cent YfI.I) (per cent VJ1I)

0-30 100 -. 30 0 ..... 70

30 - 40 30 70

Flow rare 1.0 rnUmin.
Detection Spectrophotometer at 220 nm.

Inje<tion 20 ~L.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between me 2 principal peaks

(diastereoisorners) .
Limits:
- impun"'Y A: not more than twice me area of the principal

peak in me chromatogram obtained with reference
solution (a) (4 per cent);

- any other impun"ty: for each impurity, not more than
1.25 times the area of the principal peak in the
chromatogram obtainedwith reference solution (3)
(25 per cent).

N,N-Dimethylanlllne (2.4.26, Me/hodB)
Maximum 20 ppm.

2-Ethylhexanolc acid (2.4.21!)
Maximum 0.5 per cent mlm.

Water (2.5./2)
Maximum 5.5 per cent, determined on 0.150 g.

Bacterial endotoxins (2.6. / 4)
Less than0.05 IU/mg) if intended for use in the manufacture
of parenteral preparations without 3 further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobilephase. Dilute 10.0 mL of this solution (0

50.0 mL with the mobile phase.

Reference solution Dissolve 50.0 mg of ticarciUin
monosodium CRS in the mobilephase and dilute to 100"0 mL
with the mobile phase. Dilute 10.0 mL of this solution to
50.0 mL with the mobile phase.

Ticarcillin Sodium 11-1157

Cotumn:
- size: 1= 0.25 m, 0 = 4 rnrn;
- stadonory phase: octadecylsi/yl silica gelfor chromatography R

(5 urn).

Mobile phase .Mix 20 volwnes of methanol Rand 80 volumes
of a 1.3 gIL solution of ammonium phosphate R adjusted to
pH 7.0 with phosphoric acid R.
Flow rate 1 mllmin.

Detection Spectrophotometer at 220 nm.

Inje<tion 20~.

Systemsuitability Reference solution:
- resolution: minimum 2.5 between the 2 principal peaks;
- repeatability: maximum relative standard deviation of

1.0 per cent for the 2 peaksdue to ticarcillin after
6 injections.

Calculate the ercenta e content of ticarcillin sodium as the
sumo e areas o e pe sJm pymg econen 0

ticarcillin monosodium by 1.054"

STORAGE
In an airtight container, at a temperature of 2 DC to 8 DC.
If the substance is sterile, store in a sterile,airtight, tamper­
evidentcontainer.

IMPURITIES
Specified impun'ties A.
Otherdetectable impurities (theloIlowing substances would, if
present at a mfficient level, be detected by oneorother of the tests
in the monograph. Theyare limited by the general a«eplance
oitoion for other/unspecified impurities and/or by the general
monograph Substances lor phamuu:eutica/ use (2034). It is
therefore not neassary to identify these impurities for
demonstration of compliance: See also5.10. Control of impurities
in substances forphannaceutical use) B, C, D~ E.

o ~~C~H
)--~- CH,

:Jr
~- - t-t-s CH,

s H H
---' 0

A- (2S,sR,6R)-3,hlimethyl-7-oxo-6- [[(thiophen-3-y))acetyl]
amino]-4-thia-I-azabieydo[3.2.OJ heptane-2-carboxylie
acid (decarboxyticarciUin),

S~C0:2H

B. (thiophen-3-yl)acetic acid,

C. 2-(thiophen-3-yl)propanedioic acid (3-thienylmalonic
acid),

D. (4S)-2-[carboxy[[2-carboxy-2-(thiophen-3-yJ)acetyl]
amino]methyl]-s,s-dimethylthiazolidine-4-carboxylic acid
(penicilloic acids of dcarcillin),
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____________________ PhE"

E. (4S)-2-[[[2-carboxy-2-( thiophen-3-yl)acetyl]
amino]methyl]-5,5-dimethylthiazolidine-4-earhoxylic acid
(penilloic acids of ticarcillin).

Ticagrelor
(Ph. Eur. monograph 3087)

**** ** *
*****

dilute to 100.0 mL with the same solvent. Dilute 1.0 mL of
the solution to 100.0 mL with acetonitrile R. Dilute 1.0 mL of
this solution to 10.0 mL with water R (solution equivalent to
a 24 nglmL solution of impurity E).

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: otlad«ylsilylsilica gelfor chromatography R

(1.8 urn);
- temperature: 55 "C.

MoMe phase:
- mobile phase A: mix 1 volumeof the buffer solution and

89 volumes of waterfor chromatography R and add
10 volumes of acetonitrile for chromatography Rj

- mobile phase B: mix 1 volumeof the buffer solution and
29 volumes of waterfor chromawgraphy R and add
70 volumes of acelOnitn"le for chromatography Rj

Tim. Moblle pbase A Mobile phase B
(min) (per cent VIJ? (per cent VIJ?
0-8 94 6

8-9 94 ...... 0 6 ...... 100
9 - 20 0 100

PhE" _

DEFINITION
( IS.2S,3R,5S) -3- [7- [[(IR,2S)-2-(3,4-Dilluorophenyl)
cyclopropyl] amino]-5-(propylsulfanyl)-3H- [1,2,3] triazolo[4,5­
dJ pyrimidin-3-yl]-5- (2-hydroxyethoxy)cyclopentane-1,2-diot.

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
It is produced by highlysrereoselecttve methods of
manufacture; consideration must be given to the formation of
potential stereoisomeric impurities duringthe manufacturing
process, and procedures must be implemented for the
appropriate control of these impurities.

CHARACTERS
Appearance
White or almost white to pale pink powder.

Solubility
Practically insoluble in water, freely soluble in methanol,
soluble in anhydrous ethanol,practically insoluble in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison ticagrelor CRS.

TESTS
Impurity E
Liquid chromatography (2.2.29).

Buffer solution 156 gIL solution of sodium dihydrogen
phosphate R adjusted to pH 3.0 with phosphonc acidR.

Test solution Dissolve 30.0 mg of the substance to be
examinedin 2 mL of a mixture of equal volumes of
acetomtriie R and waterR and dilute to 10.0 mL with waterR.
Cennifuge for 15 min at about J200 g or until a clear
solution is obtained. Use the clearsupernatant.
Reference solution Dissolve 4.5 mg of ticagrelor
impuniJ- E CRS ((R)-mandelate salt) in acewnitrile Rand

522.6

Action and use
Plateletaggregation inhibitor.

274693-27-5
Flow rate 1.0 mUmin.

Detection Spectrophotometer at 222 om.
Injection: I 00 ~.

Relative retention With reference to ticagrelor (retention
time =about 11.5 min): impurity E =about 0.6.

System suitabr7ity Reference solution:
- repeatability: maximum relative standard deviation of

10.0 per cent determined on 6 injections.
Limit:
- impun'ly E: not more than the area of the principal peakin

the chromatogram obtained with the reference solution
(8 ppm).

Related substances
Liquid chromatography (2.2.29). Carry out the testprotected
from light.
Solventmix"'re acetonitrile R, waterR (35:65 VIV).
Buffer solution 156 gIL solution of sodium dihydrogen
phosphate R adjusted to pH 3.0 with phosphoric acidR.

Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixture and dilute to 100.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 50.0 mg of ticagrelor CRS in
the solventmixture and dilute to 100.0 mL with the solvent
mixture.
Reference solution (b) Dilute 1.0 mL of the test solution £0

100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.
Reierence solution.(c) Dissolve 5 mg of ticogrelor for system
suitability CRS (containing impurities A, B, C and D) in the
solvent mixture and dilute to 10 mL with the solvent
mixture.
Column:
- size: 1= 0.15 m, 0 = 3.0 mm;
- stationary phase: base-deactivated end-capped pheny!si/yl· silica

gelfor chromawgraphy R (3 um);
- temperature: 40 "C.
Mobile phase:
- mobile phaseA: mix 1 volumeof the buffer solution and

89 volumes of waterfor chromatography R and add
10 volumes of acetonitrile for chromatography R;

www.webofpharma.com



2022

- mobile phase B: mix 1 volume of the buffer solution and
29 volumes of waterfor chromatography R and add
70 volumes of acetonitrile for chromatography Rj

Time Mobile phase A MobUe pbase B
(mlo) (per cent VIV) (per cent VIJI)

0-2 80 20

2 - 42 80 -0 25 20 ..... 75

42·47 25 75

Flow ral< 0.65 mUmin.

Detection Spectrophotometer at 242 run.

Inieaion 5 ilL of the test solution and reference
solutions (b) and (e).

Identification of impurities Use the chromatogram supplied
with ticagrelor for system suitability CRS and the chromatogram

impurities AJ B, C and D.
Relative retention With reference to ticagrelor (retention
time = about 23 min): impurity A = about 0.15;
impurity B = about 1.06; impurity C = about 1.23;
impurity D =about 1.5.

Systemsuitability Reference solution (e):
- resolution: minimum 4.0 between the peaksdue to

ricagrelor and impurity B.
Colcukuion of percentage centents:
- correction factor: multiply the peak area of impurity A by

0.5j
- for each impurity, use the concentration of ticagrelor in

reference solution (b).

Limits:
- impuniy D: maximum 0,3 percent;
_ impuniits A, B: for each impurity, maximum 0.2 per cent;
- impuniy C: maximum0.1 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- UJtal: maximum 1.0 per cent;
- reporting rhreshold: 0.05 per cent.

Water (2.5.32)
Maximum0.5 per cent determined on 0.500 g using the
evaporation technique at 130 "C.

Sulfated ash (2.4.14)
Maximwn 0.6 per cent, determined on 1.0 g in a platinum
crucible.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Injeaion Test solution and reference solutions (a) and (c).
Mobile phase Mix I volume of the buffer solutionand
56 volumes of warer for chromawgraphy R and add
43 volumes of cuetoniln1e for chromatography R.
Run time 4.5 times the retention time of ticagrelor.
Relative retention With reference to ticagrelor (retention
time = about 6 min): impurity B = about 1.15.

System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

ticagrelor and impurity B.

Calculate the percentage content of ~J-I2gF2N604S using
the chromatogram obtainedwithreference solution (a) and
taking into account the assigned contentof iKagreior CRS.

STORAGE
Protected from light.

Ticagrelor Il-1l59

IMPURITIES
Specified impurities A, B, C, D, E.

A. (I S,2S,3R,5S)-3-[7-amino-5-(propylsulfanyl)-3H- [1,2,3]
triazolo [4,5-djpyrimidin-3-yl]-5-(2-hydroxyethoxy)
cyclopentane-l,2-diol,

F

B. (IS,2S,3R,5S)-3-[[3-[(IR,2S)-2-(3,4-difluorophenyl)
eyclopropyl]-5-(propylsulfanyl)-3H-[I ,2,3] triazolo [4,5­
djpytimidin-7-yl]amino]-5-(2-hydroxyethoxy)
cyclopentane-I,2-diol,

C.2-[[(IS,2S,3S,4R)-4-[7-[[(lR,2S)-2-(3,4­
difluorophenyl)cyclopropyl]amino]-5-(Propylsulfanyl)-3H­
[1,2,3] triazolo[4,5-dj pyrimidin-3-yl]-2,3­
dihydroxycyclopentyl]oxy]ethyl acetate,

D.2-[((3aR,4S,6R,6aS)-6-[7-[[(IR,2S)-2-(3,4­
difluorophenyl)cyclopropyl]amino]-5-(propylsulfanyl)-3H­
[1,2,3] triazolo[4,5 -d]pyrimidin-3-yl]-2,2­
dimethyltetrahydro-2H,3aH-cyclopenta[dj [1,3]dioxol-4-yl]
oxy]ethan-l-ol,

E. (IR,2S)-2-(3,4-difluorophenyl)cyclopropan-I-amine.
____________________ PhEIl
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Pl>Ert _~ _

Action and use
Inhibition of adenosine diphosphate (ADP)-mediated platelet
aggregation; antiplatelet drug.

Ticlopidine Hydrochloride
(Ph. E"r. monograph 1050)

~oo
CI

300.2

• HCI

**** ** ** ****

53885-35-1

Solvent mixture Mobile phase B, mobile phaseA
(20:80 VIV).

Testsolution Dissolve 0.250 g of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solventmixture.
Reference solution Dissolve 5.0 mg of tidopidine
imp"rityF CRS in the solvent mixture. Add 1.00 mL of the
test solution and dilute to 100.0 mL with the solvent
mixture. Dilute 1.0 mL of this solution to 10.0 mL with the
solventmixture.
Cdumn:
- size: I:::: 0.15 ill, 0 :::: 4.6 mm;
- stationary phase: octade<y/silyl silica gelfor chromatography R

(5 urn);
- temperature: 40 °C.

_om p ase : 0.95 solution 0 sodium pentanesulfonate
monohydrate R, adjusted to pH 3.4 with a 50 per cent VIV
solution of phosphoric acid R;

- mobile phaseB: methanol R1j

Flow rate 1.3 mllmin.

Detection Spectrophotometer at 220 run.
Inj«tion 10 Ill.; injectthe solvent mixture as a blank.
Identification of impurities Use the chromatogram obtained
with the reference solution to identify the peakdue to
impurity F.
Retention time Ticlopidine = about 15 min.
System suitability Reference solution:
- resolution: minimum 2.0 between the peaksdue to

tidopidine and impurity F; if necessary, adjust the pH of
mobilephase Aj

- signal-to-noise ratio: minimum50 for the peakdue to
ticlopidine.

Limits:
- impun·ty F: not more than 0.5 times the area of the

corresponding peak in the chromatogram obtained with
the reference solution (0.05 per cent);

- unspecified impurities: for each impurity, not more thanthe
area of the peakdue to ticlopidine in the chromatogram
obtained with the reference solution (0.10 per cent);

- IOtal: not more than the area of the peakdue to
ticlopidine in the chromatogram obtained with the
reference solution (0.10 per cent);

- disregard limit: 0.5 times the area of the peakdue to
ticlopidine in the chromatogram obtainedwith the
reference solution (0.05 per cent). Do not disregard the
peakdue to impurity F,

Fonnaldehyde
Maximum 20 ppm.

Dissolve 0.200 g in 4.0 mL of oxuer R. Add 0.4 mL of durtte
sodium hydroxide solution R. Centrifuge, filterthe supernatant
through cotton previously impregnated withwater Rand
dilute to 5.0 mL with water R. Transfer to a test-tube.
Add 5.0 mL of acetylacetone reagent RI. Place the tesr-tube in
a water-bath at 40°C for 40 min. The test solutionis not
more intensely coloured than a standard prepared at the
same time and in the same manner using 5.0 mLof a
0.8 ppm solution of formaldehyde (CH,O), obtained by

5-(2-Chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine
hydrochloride.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubillty
Sparingly soluble in water and in anhydrous ethanol, very
slightly soluble in ethyl acetate.

IDENTIFICATION
First identification: B, D,
Second identification: A, C,·D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution (aJ Dissolve 40 mg in waterR and dilute to
100.0 mL with the same solvent.
Test solution (b) Dilute 5.0 mL of test solution (a) to
100.0 mL with water R.

Specrral range 250-350 om for lest solution (a); 200-350 om
for test solution (b).

Absorption maxima At 268 run and 275 run for test
solution (a); at 214 run and 232 run for test solution (b).

Absorption ratio A26s'A275 = 1.1 to 1.2.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison tidopidine hydrochloride CRS.
C. Mix about 6 mg of cilnc acidmonohydrate Rand 0.3 mL
of acetic anhydride R. Add about 5 mg of the substance to be
examined and heat in a water-bath at 80°C. A red colour
develops.
D. About 20 mg gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method II).

Dissolve 0.5 g in a 1 per cent VIV solution of hydrochloric
acidR and dilute to 20 mL with the same solution.

pH (2.23)
3.5 to 4.0.

Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent

Related substances
Liquid chromatography (2.2.29).

Time
(min)

Mobile phase A
(per cent VIJ?

80 --0 20

20

Mobile phase B
(per cent VIJ?

20 --0 80

80
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dilution of jamlaid,hydestandard solution (5 ppm CH,O) R
with waterR. Examine the tubes down their vertical axis.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 15 mL of anhydrous acetic acid R.
Add 35 mL of ""etic anhydride R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).
I mL of 0.1 M perchloric acidis equivalent to 30.02 mg
of C"H15C1,NS.

IMPURITIES
Specified impurities F.

present at a sufficient level, be detected by oneor other of the tests
in themonograph. They arelimited by thegeneral acceptance
criterion for otherhmspecified impurities andlor by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
it, substances forpharmaceutical use) A, B, C, D, E, G, H, I,
s. K, L.

1"""'Ir-\NJ-J
A. thieno[3,2-cjpyridine;

Hq>
o

B. 6,7-dihydrothieno[3,2-ejpyridin-4(5H)-one,

C. (2-chlorophenyl)methanamine,

D. 5-benzyl-4,5,6,7-tetrahydrothieno[3,2-cjpyridine,

r- 1"""'Ir-\
~NJJ

CI

E. 5-(2-chlorobenzyl)thieno[3,2-cjpyridinium,

Tigecycline 1I-1161

QCOCI

G. 5-(3-cWorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-cjpyridine,

H. 5-(4-chlorobenzyl)-4,5,6,7-te trahydrothieno[3,2-ejpyridine,

CI

r- rN~
~NH H lJ

CI

J. N,N'-bis(2-cWorobenzyl)ethane-I,2-diamine,

sr-cr-,
~~~J'--9

CI Cl

K. 2,8-bis(2-eWorobenzyl)-1,2,3,4,6,7,8,9-oetahydrothieno
[3,2-e:4,5-e'jdipyridine (bis-ticlopidine),

~q>
CI 0

L. 5-(2-cWorobenzyl)-6,7-dihydrothieno[3,2-cjpyridin-4(5H)­
one.

____________________ PIIEII

Tigecycline
(ph. Bur. monograph 2825)

L

~oo
CI

F. 6-(2-cblorobenzyl)-4,5,6,7-tetrahydrcthienc[2,3-cjpyridine,

C'9H,,NjO. 585.7

Action and use
Antibacterial.

Preparation
Tigecycline for Infusion

220620-09-7

www.webofpharma.com



II-1162 Tigecycline

PhE" _

DEFINITION
(4S,4aS,5aR,12aS) -9- (2-{tert-Butylamino)acetamido)-4,7-bis
(dimethylamino)-3, 10,12,12a-tetrahydroxy-I,II-dioxo-
1,4,4a,5,5a,6,11J Iza-octahydrorerracene-2-carboxamide.
Semi-synthetic product derived froma fermentation product.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Orange, hygroscopic, crystalline powder.

Solubility
Freelysoluble in water, slightly soluble in anhydrous ethanol
and in heptane.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tigecydine CRS.
If the spectraobtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate [0 dryness and
record new spectra using the residues.

TESTS
pH (2.2.3)
7.7 to 8.2.

Dissolve 0.500 g in carbon dioxide-free waterR and dilute to
50.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Cany out the test protected
from light. Score the solutions ae 2-8 00 and use them within
12 h.

Solution A Solution containing 4.35 gILof dipotassium
hydrogen phosphate Rand 0.5 gIL of sodium hydrogensulftte R
adjusted to pH 8.0 with a 56.1 gIL solution of potassium
hydroxide R.
Testsolution (a) Dissolve 50.0 mg of the substance to be
examined in solution A and dilute to 100.0 mL with
solution A.
Testsolution (b) Dilute 10.0 mL of test solution (a) to
50.0 mL withsolution A.
Reference solution (a) Dissolve 50.0 mg of uge<y<:line CRS in
solution A and dilute to 100.0 mL with solution A. Dilute
10.0 mL of this solution to 50.0 mL with solution A.
Reference solution (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with solution A. Dilute 1.0 mL of this solution to
10.0 mL with solution A.
Reference solution (c) Dissolve 2 mg of ugecydine
impurity B CRS and 2 mg of minocycline hydrochloride R
(impurity C) in solution A and dilute to 25 mL with
solution A. Dilute 3 mL of the solution to 20 mL with
solution A. Dissolve 2.5 mg of tigecyc1ine for system
sut·tability GRS (containing impurity A) in I mL of this
solution and dilute to 5 mL with solution A.
Reference solution (d) Dissolve 2.5 mg of tigecydine for system
suitability GRS (containing imputity A) in solution A and
dilute to 5 mL with solution A.

Column:
- size: 1= 0.15 01, 0 = 4.6 mm;
- stationary phase: end-capped oetadecylsilyl silica gelfor

chromatography R (3 urn);
- temperature: 30 °C.

2022

lWobile phase:
- mobile phaseA: dissolve 4.35 g of dipotassium hydrogen

phosphate Rand 0.93 g of sodium edeuue R in 940 mL of
waterfor chromatography R, and adjust to pH 6.4 with
phosphoric acidR; make up to 950 mL with waterfor
chromatography R and dilute to 1000 mL with autonitrik
for chromatography R;

- mobile phase B: dissolve 4.35 g of dipotassium hydrogen
phosphate Rand 0.93 g of sodium edetate R in 490 mL of
waterfor chromatography R, and adjust to pH 6.4 with
phosphonc acidR; make up to 500 mL with waterfor
chromatography R and dilute to 1000 mL with acetonitrik
for chromatography R;

Time Mobile phase A MobUe phase B
(min) (per cent VIJI) (per cent VIP)

2 - 42 85 --> 57 15 --> 43

42 ~ 57 57 --> 0 43 --> 100

57 w 60 0 100

Fw.o rate 1.0 mllmin.
Detection Spectrophotometer at 248 run.

Injection 25 ~L of test solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with tigecydine for system suitaMityCRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due to impurities A, B and C.
Relative retention With reference to tigecycline (retention
time = about 20 min): impurity B = about 0.6;
impurity A =about 0.7; imputity C =about 1.6.

System roitabiliey Referencesolution (c):
- resolution: minimum 1.6 between the peaks due to

impurities B and A.
Calculation of percentage ron","/$:
- for each impurity, use the concentration of tigecydine in

reference solution (b).

Limits:
- impun·ey A: maximum 0.6 per cent;
- impurity C: maximum 0.2 per cent;
- impurity B: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 1.0 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.32)
Maximum 2.5 per cent, determinedon 60.0 mg using the
evaporation techniqueat 90 °C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Column:
- stationary phase: end-capped oetadet}ofsilyl silica gd for

chromatography R (5 urn).

Mobile phase Mix 14 volumes of acetonitrile for
chromatography Rand 86 volumes of a solution containing
4.35 gIL of dipotassium hydrogen phosphate Rand 0.93 gIL of
sodium edetate R pteviously adjusted to pH 6.2 with phosphoric
acid R.
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Injection 20 J.lL of test solution (b) and reference
solutions (a) and (d).

Run lime 4.5 times the retention time of tlgecycline.

Relativeretention With reference to tigecycline (retention
time =about 12 min): impurity A =about 0.6.

System suitabIlity Reference solution (d):
- resolution: minimum 3.0 between the peaks due to

impurity A and tigecycline.

Calculate the percentage content of C29HJ9NjOs using the
chromatogram obtained with reference solution (a) and
taking into account the assigned content of tigecych"ne CRS.

STORAGE
Under nitrogen, in an- airtight container, protected from light,
at a temperature of 2 °C to 8 "C. If the substance is sterile,
the container is also sterile and tamper-evident.

D. (7S,8R)-3-[2-(le1T-butylamino)acetantido]-7-[[4­
carbamoyl-2-(dimethylamino)-3,5,6-trihydroxyphenyl]
methyl]-6-carboxy-5,8-dihydroxy-N,N-dimethyl-4-oxo­
7,8-dihydronaphthalen-1 (4H)-iminium.

____________________ Pbf"

* ****

255733-17-6318.8

Hemihydrate
(Ph. Eur. monograph 1767)

Action and use
Opioid Analgesic.

DEFINITION
Ethyl (IRS,6SR)-6-(dimethylamino)-3,6-dihydro[I,1 '­
biphenyl]-1(2H)-carboxylate hydrochloride hemihydrate.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

A suitable antioxidant may be added.

CHARACfERS
Appearance
White or almost white, cr:ystaUine powder.

Solubility
Freely soluble in water, very soluble in methylene chloride,
freely soluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tilidine hydrochlonik hemihydrate CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carlxm dioxide-free waterR and dilute to
20 mL with the same solvent"

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2"2.2, 1Hellwd If).

Acidity or alkalinity
To 20.0 mL of solution S add 0.2 mL of 0.01 M sodium
hydroxide. The pH is not less than 4.1. Add 0.4 mL of
0.01 M hydrochloric add. The pH is not more than 4.3.

Phf" _

Nfl,

o

OH

A. (4R,4aS,5aR,12aS)-9-[2-(cerc-butylamino)acetantido]-4,7­
bis(dimethy1amino)-3, I0, 12,12a-tetrahydroxy-1.Ll-dioxo­
I,4,43]5,5a,6,11, 12a-octahydrotetracene-2-carboxamide,

The label states, where applicable, that the substance is
suitable for use in the manufacture of parenteral
preparations.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impurities (thefollowing substances would, if
present a't:a $ujficientlevel, bedetected by oneor otherof the tests
in the monograph, They arelimitedby tire general acceptance
cruerum for other/unspedfied impumies and/or by thegeneral
monograph Substances for pharmaceutical us, (2034). Ie is
therefore Plot necessary to idemi}y these impurities for
demonstration ofcompliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) D.

B. (4S,4aS,5aR, 12aS)-9-amino-4,7-bis(dimethylamino)­
3,10,12, I2a-tetrahydroxy-I,II-dioxo-1 AAa,5,5a,6, II, 12a­
oetahydrotetracene-2-earboxamide (9-aminominocycline),

c. (4S,4aS,5aR, 12aS)-4,7-bis(dimethylamino)-3,10,12, 12a­
rerrahydroxy-I, 11-dioxo-l,4,4a,5,5a,6,11, 12a­
octahydrotetracene-z-carboxarnide (minocycline),
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Related substances
Liquid chromatography (2.2.29). Prepare the solutions
jmmeJiauly before use.
Testsolution Dissolve 50.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve 5 mg of tiMinefor system
suitabl7ity CRS (containing impurities D and E) in the mobile
phase and dilute to 5 mL with the mobile phase.

Prerolumn:
- size: J=4 mID) {2} =4.0 mrn;
- stationary phase: octadecylsilyl silica gelfor

IMPURITIES
Specified impurities E.

Otherdetectable impun"ties (thefollowing substances -uouid, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for otherhmspecified impurities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impun'ties
in substances for phannaceutica/ use) A.. B.. C.. D.

andeneouome-

D. ethyl (2RS)-3-(dimethylamino)-2-phenylpropanoate,

-------------------,"'"

andenanllomer

A. ethyl (lRS,6RS)-6-(dimethylamino)-3,6-dihydro[I,1 r:

biphenyl]-I (2H)-carboxylate,

B. methyl (IRS,6SR)-6-(dimethylamino)-3,6-dihydro[I,1 '­
biphenyl)-I (2H)-carboxylate,

C. ethyl (lRS,6SR)-6-(methylamino)-3,6-dihydro[I,1 '­
biphenyl)-I (2H) -carboxy late,

E. ethyl (IRS,6SR)-6-(dimethylamino)-3-oxo-3,6-dihydro
[I, I '-biphenyl)-l (2H)-carboxylate.

Column:
- size: I;;;; 0.125 m) 0 ;;;; 4.0 mm;
- stationary phase: tXtadecy/sl1yl suica gelfor

chromatography R1 (5 um),

Mobile phase lvlixequal volumes of acetonitrile for
chromatography R and a 0.98 gIL solution of ammonium
carbonate R.
Flow rate 0.8 mUmin.

Deuaion Spectrophotometer at 220 om.

Injection 10 ~L.

Run time Twice the retention timeof tilidine.
Idendfiauion of impurities Use the chromatogram supplied
with tiHdine for system suitability CRS and the chromatogram
obtained withreference solution (b) to identify the peaks due
to impurities D and E; impurities D andE maybe inverted
in the elution order) therefore take into account the heights
of the corresponding peaks in the chromatogram supplied
with tuidine for system suitabity CRS.

Relative retention With reference to tilidine (retention
time = about 15 min): impurity E = about O.4i
impurity D = about 0.5 CD and E may be inverted).

Systemsuitabuity Reference solution (b):
- resolurion: minimum 1.5 between thepeaks due to

impurities E and D.
Calculation 01percentage contents:
- C01TeClum factor: multiply the peakarea of impurity E by

0.5;
- for each impurity) use the concentration of tilidine

hydrochloride hemihydrate in reference solution (a).

Limits:
- impun·ty E: maximum 0.15 per cent;
- unspecified impun"ties: for eachimpurity, maximum

0.10 per cent;
- ectal: maximum 0.5 per cent;
- reponing threshold: 0.05 per cent.

Water (2.5.12)
2.5 per cent to 3.1 percent) determined on 0.300 g.

ASSAY
Dissolve 0.250 g in a mixture of 10 mL of anhydrous acetic
acidR and 50 mL of acetic anhydride R. Titrate with 0.1 M
perchloric (Kid) determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 30.98 mg
of C17Hz.CINOz.

STORAGE
Protected from light.
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Timolol Maleate
(Ph. Eur. monograph 0572)

432.5

**** •* •
* ****

26921-17-5

Timolol Maleate II-1I6S

3 quantities, each of 5 mL, of ether R. To 0.1 mL of the
aqueous layer add a solution containing 10 mg of resorcinol R
in 3 mL of sulfuric acid R. Heat on a water-bath for 15 min;
no violet-red colourdevelops. Neutralise the remainder of the
aqueous layer with dilute su/furic acidR and add I mL of
bromine water R. Heat on a water-bath for 15 min, then heat
to boiling and cool. To 0.2 mL of this solutionadd a
solution containing 10 mg of resorcinol R in 3 mL of su/jinic
acid R. Heat on a water-bath for 15 min; a violet-red colour
develops. Add 0.2 mL of a 100 gIL solution of potassium
bromide R and heat for 5 min on a water-bath; the colour
becomesviolet-blue.

Action and use
Beta-adrenoceptor antagonist.
For Timolol Eye Drops only: treatment of glaucoma.

a ali ns
orzo arm e an uno 0 ye oops

Timolol Eye Drops

Timolol Tablets

""Ell _

DEFINITION
(2S)-1-[(I,I-Dimethylethyl)amino]-3-[[4-(mOlpholin-4-yl)­
1,2,5-thiadiazol-3-yl]oxy]propan-2-ol (Z}-butenedioate.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder or colourless
crystals.

Solubility
Soluble in water and in ethanol (96 per cent).

mp
About 199°C, with decomposition.

IDENTIFICATION
First identification: A, B.

Second identificaticm: A, C, D.
A. Specific optical rotation (2.2.7): -6.2 to -5.7.

Dissolve 1.000 g in 1 M hydrochlori< acid and dilute to
10.0 mL with the same acid.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison timolol maleate CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 5 mg of the substance [Q be examined
in methanol R and dilute to 5 mL with the same solvent.
Reference solution Dissolve 5 mg of 'imolol maleate CRS in
methanol R and dilute to 5 mL withthe same solvent.
Plate TLC silica gelGFzS4 plate R.
iWobl1e phase concentrated ammonia R, methanol R, methylene
chloride R (I:20:80 VIVII').

ApplicatWn 10 ~L.

Development Over 2/3 of the plate.

Drying In air.
Detection Exposeto iodine vapour for 2 h.
Results The principal spot in the chromatogram obtained
with the testsolutionis similar in position, colour and size to
the principal spot in the chromatogram obtainedwith the
reference solution.
D. Triturate 0.1 g with a mixture of I mL of dilute sodium
hydroxide solution R and 3 mL of water R. Shake with

TESTS
Solution S
Dissolve0.5 g in carbon dioxide-free water R and dilute to

25 mL with the same solvent.

SolutionS is clear (2.2.1) and not more intensely coloured
thanreference solutionBa (2.2.2.) Method11).

pH (2.2.3)
3.8 to 4.3 for solutionS.

Enantlomerlc purity
Liquid chromatography (2.2.29). Cony out the test protected
from actinic lighl
SoI",nt mixture methylene chloride R, 2-propanol R
(10:30 VIV).

Testsolution Dissolve 30.0 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
RejerenusolutWn (a) Dissolve 30 mg of timolol maleate CRS
in the solventmixture and dilute to 10 mLwith the solvent
mixture.
Reference solution (b) Dissolve 3 rng of (R)-timolol CRS
(impurity A) in the solventmixture and dilute to 10.0 mL
with the solvent mixture. Dilute 1.0 mL of the solution to
10.0 mL with the solventmixture.
Reference solution (c) Dilute 1 mL of reference solution (a)
to 100 mL with the solvent mixture. Mix I mL of this
solutionwith 1 mL of reference solution (b).

Reference solution (d) Dilute 1.0 mL of the test solution to
100.0 mL with the solventmixture.
Column:
- size: 1= 0.25 m, (2) = 4.6 rnm;
- stationary phase: cellulose den'vative of silica gelfor chiraJ

separation R (5 urn).

Mobile phase diethylamine R, 2-propanol R, hexane R
(2:40:960 VIVIV).
F/(,w rale 1 mUmin.
Deteaion Spectrophotometer at 297 ron.
Inj«tion 5 ~L.

Elution order 'Impuriry A is eluted first.
System suitability:
- resolution: minimum 4.0 between the peaks due to

impurity A and the (S)-enantiomer in the chromatogram
obtained with reference solution(c);

- the retention times of the principal peaksdue to the
(S)-enantiomer in the chromatograms obtained with the
teat solution and reference solution (a) areidentical.

Limir.
- impun't;y A: not more man the area of the principal peak

in the chromatogram obtained with reference solution (d)
(1.0 per cent).

www.webofpharma.com



II-lI66 Timolol Maleate

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in mobile phase A and dilute to 20 mL with
mobile phase A.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solution (b) Dissolve 3 mg of timolol
impun"ty F CRS in methanol R and dilute to 20.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
mobile phase A (solution A). Dissolve the contents of a vial
of timolol for system suitabilityCRS (containing impurities BJ

C and D) in 1.0 mL of solution A.

Reference solution (c) Dissolve 2 mg of the substance to be
examined and 20 m of maleic acidR in 10 mL of

2022

- total: not more than 4 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.4 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent); disregard any peak due to maleic acid.

Loss on drying (2.2.12)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 60 mL of anhydrous acetic acidR. Titrate
with 0.1 M perch/one acid, determining the end-point
potentiometrically (2.2.20).

acetomtn e . vaporate moe so u on 0 ess
under a stream of nitrogen R in an amber glass vial. Heat the
open vial at 105 DC for 1 h. Reconstitute the residue with
1.0 mL of mobile phase A (in situ preparation of impurity E)"

Column:
- size: l;;;; 0.150 m, 0 = 3.9 mm;
- suuionatyphase: octade<y/silyl silica gelfor ehromatagraphy R

(5 urn).

Mobile phase:
- mobile phase A: mixture of equal volumes of methanol R

and a 4.32 gIL solution of sodium oaanesulfonate R
previously adjusted to pH 3.0 with glacial acetic acidR;

- mobile phaseB: methanol R;

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 295 nm.

Injection 20 ~L.

Identification of impurities Use the chromatogram supplied
with timolol for system suitability CRS and the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities B, C, D and F; use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity E.

Relative retention With reference to timolol (retention
time =about 7.5 min): maleic acid > about 0.1;
impurity D = about 0.3; impurity E = about 0.4;
impurity B =about 0.7; impurity F =about 0.8;
impurity C = about 2.1.

System suitabiliry Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

impurities Band F"

Limits:
- WlTUtWn factor: for the calculation of content, multiply the

peak area of impurity D by 0.6;
- impurities B, C, D, E, F: for each impurity, not more than

twice the area of the principal peak in the chromatogram
obtained with reference solution (a) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

Tim.
(min)

0·10

10-11
11 - 20

Mobile phase A
(per cent VIP)

97"5

97.5 ..... 70

70

Mobile phose B
(per cent VIP)

2.5

2.5 ..... 30

30

of C]7H28N..0 1S.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D, E, F.
Otherdete<table impurities (thefollowing substances would, if
present at a suffident level, bedetected by oneorother of the tests

in the monograph. They are limited by thegeneral aueprance
ctitetion for other/unspecified impun'ties and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not n«essaryto identify these impurities for
demonstration of compliance.' See also 5.10" Control of impurities
in substanasfor phannaceutical use) G, H, 1,J.

A. (2R)-1-[( I, l-dimethyle thyl)amino]-3- [[4-(morpholin-4-yl)­
l,2,5-thiadiazol-3-yl]oxy]propan-2-01 «R)-timolol),

OH
,S-N ~H

Ny\ .'NCH

o ........'1\ and enantiomereN H3C CH3

)
B. (2RS)-3-[(I,I-dimethylethyl)aminoj-2-[[4-(morpholin-4­

yl)-I ,2 ,5-thiadiazol-3-yl]oxy]propan-1-01,

and enanUomer

C. (2RS)-N-(I,I-dimethylethyl)-2,3-bis[[4-(morpholin-4-yl)­
l,2,5-thiadiazol-3-yljoxy]propan-I-amine,
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Tinidazole
(Ph. Eur. monograph 1051)

PhE" _

19387-91-8241.3

Action and use
Antiprotozoa1; antibacterial.

D.4-(morpholin-4-yl)-1,2,5-thiacliazol-3-01,

F. 4-(4-chloro-I,2,5-thiadiazol-3-yl)morpholine,

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Almostwhite or pale yellow, crystalline powder.

Solubility
Practically insoluble in water, soluble in acetone and in
methylene chloride) sparingly soluble in methanol.

IDENTIFICAnON
First identification: A, C.
S«01Jd hlemijitacion: A, B, D, E.
A. Melting point (2.2.14): 125 "C to 128 "C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 10.0 mg in methanol R and dilute to
100.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 10.0 mL wirh methanol R.

Spmco1 range 220-350 run.

Absorption maximum At 310 run.

Spedjic absorbance at the absorption maximum 340 to 360.
C. Infrared absorption spectrophotometry (2.2.24).

Comparison tinidazole CRS.
D. TItin-layer chromatography (2.2.27).

Testsolution Dissolve 20 mg of the substance to be
examined in methanol R and dilute [0 10 mL with the same
solvent.
Reference sohuion Dissolve 20 mg of tinidazole CRS in
methanol R and dilute to 10 mL with the same solvent.

Piate TLC sHica gelGF254 plate R.
Pretreatment Heat at 110 °C for 1 h and allow to cool.

Mobile phase buconol R, ethyla<eCOte R (25:75 VIV).

Applicaticn ro J'L.
Development Over 2/3 of the plate.

Drying In air.

Deuaion Examinein ultraviolet lightat 254 nm.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size [0' the
principal spot in the chromatogram obtained with the
reference solution.
E. To about 10 mg add about 10 mg of zinc ponder R,
0.3 mL of hydrochlmic add R and I mL of waterR. Heat in a
water-bath for 5 min and cool. The solution gives the
reaction of primary aromatic amines (2.3.1).

DEFINITION

and enantiomer

G. 4-(morpholin-4-yl)-1,2,5-thiacliazol-3(2H)-<lne I-oxide,

H.2-[(2RS)-3-[(I,I-dimethylethyl)amino)-2-hydroxypropyl]­
4-(morpholin-4-yl)-1,2,5-thiacliazol-3(2H) -one,

1. (2RS)-I-(ethylamino)-3-[[4-(morpholin-4-yl)-1,2,5­
thiacliazol-3-yl]oxy)propan-2-01,

____________________ PhE<I

J. 1,1'-[1 ,2,5-thiacliazol-3,4-<!iylbis(oxy)]bis[3-[(I ,1­
dimethylethyl)amino]propan-z-oll.
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11-1168 Tinzaparin Sodium 2022

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
man reference solutionYj (2.2.2" Method II).

Dissolve 1.0 g in cu:el<mtR and dilute to 20 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29). Protec so/mions from /igh,.
Test solution Dissolve 10.0 mg of the substance to be
examined in 10.0 mL of methanol R and dilute to 100.0 mL
with the mobile phase.

Reference sdution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 5.0 mg of tinidazole

I mL of O. / M perchloric acid is equivalent to 24.73 mg of
CsH 13N3o.aS.

STORAGE
Protected from light.

Lm>URITIES
Specified impuriues A, B.

A. 2-methyl-5-nitro-lH-imidazole,

o 0
" IJS CH3

CH,

B. 1-[2-(ethylsulfonyl)ethyl]-2-methyl-4-nitro-1H-imidazole.

PIIEII _

DEFINITION
Tinzaparin sodium is the sodium salt of a low-molecular­
mass heparin that is obtained by controlled enzymatic
depolymerisation of heparin from porcine intestinal mucosa
using heparinase from Flavobacterium heporinum.
The majority of.the components have a 2-Q-sulfo-4­
enepyranosuronic acid structure at the non-reducing end and
a 2-N,6-0-disulfo-o-glucosamine structure at the reducing
end of their chain.
Tinmporm sodium complies with themonograph on Low­
molecular-mas, heparins (0828) wi'h the modifications and
additional requirements below.
The mass-average relative molecular mass ranges between
5500 and 7500 with a characteristic value of about 6500.

The degree of sulfatation is 1.8 to 2.5 per disaccharide unit.
The potency is not less than70 IU and not more than
120 IV of anti-factor Xa activity per milligram calculated
with reference to the dried substance. The ratioof the anti-

Action and use
Low molecularweight heparin.

Preparation
Tinzaparin Sodium Injection

O"'s~a

n=11025. R=HorS~Na. R"=HorS03NaorCo-CH3
R2 = Hand R3 = C~Na or R2 '"C02NaandR3 = H

(Ph. Eur. monograph 1271)

__________________ 'Mil

Tinzaparin Sodium

10.0 mL of methanol R and dilute to 100.0 mL with the
mobile phase. Dilute 2.0 mL of this solution [0 10.0 mL
with the mobile phase.
Reference solution (c) Dilute 1.0 mL of reference solution (h)
to 50.0 mL with the mobile phase.

Golumn:
- size: I;;;; 0.25 m, 0 = 3.0 mm;
- stationary phase: ocly/si/y/ silica gelfor chromatography R

(5 ~m).

Regular column conditioning by subsequent flushing with
50 mL of waterR, 100 mL of methanol RJ 25 mL of waterR
and 100 mL of the mobile phase is recommended.

Mobile phase acetonitrile R} methanol RJ waterR
(10:20:70 VIVIV).

Flow rate 0.5 mUmin.

Detection Spectrophotometer at 320 run.
Injection 20 ~L.

Run time 1.5 times the retention time of tinidazole.
Relative retention With reference to tinidazole (retention
time = about 6 min): impurity A = about0.6;
impurity B =about 0.7.

System suitability Reference solution (b):
- resolution: minimum 2.0 betweenthe peaksdue to

impurities A and B.
Limits:
- impurities A, B: for each impurity, not more thanthe area

of the corresponding peak. in the chromatogram obtained
with reference solution (c) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak. in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than4 times the area of the principal peak.
in the chromatogram obtained withreference solution (a)
(0.4 per cent);

- disregard limit: 0.5 times the area of the principal peak. in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4. 14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 25 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchlonc acid,determining the end-point
potentiometrically (2.2.20).
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factorXa activity to anti-factor IIa activity is between 1.5 and
2.5.

IDENTIFICATION
Carry out identification test A as describedin the monograph
Low-molecular-mass heparins (0828) using tmzaparin
sodium CRS.
Carry out identification test C as described in the monograph
Lots-molecular-mass heparins (0828). The following
requirements apply.

The mass-average relative molecular mass ranges between
5500 and 7500. The mass percentage of chains lower than
2000 is not more man 10.0 per cent. The mass percentage of
chains between 2000 and 8000 ranges between 60.0 and
72.0 per cent. The mass percentage of chains above 8000
ranges between 22.0 and 36.0 per cent.

Comparison Ph. Eur. reference spearum of tioconazole.

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 2.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of tioconazole for system
suitability CRS in the mobile phase and dilute to 2.5 mL with
the mobile phase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mID,

---- PhE"

PhE" _

Tioconazole

chromawgraphy R (5 urn) with a specific surface area of
170 m2/g, a pore size of 12 run and a carbonloading of
10 per cent.

Mobile phase Mix I volume of a 1.7 gIL solution of
tetrabutylammonium dihydrogen phosphate R previously
adjusted to pH 7.4 with dilute ammonia R2 and 3 volumes of
methanol R.
Flow rate 1 mUmin.

Detection Spectrophotometerat 218 om.

Injection 20 1l1..
Run time 2.5 times the retention time of tioconazole.
System suitability Reference solution (b):
- resolution: minimum 1.0 between the peaks due to

impurity B and impurity C (locate impurities A, Band C
by comparison with the chromatogram provided with
tioconazole for system suitability CRS).

Limits:
- correction factors: for the calculation of contents, multiply

the peak areas of the following impurities by the
correspondingcorrectionfactor: impurity B = 1.7,
impurity C =1.7.

- impuriues A} B, C: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained with referencesolution (a)
(0.3 per cent),

- unspecified impuniies: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent),

- lOtal: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(1.0 per cent),

- disregard limit: 0.25 times the areaof the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.00 g.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of anhydrous aceti< acidR. Titrate
with 0.1 M perchlori< acid, determining the end-point
potentiometrically (2.2.20).

I mL of O. 1 M perchlonc acid is equivalent to 38.77 mg
of C,.H13CI,N20S.

65899-73-2387.7

(Ph. Eur. monograph 2074)

Action and use
Antifungal.

Preparation
Tioconazole Nail Solution

Appearance of solution
Dissolve 1.0 g in 10 mL of waterR. The solution is clear
(2.2.1) and not more intensely coloured than intensity 5 of
the rangeof reference solutions of the most appropriate
colour (2.2.2, Method II)

Absorbance (2.2.25)
Dissolve 50.0 mg in 100 mL of 0.01 M hydrochlori< acid.
The specific absorbance, measuredat 231 nm and calculated
with reference to the dried substance, is 8.0 to 12.5.

DEFlNTIJON
1-[(2RSJ-2-[(2-CWorothiophen-3-y])methoxy]-2-(2,4­
dicWorophenyl)ethyl]-IH-imidazole.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Very slightlysoluble in water,verysoluble in methylene
chloride, freely soluble in alcohol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).
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Tioguanine

Action and use
Purine analogue; cytostatic.

Preparation
Tioguanine Tablets

STORAGE
Protecied from light.

IMPURITIES
Specified impurities A, B, C.
Otherdetectable impun'ties (thefollowing substances would, if
present at a sufficient level, hedaected by oneor other of the tests
in the monograph. They are limited by thegeneral a«eptame
ctiterion for otherlunspecified impurities and/or by the general
monograph Substances for phannaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. Seealso5.10. Control of imptmues
in substances for pharmaceutical use) D.

CI

C,H,N,S

5

:tH
HN N
A I );

H,N N N

167.2 154-42-7

____________________ PhE..

D. (1R,SJ-I-(2,4-dichlorophenyl)-2-( IH-imidazol-I-yl)
ethanol.

A. 1-[(2RS) -2-(2 ,4-dichlorophenyl)-2- [(thlcphen-3-yl)
methoxy)ethyl]-I H-imidazole,

Tioguanine is 2-ammopunne- ~ one. t con IDS no
less than 96.0% and Dot more than 102.0% of C5HjNjS,

calculated with reference (0 the dried substance.

CHARACTERISTICS
A paleyellow, crystalline powder.
Practically insoluble in water and in ethanol (96%).
It dissolves in dilute solutions of alkali hydroxides.

IDENTIFICATION
Heat a suitable quantity at 1050 at a pressure not exceeding
0.7 kPa for 5 hours. The infrared absorption spectrum of the
residue, Appendix II A, is concordant with the reference
spectrum of tioguanine (RS 340).

TESTS
Phosphate
To 0.5 g add 2 mL of 5M su{furic acidand heat on a water
bath for 5 minutes. Add, dropwise, 5 mL of niuic acidand
continue heating until a clear solution is obtained. Cool and
add 10 mL of waterand 0.75 mL of a solotion prepared by
dissolving 8.3 g of ammonium molybdate in 40 mL of water
and adding 33 mLof 5Msulftm'c acidand sufficient water to
produce 100 mL Add 1.0 mL of strong
aminohydroxynaphtha1enesulfonit. acid solution, mix and dilute
to 25 mL withwater. Measure the absorbance of the resulting
solutionat 820 nm, Appendix II BJ usingin the reference
cell a solution prepared in. the samemanner but omitting the
substance beingexamined. The absorbance is not more than
that obtained by treating 1.5 mL of phosphate standard
solution (JOO ppm PO.,) in the samemanner, beginning at the
words 'add 10 mL of water ...'.

Free sulfur
Dissolve 50 mg in 5 mL of 1M sodium hydroxide.
The solution is clear, Appendix N A.

Related substances
Carry out the method for liquidchromarography,
Appendix III DJ using the following solutions.
(I) Dissolve 40 mg of the substance being examined in
100 mL of O.OIMsodium hydroxide and dilute I volume of
the resulting solution to 2 volwnes with the mobile phase.
(2) Dilute I volume of solntion (I) to 100 volumes with a
mixture of I volume of O.OIM sodium hydroxide and
9 volumes of the mobile phase. Further dilute 1 volume of
the resulting solution to 5 volwneswith the samesolvent
mixture.
(3) Dissolve 12 mg ofguanine BPCRS in 100 mL of
O.OIM sodium hydroxide and dilute 1 volume of the resulting
solution to 20 volumes with the mobile phase.

andenanliomer

andenanliomer

andenantiomer

andenanliomer

a~'
H •

HO~
N()

N

CI M
CI

s~o~
yJ ,(N)

Cl 'LN

CI

CI CI;Q

s¥o~
yJ N., (j

B. 1- [(2RS)-2-(2 ,4-dichlorophenyl)-2- [(2,5-dichlorothiophen­
3-yl)methoxy]ethyl]-IH-imidazole,

C. 1-[(2RS)-2-[(5-bromo-2-chlorothiophen-3-yl)methoxy)-2­
(2,4-dichlorophenyl)ethyl)-IH-imidazole,
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2022 Tiotropium Bromide Monohydrate 11-1171

PhE" ~ _

Tiotropium Bromide Monohydrate

411207-31-3490.4

Action and use
Anticholinergic (antirnuscarinic) bronchodilator.

(Ph. Eur. mouograph 2420)

DEFINITION
(IR,2R,4S,5S,7s)-7-[[Hydroxy[di(thiophen-2-yl)]acetyl]oxy)­
9,9-dimethyl-3-oxa-9-azatricyc1o[3.3.1.02J4]nonan-9-ium
bromide monohydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor yellowish-white powder or crystals.

Solubility
Sparingly soluble in water, solublein methanol, practically
insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tiorropium bromide mouohydrate CRS.
B. It gives reaction (a) ofbrontides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2JMethod I/).
Dissolve 0.2 g in waterR and dilute to 20 mL with the same
solvent.

Impurities G and H
Thin-layer chromatography (2.2.27). Prepare the solUlions
immediately before use.
Solvent mixture Dilute 1 volumeof a 103 gILsolution of
hydrochlori< aiid R to 100 volumes with methauol R.

Testsolution Dissolve0040g of the substance to be
examined in the solvent mixture and dilute to 10 mL with
the solventmixture.
Reference sdution (aJ Dissolvethe contents of a vial of
tiorropium impun",y mixture CRS (containing impurities G
and H) in 1.0 mL of the solvent mixture.
Reference solution (b) Mix 0.1 mL of the test solution with
0.1 mL of reference solution (a).
Plate TLC silica gelF254 plateR (2-10 urn).
Afobile phase 'alater RJ anhydrous formic acid RJ acetonitrile RJ

methykne chloride R (10:15:35:50 VIVIV/V).

DETER.MlNATION OF CONTENT

Calculate the contentof C5H5N"S in the substance being
examined from me chromatograms obtained and using the
declared content of CSH5NsS in tioguattine BPCRS.

(4) Dissolve 40 mg each of tioguanine BPCRS and
guanine BPCRS in 100 mL of a.OIM sodium hydroxide and
dilute 1 volumeof the resulting solution to 10 volumes with
the mobilephase.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (5 em x 4.6 mm) packed
with ocladecy/sily/ silica gelfur chromatography (5 ~m) (Waters
Atlantis dC18 is suitable).
(b) Use isocratic elution and the mobile phase described
below.
(c) Use a flow rate of 2 rnLper minute.
(d) Use an ambient column temperature.
(e) Use a detectionwavelength 0£248 run.
(f) Inject 10 ~L of each solution.

MOBILE PHASE

. M an rouss rum, wgen ort op osp ale a juste to
pH 3.0 with orthophosphoric acid.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (4)J the resolution factor between the peaks due
to tioguanine and guanineis at least 3.0.

LIMITS'

In the chromatogram obtained with solution (I):
the area of any peakcorresponding to guanine is not greater
than the area of the principal peak in the chromatogram
obtained with solution (3) (3%);
the area of any other secondary puzk is not greater thanthe
area of theprincipal peak in the chromatogram obtained with
solution (2) (0.2%);
the sum of the areas of any other secondary peaks is not
greater man 2.5 times the area of the principal peak in the
chromatogram obtained with solution (2) (0.5%).
Disregard anypeakwith an area less than 0.25 times the area
of the principal peakin the chromatogram obtained with
solution (2) (0.05%).

Loss on drying
When dried at 105° at a pressure not exceeding 0.7 kPafor
5 hOUlSJloses not more than 1.0% of its weight. Use 1 g.

ASSAY
Carry out the method for liquid chromatography,
Appendix III D, using the following solutions.
(I) Dissolve 40 mg of the substance being examined in
100 mL of 0.01.... sodium hydroxide and dilute I volume of
the resulting solution to 10 volumes with the mobilephase.
(2) Dissolve 40 mg of tioguanine BPCRS in 100 mL of
O.OIM sodium hydroxide and dilute I volume of this solution
to 10 volumes with the mobile phase.
(3) Dissolve 40 mg each of tioguanine BPCR{i and
guanine BPCRS in 100 mL of 0.01.... sodium hydroxide and
dilute 1 volumeof the resulting solution to 10 volumes with
the mobilephase.

CHROMATOGRAPHIC CONDITIONS

The chromatographic conditions described underRelated
substances may be used.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (3)J the resolution factor between the peaks due
to tioguanine and guanine is at least 3.0.
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II-l172 Tiotropium Bromide Monohydrate

Application 10 J.1L of the test solution and reference
solution (a), and 20 JlL of reference solution (b).
Development Over 2/3 of the plate.
Drying In air.
Detection Expose to iodine vapouruntil the spots areclearly
visible (about 15 min); remove the plate and examine
immediately.
Retardation factors Impurity G =about 0.33;
impurity H =about 0.3B; tiotropiurn =about 0.64.

System suitabiHty Referencesolution (b):
- the chromatogram shows3 clearly separated spots.
Limits:
- impurity G: any spot due to impurity G is not more

intense than the corresponding spot in the chromatogram
obtained withreference solution (a) (0.1 per cent);

- Impunty : any spo u . .
intense than the corresponding spot in the chromatogram
obtained with reference solution (a) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29). fupare the sohuions protected
from light.
Test solution Dissolve 50.0 mg of the substance £0 be
examined in mobile phase B and dilute to 25.0 mLwith
mobile phase B.
Reference solution (a) Dilute 1.0 mLof the test solution to
100.0 mL with mobile phase B. Dilute 1.0 mL of this
solution to J0.0 mL with mobile phase B.
Reference solution (b) Dissolve 4 mg of tictropium forsystem
Stlitability I CRS (containing impurity C) in 2.0 mL of
mobile phase B.
Column:
- size: 1=0.15 m, 0 =3.0 rnm;
- staticnary phase: propylsi/yl silka gelfor chromawgraphy R

(3.5 um);
- temperature: 50°C.
Mobile phase:
- mobile phase A: dissolve 1.0 g of sodium methanesulfonate R

and 5.0 g of potassium dihydrogen phosphate R in about
9BO mL of water R, adjust to pH 3.0 with dilute phosphoric
acid R and dilute to 1000 mL with waterR;

- mobile phaseB: methanol RJ, acetonitrile for
chromawgraphy R, mobile phase A (10:40:50 VIVIV);

Tim. MobUe phase A MobUe phase B
(min) (per cent VlV) (per cent I'IJI)

0-3 90 10

3 - 17 90 ...... 80 10 ...... 20

17·28 80 ...... 25 20 ...... 75

28 - 30 25 75

FWw rate 1.2 mllmin.
Detection Spectrophotometer at 240 run.

Injection 5 ~L.

Identification of impurities Use the chromatogram supplied
with tiotropium for system suitability I CRS and the
chromatogram obtained with reference solution (b) to
identify the peak due to impurity C.

Relativeretention With reference to tiotropium (retention
time = about 15 min): impurity C = about 1.2.

System suitab,7ilJl Reference solution (b):
- resolution: minimum 2.4 between the peaks due to

tiotropium and impurity C.

2022

Limits:
- unspecified impurities: for each impurity, not more than the

area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.12)
2.5 per cent to 4.0 per cent, determined on 0.300 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY

nitric acid R2. Titrate with 0.1 M silver nitrateJ determining
the end-point potentiometrically (2.2.21l).
1 mL of 0.1 J\1 silvernitrate is equivalentto 47.24 mg of
C,.H2,BrNO.S2•

IMPURITIES
Specified impurities G, H.
Otherdeteaobie impurities (the folWwing Stlbstanas would, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
oitenon for otherlunspedjied impurities and/or by thegeneral
monograph Substanas for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of CfmIpliar"e. See also 5.10. Control of impurities
in substanus for phannaceutical use) A., C, E} F.

~
s co,H

S OH

'"
A. hydroxyjdifrhlophen-z-yljjacetic acid,

H

~
s 0 HY---~"CH'I

# 0····\ __. 'CH

S OH
H

'"
C. (1R,3s,5S)-3- [[hydroxy[di( thiophen-2-yl)] acetyl]oxy]-B,B­

dimethyl-B-azabicyclo [3.2.1] oct-6-en-B-iurn,

<;¥
o

DCH,

S ,OH

E. methyl hydroxy[di(thiophen-2-yl)]acetate,

~
s

A" 0

S ""

F. di(thiophen-2-yl)methanone,
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G. (lR,2R,4S,5S,7s)-7-hydroxy-9,9-dimethyl-3-<>xa-9­
azarricyclo[3.3.1.02

,"[nonan-c-ium,

H. (1s,3RS,4RS,5RS,7SRJ-4-hydroxy-6,6-dimethyl-2-oxa-6-
• 37 •

____________________ PO,,,

Titanium Dioxide 11-1173

Acidity or alkalinity
Shake 5.0 g with 50 mL of carbon dioxide-free water R for
5 min. Centrifuge or filteruntil a clearsolution is obtained.
To 10 mL of the solution add 0.1 mL of bromothymol blue
solution R1. Not more than 1.0 mL of 0.01 M hydrochloric
acid or 0.01 M sodium hydroxide is required to change the
colour of the indicator.

Water-soluble substances
Maximum 0.5 per cent.

To 10.0 g add a solution of 0.5 g of ammonium sulfate R in
150 mL of waterR and boil for 5 min. Cool, dilute to
200 mL with water R and filteruntil a clear solution is
obtained. Evaporate 100 mL of the solution to dryness in a
tared evaporating dish and ignite. The residueweighs a
maximum of 25 mg.

Elemental impurities
e reqwre

2.4.20. Determination of elemental impun"ties may be used.

Titanium Dioxide
(ph. Bur. monograph 0150)

Ti02 79.9 13461-67-7

Element

Antimony

Arsenic

Barium

1.<'"

Maximum content (ppm)

2

12.
5

Action and use
Protective; excipient.

Preparation
Titanium Ointment

PO"' ~----~~---

DEFINlTION
Content
98.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water. It does not dissolve in dilute
mineral acids but dissolves slowly in hot concentrated sulfuric
acid.

IDENTIFICATION
A. When stronglyheated, it becomes pale yellow; the colour
disappears on cooling.

B. To 5 mL of solution S (see Tests) add 0.1 mL of strong
hydrogen peroxide solution R. An orange-red colour appears.
C. To 5 mL of solution S add 0.5 g of zinc R in granules.
After 45 min, the mixture has a violet-blue colour,

TESTS
Solution S
Mix 0.500 g (m g) with 5 g of anhydrous sodium sui/ate R in a
300 mL long-necked combustion flask. Add 10 mL of
waterR and mix. Add 10 mL of sulfuric acidR and boil
vigorously, with the usual precautions, until a clearsolution
is obtained. Cool, add slowlya cooled mixture of 30 mL of
waterRand 10 mL of sulfuric acidR, cool again and dilute to
100.0 mL with waterR.

Appearance of solution
SolutionS is not more opalescent than reference
suspension II (2.2.1) and is colousless (2.2.2, MethodII).

Iron
Maximum 200 ppm.

To 8 mL of solution S add 4 mL of waterR. Mix and add
0.05 mL of bromine waterR. Allow to stand for 5 min and
remove the excess of bromine with a current of air.
Add 3 mL ofpOUlSS1"um thiocyanate solution R. Any colour in
the solution is not more intense than that in a standard
prepared at me same time in the same manner using a
mixture of 4 mL of iron standard solution (2 ppm Fe) Rand
8 mL of a 200 gIL solution of sulfuric acidR.

ASSAY
To 300 g of zinc R in granules (710) (2.1.4) add 300 mL of
a 20 gIL solution of mercuric nitrate R and 2 mL of niuic
acid R, shakefor 10 min and wash with water R. Pack the
amalgamated zinc into a glass tube about 400 nun long and
about 20 nun in diameterfined with a tap and a filter plate.
Pass through the column 100 mL of dilute sulfuric acidR
followed by 100 mL of waterR, making sure that the
amalgamis always covered with liquid. Pass slowly at a rate
of about 3 mUmin through the column a mixture of 100 mL
of dilute sulfuric acidRand 100 mL of waterR followed by
100 mL of water R. Collect the eluate in a 500 mL conical
flask containing 50.0 mL of a 150 gIL solution of Jerrie
ammonium sulfate R in a mixture of I volume of sulfunc
acidRand 3 volumes of waterR. Add 0.1 mL of/erwin R
and titrate immediatelywith 0.1 M ammonium and cerium
nitrate until a greenish colour is obtained (n1 mL). Pass
slowly at a rate of about 3 mUmin through the column a
mixture of 50 mL of dilute sulfuric acidR and 50 mL of
water R, followed by 20.0 mL of solution S, a mixtureof
50 mL of dilute sulfuric acidR and 50 mL of waterRand
finally 100 mL of waterR. Collect the eluate in a 500 mL
conical flask. containing 50.0 mL of a 150 gIL solution of
ferric ammonium sulfate R in a mixture of I volume of sul/urK
add Rand 3 volwnes of water R. Rinse the lower end of the
column with waterR, add 0.1 mL ofJerroin R and titrate
immediately with 0.1 M ammonium and cerium nitrate until a
greenishcolour is obtained (n2 mL).
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11-1174 Tizanidine Hydrochloride 2022

Calculate the percentage content of Ti02 using the following
expression:

3.99 x(n, - nil
m

m mass of the substance to be examined used for the preparation
of solutionS, in grams.

FUNCTIONALITY-RELATED CHARACTERISTICS
Thisseaion provides infonnation on characteristics that are
recognised as being relevant control parameters for oneor more
functions of thesubstance when usedas an excipient (su chapter
5.15). Some of the chorocteristi<s described in the Funaionalicy­
related characteristics section may also be present in themandatory
part of the monograph since theyalso represent mandatory quality
criteria. In such cases} a cross-reference to thetars descn"beJ in the

TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to

50 mL with the same solvent.

pH (2.2.3)
3.7 to 5.0 for solution S.

Impurity H
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.200 g of the substance to be
examined in methanol R and diluteto 5.0 mLwith the same
solvent.
Reference solution Dissolve 8.0 mg of ethylenediamine R
(impurity H) in methanol R and dilute to 100.0 mL with the
same solvent.
Place TLC cel11110se place R.

PhE" ~ _

____________________ PhE"

(Ph. Eur. mauograph 2578)

(I :25:75 VIVII').

Application 5 pL.

Deuelopment Over 1/2 of the plate.

Drying In a current of cold air.
Detection Spray with a mixture of 15 volumes of a 20 gIL
solutionof ninhydrin R in glacial cuetj( acidR and 85 volumes
of butanol R, then heat at 100°C for 5 min.
Relativeretention with reference to tizanidine
(Rp = about 0.8): impurity H = about 0.3.

Limit:
- impun·ty H: any spot due to impurity H is not more

intense than the corresponding spot in the chromatogram
obtainedwith the reference solution (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Test soluMn Dissolve 30.0 mg of the substance to be
examined in mobile phase A, usingsonication if necessary,
and dilute to 25.0 mL with mobile phase A. Dilute 5.0 mL
of the solution to 50.0 mL with mobile phase A.

Reference solucUm (a) Dissolve 3 mg of lizanidl'e
impurity B CRS in mobile phase A and dilute to 25.0 mL
with mobile phase A. Dilute 1.0 mL of the solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with thetest solution.
Reference solution (1)) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase A.

Reference solution (c) Dissolve 30.0 mg of tisonidine
hydrochloride CRS in mobile phase A, using sonication if
necessary, and dilute to 25.0 mL withmobile phase A.
Dilute 5.0 mL of the solution to 50.0 mL with mobile
phaseA.
Cofumu:
- size: 1= 0.15 m, 0 = 4.6 mID;
- stationary phase: end-capped oecadecylsilyl silica gelfor

chromatography R (3.5 pm);
- temperature: 50 'C.

Mobile phase:
- mobile phaseA: mix 18 volumes of acewnitnle Rl and

82 volumes of a 3.86 gILsolution of sodium
pentanesulfonate monohydrate R previously adjusted to
pH 3.0 with phosphoric add R;

- mobile phase B: mix 20 volumes of a 3.86 gIL solution of
sodium pentanesulfonate monohydrate R previously adjusted
to pH 3.0 with phosphoric acidRand 80 volumes of
acetonitrile Rl;

64461-82-1

.Hel

290.2CgH,Cl,N,S

DEFINITION
5-Chloro-N-(4,5-dihydro-IH-imidazol-2-yl)-2,1,3­
benzothiadiazol-4-amine hydrochloride.

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor yellowish-white, crystalline powder.

Solubility
Solublein water, veryslightly soluble in ethanol
(96 percent), practically insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparisau cizanidine hydrochloride CRS.
B. Solution S (see Tests) gives reaction (a) of chlorides
(2.3.1).

characteristics section. Control oj thecharacteristics can contn"bure
to the quality of a medicinal product by improving the consistency
of the manu/oemn"ng process and thepeifonnance of the medicinal
product during use. Where control methods are cited, they are
recognised as being suitabkfor thepurpose, but othermethods con
alsobe used. Wherever results for a particular characteristic are
reponed, the contrd methodmust be indicated.
Thefollowing characteristic may be relevant far titanium dioxide
usedas opacifier in solid oraldosage forms and in preparations for
cutaneous applicau"on.

Particle-size dlstribution (2.9.31)

Action and use
Alphas-adrenoceptor agonist; skeletal muscle relaxant.

Tizanidine Hydrochloride
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Flaw rate 0.6 mUmin.

Detection Spectrophotometer at 230 om.

Injection 10 IJL of the test solution and reference
solutions (a) and (b).

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity B.
Relativeretention With reference to tizanidine (retention
time =about 6 ntin): impurity B =about 1.3.

S 'Stem su;rabj/i Reference solution a:

2022

Time
(mlo)

0- 15

15 ~ 25

25 - 27

MobUe phase A
(per ceur YIP)

100

100 ...... 0

o

Mobile phase B
(per cent Vfl')

o
0 ...... 100

100

Tizanidine Hydrochloride 11-1175

c. 1,1'-ethane-I ,2-<1iylbis[3-(5-chloro-2, 1,3-benzothiadiazol­
4-Yl)guanidinel,

- reso U 'on: mtmmum q. e een e pea ue 0

tizanidine and impurity B.

Calculation of percentage rontents:
- for each impurity, use the concentration of tizanidine

hydrochloride in reference solution (b).
Limits:
- unspecified impuniies: for each impurity, maximum

0.10 per cent;
- total: "maximum 0.2 per cent,
- reponing threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
lvlaximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Infection Test solution and reference solution (c).

Calculate the percentage content of CgHgChNsS taking into
account the assigned content of tizanidine hydnxhloride CRS.

IMPURITIES
Specified impurities H.

Otherdetectable impuriries (thefollowing subsrances would, if
present at a sufficient level, bedetected by oneorotherof the tests
in the monograph. They an? limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for phannauuricaluse (2034). lr is
therefore not necessary to i'demify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, B, C, D, E, F, GJ 1.

A. N-(4,5-dihydro-IH-imidazol-2-yl)-2,1,3-benzothiadiazol-4­
amine,

B. N-(5-ehloro-2,1,3-benzothiadiazol-4-yl)thiourea,

.me y - -c oro-z, - enza 13 azo--
yljcarbamimidothioate,

N-S

IYN
VN~

CI

E. 5-chloro-2,1,3-benzothiadiazoI4-amine,

F. 1,3-bis(5-ehloro-2,1,3-benzothiadiazol-4-yl)-1-(4,5­
dihydro-I H-imidazol-2-yl)guanidine,

G. (5-chloro-2,1,3-benzothiadiazol-4-yl)eyanamide,

~NHz
H,N

H. ethane-Lz-diamine (ethylenediamine),

I. 4-methylbenzenesulfonic acid (p-toluenesulfonic acid).
____~ PhE<r
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11-1176 Tobramycin 2022

Tobramycin
(Ph. Bur. monograph 0645)

H,N

N~"o HO
NH,

HO (/ NH2

OH

467.5 32986-56-4

l'vIobile phase methylene chloride R, concentrated ammonia R,
methanol R (17:33:50 VIVIV).

Application 5 ~L.

Development Over 213 of the plate.

Drying In a current of warm air.
Detection Spray with a mixture of equalvolumesof a 2 gIL
solution of 1~3-dihydroxynaphthalene R in ethanol
(96 per cene) R and a 460 gIL solution of sulfutic acidR; heat
at 105°C for 5-10 min.

Systemsuitability The chromatogram obtained with
reference solution (b) shows 3 major spots whicharedearly
separated.
Results The principal spot in the chromatogram obtained.
with the test solution is similar in position, colourand size (0

the principal spot in the chromatogram obtained with

Action and use
Aminoglycoside antibacterial.

Preparations
Tobramycin and DexamethasoneEye Drops, Suspension
Tobramydn Eye Drops

Tobramycin Inhalation Powder, Hard Capsule
Tobramycin Injection

Tobramycin NebuliserSolution

Phf<r _

DEFINITION
4-G-(3-Amino-3-deoxy-«-o-g1ucopyranosyl)-2-deoxy-6-G­
(2,6-diamino-2,3,6-trldeoxy-«-D-rib<>-hexopyranosyl)-L­
streptamine.

Substance produced by Streptomyces tenebrarius or obtained
by any other means.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
It is produced by methods of manufacture designed £0

eliminate or minimise substances lowering blood pressure.

CHARACTERS
Appearance
White or almost whitepowder.

Solubility
Freely soluble in water, veryslightly soluble in ethanol
(96 per cent).

IDENI1FICATION
First identification: A.

Second identification: B., C.
A. Nuclearmagnetic resonance spectrometry (2.2.33).

Preparation 100 gIL solution in deuterium oxide R.
Comparison 100 gIL solution of UJbramyein CRS in deuterium
oxide R.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in waterR and dilute to 5 mL with the same
solvent.
Reference solution (a) Dissolve 20 mg of UJbramycin CRS in
water R and dilute to 5 mL with the same solvent.
Reference solution (b) Dissolve 4 mg of neomycin su/fate CRS
and 4 mg of kanamycin monondfate CRS in I mL of reference
solution (a).

Plate TLC silica gelplare R.

C. Dissolve about 5 mg in 5 mL of waterR. Add 5 mL of a
I gIL solution of ninhydrin R in ethanol (96 percent) Rand
heat in a water-bath for 3 min. A violet-blue colourdevelops.

TESTS
pH (2.2.3)
9.0 to 11.0.

Dissolve 1.0 g in 10 mL of carbon diaxide-jree water R.

Specific optical rotatiou (2.2.7)
+ 138 to + 148 (anhydrous substance).

Dissolve 1.00 g in waterR and dilute to 25.0 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

Test solution (a) Dissolve 25.0 mg of the substance to be
examinedin the mobilephase and diluteto 25.0 mL with
the mobile phase.
Test soluricn (b) Dilute 10.0 mL of test solution (a) to
100.0 mL with the mobile phase.

Reference solution (a) Dissolve 25.0 mg of tobramycin CRS in
the mobile phase and dilute to 100.0 mL with the mobile
phase.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with the mobile phase.

Reference solution (d) Dissolve 10.0 mg of kanamycin B
su/fate CRS in 20.0 mL of the mobile phase. To 1.0 mL of
this solution, add 2.0 mL of reference solution (a) and dilute
to 10.0 mL with the mobile phase.

Reference solution (e) Dilute 10.0 mL of reference
solution (a) to 25.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 rom;
- stationary phase: seyrene-<iivinylbenzene copolymer R (8 urn)

with a pore size of 100 run;
~ temperature: 55°C.

Mobi/e phase Mixture prepared with carbon dioxide-free
waterR containing 52 gIL of anhydrous sodium SII/fate R,
1.5 gIL of sodium octane.sulfonate R, 3 mUL of
tetl'ahydrofuran R stabilised with butylhydroxyUJIuene R, and
50 mUL of 0.2 M potassium dihydrogen phosphate R
previously adjusted to pH 3.0 with dilute phosphon'c add R.
Degas.
FIuw rate 1.0 mIJrnin.
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-------- 'M"

79645-27-5

2

1425.42

IMPURITIES

A. 4-D-(3-amino-3-deoxy-«-D-glucopyranosyl)-2-deoxy-6-0­
(2,6-diamino-2,6-dideoxy-«-D-glucopyranosyl)-L­
streptamine (kanamycin B),

H,N

"~ '"
HO NH::q' 2

~
HO

o .
NH2 o NH2

OH .
OH

H,N~OH
HO N;;.---{H,

HOH
tid' Nfl,

N!y-C'HOH
HC)" NH2

B. 2-deoxy-4-0-(2,6-diamino-2,3,6-trideoxy-«-D-rib<>­
hexopyranosy1)-D-streptamine (nebramlne),

C. 2-deoxy-4-0-(2,6-diamino-2,6·dideoxy-«-D­
glucopyranosyl)-D-streptamine (neamine).

Tobramycin Sulfate

Action and use
Aminoglycoside antibacterial.

Preparation
Tobramycin Oral Solution

Post-column solution carbonate-free sodiumhydroxide solution R
diluted 25-fold with carbon dioxide-free water R, which is
added pulselessly to the column effluent using a 375 J1L
polymeric mixing coil.

Flowrate 0.3 mUmin.

Detection Pulsed amperometric detector or equivalent with a
gold workingelectrode, a silver-silver chloride reference
electrode and a stainless steel auxiliary electrode which is the
cell body, held at respectively + 0.05 V detection, + 0.75 V
oxidation and -0.15 V reduction potentials, with pulse
durations according {Q the instrument used. The temperature
of the detector is set at 35 "C.

NOTE toprevem problems due to saltprecipitation, the
electrochemical cell can beflushed wlth water R overnight.

Injection 20 J.lL using a refrigerated injector (4-8 °C); inject
test solution (a) and reference solutions (b), (c) and (d).

un "me unea e re en on e 0 to ramycm.

Relative retention With reference (0 robramycin (retention
time = about 18 min): impurity C = about 0.35;
impurity B = about 0.40, impurity A = about 0.70.

System suitability:
- resolution: minimum 3.0 between the peaks due to

impurity A and to tobramycin in the chromatogram
obtained with reference solution (d); ifnecessary, adjust
the concentration of sodium octanesulfonate in the mobile
phase;

- signal-to-noise ratio: minimum 10 for the principal peak in
the chromatogram obtained with reference solution (b).

Limits:
- any impun°ty: not more than twice the area of the principal

peak in the chromatogram obtained with reference
solution (c) (1.0 per cent) and not more than 1 such peak
has an area greater than the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.5 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (c)
(1.5 per cent);

- disregard limit the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.25 per cent).

2-Methyl-I-propanol (2.4.24, System B)
Maximum 1.0 per cent mlm.

Water (2.5.12)
Maximum 8.0 per cent, determined on 0.30 g.

Sulfated ash (2.4.14)
Maximum 0.3 per cent, determined on 1.0 g.

Bacterial endotoxin. (2.6.14)
Less than 200 IV/mgJ if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Injection Test solution (b) and reference solution (e).

Calculate the percentage content of tobramycin.

STORAGE
If the substance is sterile, store in a sterile, airtight, tamper­
evident container.
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DEFINITION
4-0-(3-Amino-3-deoxy-«-D-g1ucopyranosyl)-2-deoxy-6-0­
(2,6-diamino-2,3,6-trideoxy-a.-D-ribo-hexopyranosyl)-L­
streptamine sulfate.

Substance producedby Streptomyces tenebrarius or obtained
by any other means.

It contains not less than 97.0% and not more than 102.0%
of (CI!~H31N509)2,5H2S0'b calculated with reference to the
anhydrous substance.

CHARACTERISTICS
A white to off-white powder.
Soluble in water.

IDENfIFICATION
A. Carry out the method for thin-layer chromatography,

. . . solutions.

(I) Dissolve 90 mg of the substance beingexamined in
sufficient waler to produce 10 mL
(2) 0.6% wlv of tobramydnBPCRS in water.
(3) 0.4% wlv of each of kanamycin monosulfate BPCRS,
neomycin sulfate EPCRS and tobramycin BPCRS in water.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coatingsilicagel (Mercksilica gel 60 platesare
suitable).

(b) Use the mobile phase as described below.

(c) Apply 5 ~L of each solution.

(d) Develop the plate to 15 em.
(e) Afterremoval of the plate, dry it in a current of warm air,
spray with a mixture of equal volumes of a 0.2% wlv solution
of naphthalene-J,3-dilJl in ethanol (96%) and a 46% wlv
solution of sulfurk acidand heat at 105° for 5 to 10 minutes.

MOBILE PHASE

17 volumesof dichloromethane, 33 volumes of 13.50\1 ammonia
and 50 volumes of methanol.

SYSTEM SUITABILITY

The test is not valid unless the chromatogram obtained with
solution (3) shows three clearly separated principal spots.

CONFIRMATION

The principal spot in the chromatogram obtained with
solution (I) corresponds in position,colourand size to that
in the chromatogram obtained with solution (2).
B. In the Assay, the chromatogram obtained with solution (1)
shows a peakwith the same retention timeas that of the
principal peak in the chromatogram obtained with
solution (2).
C. Yields the reactions characteristic of sulfates, Appendix VI.

TESTS
Acidity or alkalinity "
pH of a 0.4% wlv solution, 6.0 to 8.0, Appendix V'L.

Related substances
Carry out the method for thin-layer chromatography,
Appendix ill A, using the following solutions.'
(I) Dissolve 50 mg of the substance beingexamined in 7 mL
of water, adjust the pH to 55 with 05M sulfuric acid and add
suffident water to produce 10 mL.
(2) Dilute I volume of solution (I) to 100 volumes with
water.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silica gelfor chromatography.
(b) Use the mobile phase as described below.

2022

(c) Apply I ~L of each solution.

(d) Develop the plate to 15 em.

(e) Afterremoval of the plate,allow it to dry in air,heat at
1100 for 10 minutes and spray with a 20% vlv solutionof
sodium hypochlQ1;le solution in water. Dry the plate in airand
then spray with a solutionprepared in the following manner.
Dissolve 1.1 g of potassium iodide in 60 mL of water, boil for
15 minutes and slowlyadd a suspension containing 1.5 g of
soluble starch in 10 mL of water. Add 25 mL of water, boil for
10 minutes,allow to cool and dilute to 100 mL with water.

MOBILE PHASE

20 volumes of water, 30 volumes of elhanol and 50 volumes
of a 29.2% wlv solution of sodium chloride in water.

LIMITS

In the chromatogram obtained withsolution (1):

any seam ary s
in the chromatogram obtainedwith solution (2) (l%).

Sulfated ash
Not more than 1% wlw,Appendix IX A, when determined
by the following method. Moisten the charred residue with
2 mL of nilric acidand 5 drops of sulfuric acid.

Water
Not more than2.0% w/w, Appendix: IX C.

ASSAY
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions. Derivatise
solutions (I), (2) and (4) prior to analysis.

(1) Dissolve 30 mg of the substance being examined in
sufficient water to produce 100 mL.
(2) Add I mL of 05M sulfuric acid to 50 mg of
tobramycin BPCRS, dissolve in water, add sufficient water to
produce 50 mL and mix. Dilute 1 volumeof this solution to

5 volumeswith water.
(3) Dilute I volume of a 0.024% wlv solution of
l-naphtholbenzein in auronitriJe to 5 volumeswith derivatised
solution (2).

(4) water(blank solution).
Derivatise solutions (I), (2) and (4) using the following
method. The solutions should be heated at the same
temperature and for the same time as indicated below.
Transfer 4 mL of each solution separately into 5o-mL
volumetric flasks. To each solution add 10 mL of a 1% w/v
solution of l-jluoro-2,4-din;trobenzene in ethanol (96%) and
10 mL of a solution prepared by diluting 40 mL of a
1.5% wlv solution of tris(hydroxymethyl)methylamine in water
to 200 mL with dimethyl sulfoxide and mixing. Heat in a
water bathat 60° for 50 minutes. Remove the flasks, allow to
stand for 10 minutes and add aceumim·'e to about 2 mL
below the meniscus. Allow to cool to room temperature and
add sufficient a~umitri/e to produce 50 mL.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (30 em x 3.9 mm) packed
with octatluylsilyl sih"ca gelfor chromatography (5 pm)
(Nucleosil 5 CI8 is suitable).
(b) Use isocratic elutionand the mobilephase described
below.
(c) Use a ftow rate of 1.2 mL per minute.

(d) Use an ambient column temperature.
(e) Use a detection wavelength of 365 urn.

(I) Inject 20 ~L of each solution.
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MOBILE PHASE

Dissolve 2.0 g of tris(hydroxymethyl)aminomelhane in 800 mL
of water, add 20 mL of O.5M sulfun'c acidand sufficient
acetonitrile to produce 2000 mL. Allow to cool and filter
(using a o.z-pm, or finer, filter).

When the chromatograms arerecorded underthe prescribed
conditions, the retention of I-naphtholbenzein relative to
tobramycin (retention time, about 20 minutes) is about 0.6.

SYSTEM SUITABIUTY

The test is not validunless, in the chromatogram obtained
with solution (3), the resolution between the peaks due to
I-naphtholbenzein and tobramycin is at least 4.0.

DETERi\llNATION OF CONTENT

Calculate the content of (CIsH37Nj09)215H2S04 in the
substance being examined using the declared contentof

Reference solution Dissolve 10 mg of a-tocopherol CRS in
2 mL of cydohexaneR.
Plat< TLC silica gel F", plate R.

Mobilephase etherR, cyclohexane R (20:80 VIII).
Appticadon 10/lL.

Development Over 2/3 of the plate.
Drying In a current of air.
Detection Examine in ultraviolet lightat 254 nm.
Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with the
reference solution.

TESTS
Related substances
Gas chromato a h 2.2.2 : use the normalisation

PIlE" _

Action and use
Used in prevention and treatment of vitamin E deficiencies.

Internalstandardsolution Dissolve 1.0 g of squaJane R in
cydohexane R and dilute lO 100.0 mL with the same solvent.
Testsolution (a) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of the internal standard solution.
Test sokuion (b) Dissolve 0.100 g of the substance to be
examined in 10 mL of cydohexane R.

Reference sohuion (a) Dissolve 0.100 g of a-1l!Copherol CRS in
10.0 mL of the internal standard solution.
Reference solmion (b) Dissolve 10 mg of the substance to be
examined and 10 mg of a-toeopheryl acetate R in cydohexaneR
and diluteto J00.0 mL with the samesolvent.
Reference solution (c) Dissolve 10 mg of oll-rac-a-tocopherd
for peak identification CRS (containing impurities A and B) in
cydohexane R and dilute to J mL with the same solvent.
Reference solution (d) Dilute 1.0 mL of test solution (b) to
100.0 mL with cyclohexane R. Dilute 1.0 mL of this solution
to 10.0 mL with cyclohexane R.

Column:
- material: fused silica;
- size: I = 30 m, 0 = 0.25 mmj
- stationaryphase: methylpolysiloxalte R (film thickness

0.25 urn).

Carrier gas heliumfor chromatography R.
Flow rate I mlJmin.

Split ratio 1:100.

Temperature:
- column: 280 "C:
- inj«lionport and detector: 290°C.

Detection Flame ionisation.
Injection I IJL of test solution (b) and reference
solutions (b), (c) and (d).

Run time Twice the retention time of all-rac-e-tocopherol.
Identification of impuriues Use the chromatogram supplied
with oll-rac-a-tocopherd for peak idendficadon CRS and the
chromatogram obtained with reference solution (c) to identify
the peaks due [0 impurities A and B.

Re/ative retention With reference to all-rcc-c-tocopherol
(retention time =about 9 min): squalane =about0.5;
impurity A = about 0.7j impurity B = about0.8; .
impurities C and D = about 1.05 (eluting immediately aliec
the aU-rac-a:-tocopheroJ peak).
Systemsuitabilily Reference soludon (b):
- resolution: minimum3.5 between the peaks due to all-rae­

a-tocopherol and n-tocopheryl acetate.

**** ** ** ****

10191-41-0

CH3

CH3

CH3

CH3

430.7

CH3

all-rae-Alpha-Tocopherol
(all-rac-«-Tocopherol, Ph. Eur. monograph 0692)

DEFINITION
All-rae- 2,5,7,8-T etramethyl-2-(4,8,12-trimethyltridecyl)-3,4­
dihydro-2H-I-benzopyran-6-01.

Content
96.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
Clear, colourless or yellowish-brown, viscous, oily liquid.
Solubility
Practically insoluble in water, freely soluble in acetone, in
anhydrous ethanol, in methylene chloride andin fatty oils.

IDENTIFICATION
First identificau·on: A, B.

Secondidentification: A.. C.
A. Optical rotation (2.2.7): -0.01° to + 0.01°.

Dissolve 2.50 g in anhydrous ethanol R and dilute to 25.0 mL
with the same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison a-tocopherol CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in 2 mL of cydohexane R.

CIsH37N509 is equivalent to 1.5245 mg of
(C"H"N,09),,5H2SO•.

STORAGE

Tobramycin Sulfate should be storedin an airtight container.
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PIlE..

Action and use
Used in prevention and treatment of vitamin E deficiencies.

59-02-9

**** ** ** ****

430.7

(RRR-<t.-Tacopherol, Ph. Eur. monograph 1256)

RRR-Alpha-TocopherolLimits:
- impun"cy A: maximum 0.5 per cent;
- impurity B: maximum 1.5 per cent;
- sum of impurities C and D: maximum 1.0 per cent;
- any other ;mpun'ty: for each impurity, maximum

0.25 per cent;
- total: maximum 2.5 per cent,
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (d)
(0.1 per cent).

The thresholds indicated under Related substances
(Table 2034.-I) in the general monograph Subsranw for
pharmaceutical use (2014) do not apply.

ASSAY
Gas chromatography (2.2.28) as described in the lest for. .,

____________________ PIIE..

B. aU-rac-cis-2J3AJ6,7-pentamemyl-2-(4,8J 12­
ttimethylttidecyl)-2,3-dihydrobenzofwan-5-01,

CH,

TESTS
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Internal standard solutUm Dissolve 1.0 g of squalane R in
cydohexane R and dilute to 100.0 mL with the same solvent.

Test solutUm (a) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of the internal standard solution.
Test sdution (b) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of cyclohexane R.

(2R)-2,5,7,8-Tetramethyl-2-[(4R,8R)-4,8,12­
trirnethyltridecylj-3,4-dihydro-2H-I-benzopyran-6-01.

Content
94.5 per cent to 102.0 per cent.

CHARACfERS
Appearance
Clear, colourless or yellowish-brown, viscous, oily liquid.

Solubility
Practically insolublein water, freely soluble in acetone, in
anhydrous ethanol, in methylenechloride and in fatty oils.

IDENTIFICATION
First identification: A, B.
Second identificatUm: A, C.
A. Optical rotation (2.2.7): + 0.05° to + 0.10°.

Dissolve 2.50 g in anhydrous ethanol R and dilute to 25.0 mL
with the same solvent.
B. lnfrased absorption spectrophotometry (2.2.24).

Comparison .-rocopherol CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in 2 mL of cydohexane R.
Reference solution Dissolve 10 mg of .-rocopherol CRS in
2 mL of cyclohexane R.
Plate TLC silica gelFm plateR.
Mobile phase ether R, cydohexane R (20:80 VIV).

ApplicatUm 10 [.tL.
Development Over 2/3 of the plate.

Drying In a current of air.
Detection Examine in ultraviolet light at 254 nm.

Results The principal spot in the chromatogram obtained
with the test sohalon is similar in positionand size to the
principal spot in the chromatogram obtained with the
reference solution.

CH,

CH,

CH,

CH,

CH,

CH,CH,

HO

H,C

D. (all-RS,aU-E)-2,6,10,I4,19,23,27,31­
octarnethyldotriaconta-12J 14,Ig-triene.

H,C

CH,

A. all-rac-trans-2J3,4J6J7-pentamethyl-2-(4J8J 12­
trimethylttidecyl)-2,3-dihydrobenzofwan-5-01,

H,c~CH'0

""I '.'~H'
HO~ .C~ CH3

CH H 'C~
3 C~ CH3

anddiaslereoisomers

CH,

CH3 CH3

C. 4-methoxy-2,3,6-trimethyl-5-[(aU-RS,Ej-3,7,11,15­
letramethyU1exadec-2-enyljphenol,

CH3 CH3

Injection Test solution (a) and reference solution (a).

System suitabr7ity Reference solution (a):
- symmenyfactor: minimum 0.6 for the principal peak.

Calculate the percentage contentof C29H5002 from the
declared content of .-rocopherol CRS.

STORAGE
Under an inertgas, protected fromlight.

IMPURITIES
Specified impun"ties A, B, C, D.

CH,

H'C~I0 "~V'CyCH'
HO' ,3 CH

. CH 3
CH3 H 3

CH3 CH3
anddiaslereoisomers

www.webofpharma.com



2022 Tocopheryl Acetate 11-1181

C. (2R)-2,7,8-trimethyl-2-[(4R,8R)-4,8, 12-trimethyltridecyl]­
3,4-dihydro-2H-l-benzopyran-6-ol (RRR-y-tocopherol).

-------------- PhE<I

Reference solution (a) Dissolve 0.100 g of a-tocopherol CRS in
10.0 mL of the internal standard solution.
Reference solution (b) Dissolve 10 mg of a-tocopherol Rand
10 mg of a-weopheryl acetate R in cydohexane R and dilute to

100.0 mL with the same solvent.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.25 mm;
- stationary phase: m"hylpolysiloxane R (film thickness

0.25 pm).

Carnergas helium for chromatography R.
Flow rate 1 mUmin.
Split ratio 1:100.
Temperature:

all-rae-Alpha-Toeopheryl Acetate
(all-mc-<l.-Tocopheryl Acetate, Ph. Eur. monograph
0439)

**** ** *
*****

A. (2R)-2,8-dimethyl-2- [(4R,8R) -4,8, 12-trimethylnidecyl]­
3,4-dihydro-2H-l-benzopyran-6-oi (RRR-o-tocopherol),

B. (2R)-2,5 ,8-trimethyl-2- [(4R,8R)4,8, 12-trimethylnidecyl]­
3,4-dihydro-2H-I-benzopyran-6-01 (RRR-Il-rocopherol),

7695-91-2

CH,

CH,

CH,

CH,

472.7

PhE<I _

Action and use
Used in prevention and treatment of vitamin E deficiencies.

DEFINITION
all-rac-2,5,7,8-T etramethyl-2-(4,8, 12-trimethylnidecyl)-3,4­
dihydro-2H-I-benzopyran-6-yl acetate.

Content
96.5 per cent to 102.0 per cent.

CHARACTERS
Appearance
Clear) colourless or slightly greenish-yellow) viscous) oily
liquid.

Solublllty
Practically insoluble in water) freely solublein acetone) in
anhydrous ethanol and in fatty oils.

IDENTIFICATION
First identification: A, B.

Second identification: A, C.
A. Optical rotation (2.2.7): -0.01° to + 0.01°.

Dissolve 2.50 g in anhydrous ethanol R and dilute to 25.0 mL
with the same solvent.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison a-totopheryl acetate CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve about 10 mg of the substance to be
examined in 2 mL of cycIahexane R.
Reference solution Dissolve about 10 mg of et.-toeopheryl
acetate CRS in 2 mL of cyclohexane R.
Plate TLC silica gelF2 54 plate R.

Mobilephase ether R, cydohexane R (20:80 VIV).
Application 10 ~L.

Development Over 2/3 of the plate.

Drying In a current of air.
Detection Examine in ultraviolet light at 254 om.
Remits The principal spot in the chromatogram obtained
with the test solutionis similar in positionand size to the

CC)
280

290

290

(min)

0- 15Column
Injection port

Detector

Detection Flame ionisation.
Injection 1 J.lL of test solution (b) and reference solution (b).
System suitabr7,iy Reference solution (b):
- resolution: minimum 3.5 between the peaks due to

a-tocopherol and «-rocopheryl acetate.

Limits:
- total: maximwn 4.0 per cent;
- disregard limit: 0.1 per.cent.

The thresholds indicated under Related subsranees
(Table 2034.-1) in the general monograph Substances for
pharmaceuticaluse (2034) do not apply.

ASSAY
Gas chromatography (2.2.28) as described in the test for
related substances with the following modifications.
Injection Test solution (a) and reference solution (a).
System suitabl7ity Reference solution (a):
- symmetry factor. minimum 0.6 for the principal peak.
Calculate the percentage content of C29H5002 taking into
account the assigned content of a-wropherol CRS.

STORAGE
Under an inert gas, protected fromlight.

IMPURITIES
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principal spot in the chromatogram obtained with the
reference solution.

TESTS
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Internal standardsolution Dissolve 1.0 g of squalane R in
cyclohexane R and dilute [Q 100.0 mL with the same solvent.

Test solUlion (a) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of the internal standard solution.

Test sohuion (b) Dissolve 0.100 g of the substance to be
examined in 10 mL of cyclohexane R.
Reference solution (a) Dissolve 0.100 g of .-1QCO[Jheryl
acetale CRS in 10.0 mL of the internal standard solution.

Limits:
_ impurities A, C: for each impurity) maximum 0.5 per cent;
- impurityB: maximum 15 per cent;
_ sum of impurities D and E: maximum 1.0 per cent;
_ any otherimpun'ty: for each impurity) maximum

0.25 per cent;
- total: maximum 25 per cent;
_ disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (d)

(0.1 per cent).
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substonces for
pharmaceutical use (2034) do not apply.

ASSAY
Gas chromatography (2.2.28) as described in the rest for

. . ifications.

CH,

CH,

CH,

CH,

CH,

CH,
HO

H,C

Injection Test solution (a) and reference solution (a).

System srn'tability Reference solution (a):
_ symmetry factor. minimum 0.6 for the principal peak.

Calculate the percentage content of C31H5203 from the
declared content of fJ.-uxophClyl acetateCRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A.. B, G, D, E.

c. aU-rac-2,5,7 ,8-tetramethyl-2-(4,8.12-trimethyltridecyl)-3,4­
dihydro-2H-l-benzopyran-6-01 (all-rcc-c-toccpherol),

B. all-rac-cis-2,3,4,6,7-pentamethyl-2-(4,8,12­
ttirnethyltridecyl)-2,3-dihydrobenzofuran-5-yl acetate,

D. 4-methoxy-2.3,6-trimethyl-5-1(aU-RS,E}-3,7,11,15­
tetramethylhexadec-2-enyl]phenyl acetate,

A. all-rac-trans-2,3)4,6)7-penramethyl-2-(4,8,12­
trimethyltridecyl)-2,3-dihydrobenzofuran-5-yl acetate,

examined and 10 mg of a-wcopherol R in cyclohexane R an
dilute to 100.0 mL with the same solvent.

Reference solution (c) Dissolve 10 mg of ali-rac-a-tocopheryl
acetatefor peak identification CRS (containing impurities A
and B) in cydohexane R and dilute to I mL with the same

solvent.
Reference solution (d) Dilute 1.0 mL of test solution (b) to
100.0 mL with cyclohexane R. Dilute 1.0 mL of this solution
to 10.0 mL with cydohexane R.

Oononn:
- material: fused silica;
- size: 1= 30 ill, 0 =0.25 mm;
_ stationary phase: melhylpolysiloxane R (film thickness

0.25 urn).

Carrier gas heliumfor chromatography R.

Flow rate 1 mIJrnin.

Spli, ratio 1:100.

Temperature:
_ column: 280°C;
_ injulian port and detector. 290 "C.

Detection Flame ionisation.

Injection 1 J.lL of test solution (b) and reference
solutions (a), (b), (c) and (d); inject directly onto the column
or via a sufficiently inert, glass-lined injection port using an
automatic injection device or other reproducible injection

method.
Run time Twice the retention time of all-rac-a-tocopheryl

acetate.
Identification of itt/pun"lies Use the chromatogram supplied
with all-rac-a-tocophetyl aceto'"for peak identification CRS and
the chromatogram obtained with reference solution (c) to
identify the peaks due to impurities A and B.
Relative retention With reference to all-rac-e-tocopheryl
acetate (retention time = about 15 min):
squalane =about 0.4; impurity A =about 0.7;
impurity B =about 0.8; impurity C =about 0.9j
impurities D and E =about 1.05 (eluting immediately after
the aU-rac-c(-tocopheryl acetate peak).

System suilability:
_ resolution: minimum 35 between the peaks due to

impurity C and aU-rac-ex-wcopheryl acetate in the
chromatogram obtained with reference solution (b);

_ in the chromatogram obtained with reference solution (a»
the area of the peak due to impurity C is not greater than
0.2 per cent of the area of the peak due to all-rcc-c­
tocopheryl acetate.
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---------- Ph,,,

RRR-Alpha-Tocopheryl Acetate

Reference solution (b) Prepare as described for test
solution (b), using a-tocopheryl acetate CRS instead of the
substance to be examined.
Plate TLC silicagel F254 plate R.

Mobile phase ether R, cyctohexone R (20:80 VIV).

Application 10 ur,
Development Over 2/3 of the plate.

Drying In a current of air.

Detection Examine in ultraviolet light at 254 om.
Results The principal spot in the chromatogram obtained
with test solution (a) is similarin position and size to the
principal spot in the chromatogram obtained with reference
solution (a). In me chromatograms obtained with test
solution (b) and reference solution (b), there may be 2 spots
depending on the degree of hydrolysis: the spot with me

CH,

CH,

CH,

CH,

CH,

H~H'
~~'

H,C

E. (all-RS,aU-E)-2,6,IO,14,19,23,27,3J­
octamethyldotriaconta-12j14,18~niene.

RRR-<>:-T. h / Aceta

Detection Flame ionisation.

Injection I ~L of test solution (b) and reference solutions (a)
and (b)j injectdirectlyonto the column or via a sufficiently
inert, glass-lined injection port using an automaticinjection
device or other reproducible injection method.
System suitability:
- resolution: minimum 3.5 between the peaks due to

a-tocopherol and c-tocopheryl acetate in the
chromatogram obtained with reference solution (b)j

- in the chromatogram obtained with reference solution (a),
the area of the peakdue to a-tocopherol is not greater

corresponds to the spot in the chromatogram obtained with
reference solution (a); the spot with the lower RF value is due
to c-tocopherol.

TESTS
Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.

Internal standardsolution Dissolve 1.0 g of squaJane R in
cydohexane R and dilute to 100.0 mL with the same solvent.
Test solution (a) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of the internal standard solution.
Test solunon (b) Dissolve 0.100 g of the substance to be
examined in 10.0 mL of cydohexone R.

Reference so/uwn (a) Dissolve 0.1 00 g of .-wcaphery/
acetate CRS in 10.0 mL of the internal standard solution.
Reference solution (b) Dissolve 10 mg of a-tocopherol Rand
10 mg of .-'aa>pheryl aceta,. R in cyclohexane R and dilute to
100.0 mL with the same solvent.
Column:
- material: fused silica;
- size: 1= 30 m, 0 ::: 0.25 mm;
- stationaryphase: meehylpolysiwxane R (film thickness

0.25 urn),

Carriergas heliumfor chromatography R.

Fhw rate 1 mUmin.

Splir ratio I: 100.

Temperature:

472.7

Action and use
Used in preventionand treatment of vitamin E deficiencies.

Ph,,, '--- _
DEFINITION
(2R)-2,5,7,8-Tetramethyl-2-[(4R,8R)-4,8,12­
trimethyltridecyl)-3,4-dihydro-2H-l-benzopyran-6-yl acetate.

Content
95.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
Clear, colourless or slightlygreenish-yellow, viscous, oily
liquid.

Solubility
Practically insoluble in water, freely soluble in acetone, in
anhydrous ethanol and in fatty oils, soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: AJ B.
Secondidentification: A, C.

A. Optical rotation (2.2.7): + 0.25° to + 0.35°.

Dissolve 2.50 g in anhydrous ethanol R and dilute to 25.0 mL
with the same solvent.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison a-t«opheryl acetate CRS.
C. Thin-layer chromatography (2.2.27).

Test solution (a) Dissolve 10 mg of the substance to be
examined in 2 mL of cyclohexane R.
Test solution (b) In a ground-glass stoppered rube, dissolve
about 10 mg of the substance to be examinedin 2 mL of
2.5 AI alcoholic sulfun·c acidR. Heat on a water-hath for
5 min. Cool and add 2 mL of waterRand 2 mL of
cydohexane R. Shake for 1 min. Use the upper layer.
Reference solution (a) Dissolve 10 mg of .-wrophery/
aceta,. CRS in 2 mL of cydohexane R.

Column

Injectionport

Detector

Time
(min)

0·15

Temperature
rq
280

290

290
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11-1184 Tocopheryl Acetate

than 0.2 per cent of the area of the peak due to

u-tocopheryl acetate.

Limits:
- total: maximum 4.0 per cent;
- disregard limit: 0.1 per cent.
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

ASSAY
Gas chromatography (2.2.28) as described in the test for
related substances withthe following modifications.
Injection Test solution(a) and reference solution (a).
System SUiUlb,7ity Reference solution (a):
- symmeuy factor: minimum 0.6 for the principal peak.

account the assigned content of rJ.-toropheryl acetate CRS.

STORAGE
Protected from light.

IMPURITIES

A. (2R)-2,5, 7,8-tetramethyl-2-[(4R,8R)-4,8,12­
rrimethyltridecyll-3,4-dihydro-2H-I-benzopyran-6-ol
(RRR-<X-tocopherol), .

B. (2R)-2, 5,8-rrimethyl-2-[(4R,8R)-4,8, 12-rrimethyltridecyl]­
3,4-dihydro-2H-l-benzopyran-6-yl acetate (RRR-Il­
tocopheryl acetate),

C. (2R)-2,7,8-rrimethyl-2-[(4R,8R)-4,8, 12-rrimethyltridecylj­
3,4-<1ihydro-2H-I-benzopyran-6-yl acetate (RRR-y­
tocopheryl acetate),

D. (2R)-2,8-dimethyl-2-[(4R,8R)-4,8,12-rrimethyltridecylj­
3,4-<1ihydro-2H-l-benzopyran-6-yl acetate (RRR-6­
tocopheryl acetate).

____________________ PIIE<r

2022

Alpha Tocopheryl Acetate
Concentrate (Powder Form)
(.-Towphery/ Acerace Concentrate (powder Form)
Ph. Eur. monograph 0691)

Action and use
Used in prevention and treatment of vitamin E deficiencies.

PllEu ~ _

DEFINITION
Preparation obtainedeitherby finely dispersing all-rae-a­
Tocophetylaceuue (0439) in a suitable carrier of suitable
quality (for examplegelatin, acacia) carbohydrates,
lactcprcteins or a mixture thereof) or by adsorbing alt-rac-o­
TocopheryL acetate (0439) on silicic acid of suitable quality.

on en
90.0 per cent to 115.0 per cent of the c-tocopheryl acetate
content stated on the label) which is not less than 25 g per
100 g of concentrate.

CHARACTERS
Appearance
Ahnost white, yellowish or light brown, smaU particles.

Solubility
Practically insolubleor sweUs or forms a dispersion in water,
depending on the formulation.

IDENTIFICATION
Fine identification: B.
Second identification: A.
A. Thin-layer chromatography (2.2.27).

Testsolution To a quantity of the preparation to be
examinedcorresponding to 50 mg of e-tocopheryl acetate
add 5 mL of 0.01 M hydrochlotic acid and treat with
ultrasound ar 60 ·C. Add 5 mL of anhydrous ethanol R and
10 mL of cycIahexane R, shake for 1 min and centrifuge for
5 min. Use the upperlayer.
Reference ,oIution Dissolve 50 mg of .-tacopheryl acetaU CRS
in cydohexane R and dilute to 10 mL with me same solvent.
Place TLC silica gelF", place R.
Mobile phase etherR, cyclahexane R (20:80 VW).

Application 10 ~L.

Development 314 of the plate.

Drying In a current of air.
Detection Examinein ultraviolet light at 254 om.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with the
reference solution.
B. Examine the chromatograms obtainedin the assay.
Results:

- the principal peakin the chromatogram obtained with
the test solution ls similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a),

- in me chromatogram obtained with reference
solution (c) no additional principal peakis observed
when compared with the chromatogram obtained with
the test solution.

ASSAY
Gas chromatography (2.2.28).

Internal standard soLution Dissolve 1.0 g of squalane R in
cyclohexane R and dilute to 500.0 mLwith the same solvent.
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Test solution Weigh accurately a quantity of the preparation
to be examined corresponding to about 0.100 g of
c-tocopheryl acetate into a 250 mL conical flask. Add 20 mL
of 1 AI hydrochloric acidand sonicate at 70°C for 20 min.
Add 50 mL of anhydrous ethanolRand 50.0 mL of the
internal standard solution. Mix thoroughly for 30 min using a
magnetic stirrer. Allow the 2 layers to separate and use the
upper layer.

Reference solmion (a) Dissolve 0.100 g of a-rowpheryl
QUla(e CRS in 50.0 mL of the internal standard solution.

Reference solution (b) Dissolve 10 mg of a-rowpherol Rand
10 mg of a-rowpheryl acerale CRS in 5.0 mL of cydghexane R.

Reference solution (c) Mix 1.0 mL of the test solution and
1.0 mL of reference solution (a).

Column:
- material: fused silica;

, ,
- stationary phase: methylpolysikJxane R (film thickness

0.25 urn).

Carrier gas heliumfor chromatOgraphy R.
Flow rale I mUmin.

Split ratio 1:100.

Temperature:
- column: 280 °Cj
- injection pon and detector: 290°C.

Detection Flame ionisation.

Injection 1 J.lLj inject directly onto the column or via a
sufficiently inert, glass-lined injection port.

Run time 1.1 times the retention time of c-tocopheryl
acetate.

Relativeretention With reference to c-tocopheryl acetate
(retention time =about 12 min): squalane =about 0.5;
a-tocopherol =about 0.9.

System suitaln7ity:
- resolution: minimum 3.5 between the peaks due to

a-tocopherol and c-tocopheryl acetate in the
chromatogram obtained with reference solution (b};

- in the chromatogram obtained with reference solution (a),
the area of the peak due to a-tocopherol is not greater
than 0.002 times the area of the peak due to a-tocopheryl
acetate (0.2 per cent).

Calculate the percentage content of C31Hj203 from the
declared content of a-tocopheryl autate CRS.

STORAGE
In an airtight, well-filled container, protected from light.

LABELLING
The label states the content of c-tocopheryl acetate,
expressed in grams per 100 g of concentrate.
- "'E"

Tocopheryl Hydrogen Succinate II-118S

Alpha Tocopheryl Hydrogen
Succinate
(DL-«-Toropheryl Hydrogen Succinale, Ph. Eur.
monograph 1258)

530.8

Used in prevention and treatment of vitamin E deficiencies.

"'E" _
DEFINITION
(2R5)-2,5, 7,8-Tetramethyl-2-[(4RS,8R5)-4,8,12­
trimethyltridecyl)-3,4-dihydro-2H-I-benzopyran-6-yl
hydrogen succinate.

Content
96.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or almost white) crystalline powder.

Solubility
Practically insoluble in water, very soluble in methylene
chloride, soluble in acetone and in anhydrous ethanol.

IDENTIFICATION
First ickntifirotion: B, D.

Second identification: A) C) D.

A. Absorbance (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison RRR-«-rowpherylhydrogen succinate CRS.

C. Thin-layer chromatography (2.2.27).

Test solution (aJ Dissolve 10 mg of the substance to be
examined in 2 mL of cyc10hexane R.

Test solution (b) In a ground-glass-stoppered tube, dissolve
10 mg of the substance to be examined in 2 mL of 2.5 M
akohoh"c sulfuric acidR. Heat on a water-bath for 5 min. Cool
and add 2 mL of waterRand 2 mL of cyc/ohexane R. Shake
for I min. Use the upper layer.

Reference solution (a) Dissolve 10 mg of RRR-«-wwpheryl
hydrogen succinate CRS in 2 mL of eyelohexane R.

Reference solution (b) Prepare as described for test
solution (b), using RRR-«-toaJpheryl hydrogen succinale CRS
instead of the substance to be examined.

Plale TLC silica gelF254 plale R.

MobIle phase glacial auric acid R, ether R, cyciohexane R
(0.2:20:80 VIVIV).

Application I0 ~L.

Development Over a path of 15 em.

Drying In a current of air.

Detection A Examine in ultraviolet light at 254 nm.

Results A The principal spot in the chromatogram obtained
with test solution (a) is similar in position and size to the
principal spot in the chromatogram obtained with reference
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solution (a). In the chromatograms obtained with test
solution (b) and reference solution (b), there are 2 spots: the
spot with the higher Rp value is due to a-tocopherol, the spct
with the lower RF value is due to m-c-tocopheryl hydrogen
succinate and corresponds to the spot obtained with
reference solution (a). Depending on the degree of
hydrolysis, the lower spot may be weak or even absent.

Detection B Spray with a mixture of 10 volumes of
hydrochloric acidR, 40 volumes of a 2.5 gIL solution off"";'
chloride R in ethanol (96 perunO Rand 40 volumes of a
10 gIL solution of phenanthroline hydrochloride R in ethanol
(96 per 'ent) R.
Results B In the chromatograms obtained with test
solution (b) and reference solution (b), the spot due to
a-tocopherol is orange.

evaporate just to dryness on a steam bath with the aid of a
stream of nitrogen. Add 10.0 rnL of me internal standard
solution. Vortex into solution.

Reference solution Weigb 30.0 mg of RRR-<J.-rowpheryl
hydrogen su,cinateCRS into a 20 mL vial. Add 2.0 mL of
methanol R, 1.0 mL of dimethoxypropane R and 0.1 mL of
hydrochloric acid R. Cap tightly and sonicate. Allow to stand
in the dark for 1 h ± 5 min. Remove from the dark, uncap
and evaporate just to dryness on a steam bath with the aid of
a stream of nitrogen. Add 10.0 rnL of the internal standard
solution. Vortex into solution.

Column:
- material: fused silica;
- size: / =15 m, (2) =0.32 mm;
- stationary phase: methylpo/ysiJoxane R (film thickness

0.25 pm).

S'D area of the peak due to domaoontane in the chromatogram
obtained with the test solution;

Sr area of lite peakwith me same retention time as that of rhe
peak: due to dotriacontane in the chromatogram obtained in the
interference lest;

S'T area 'of the peakdue to nu-e-toeopheryl hydrogen succinate in
the chromatogram oblain.edwilh the lest solution;

SrI area of the peak due to PL-<t-tocopherylhydrogen succinate in
the chromatogram obtained in the interference rest.

Measure the areas of the peaks due to RRR-<J.-tocopheryl
hydrogen succinate CRS eSc) and dotriacontane (SD) in the
chromatogram obtained with the reference solution and the
areas of the peaks due to DL-<t-tocopheryl hydrogen succinate
(S'T) and dotriacontane (S'D) in the chromatogram obtained
with the test solution.

Determine the response factor (RF) for DL-et-tocopheryl
hydrogen succinate from the areas of the peaks due to RRR­
.-tocopheryl hydrogen succinate CRS and dotriacontane in the

Detection Flame ionisation.

Injection 1~ inject directly onto the column or via a glass­
lined injection port using an automatic injection device or
some other reproducible injection method.

System suiwbilily Reference solution:
- resolution: minimum 12.0 between the peaks due to

dotriacontane and ut-co-tocopheryl hydrogen succinate.

Interference lesl Dissolve 0.100 g of the substance to be
examined in hexane R and dilute to 50.0 rnL with the same
solvent. Inject 1 J1L of the solution and record the
chromatogram. H a peak is detected with the same retention
time as that of the peak due to dotriacontane, calculate the
area of this peak relative to the peak area of the substance to
be examined. If the relative peak area is greater than
0.5 per cent, use the corrected peak area S'D(con:) for the
final calculation.

200 --> 250

250

JOO
JJO

Temperature
rC)

Tim.
(min)

0-10

10- 20

amer gas fUm or

Flow rate 3-6 mUmin.

Spl., rat';' I:10 to 1:20.

Temperature:

Injection POrt

Detector

Column

TESTS
Optical rotation (2.2.7)
-0.01° to + 0.01°.

Dissolve 2.50 g in anhydrous ethanol R and dilute to 25.0 mL
wil:h the same solvent.

Absorbance (2.2.25)
Solution A Dissolve 0.150 g in anhydrous ethanol R and
dilute to 100 mL with the same solvent.

Testsolution (a) Dilute 10.0 mL of solution A to 100.0 mL
with anhydrous ethanol R.
Test solution (b) Dilute 20.0 mL of solution A to 50.0 mL
with anhydrous ethanol R.
Absorption maximum At 284 run for test solution (a).

Absorption minimum At 254 run for test solution (b).

Specific absorbance at the absorption maximum 35 to 38 for
test solution (a).

Specific absorbance at the obsorpdon minimum 6.0 to 8.0 for
test solution (b).

Acid value (2.5.1)
101 to 108, determined on 1.00 g.

Free tocopherol
Maximwn 1.0 per cent.

Dissolve 0.500 g in 100 mL of 0.25 M akoholitsuljimc
acid R. Add 20 mL of waterRand 0.1 mL of a 2.5 gIL
solution of diphenylamine R in su!func acidR. Titrate with
0.01 M ammonium and cerium sulfate until a blue colour is
obtained that persists for at least 5 s. Carry out a blank
titration.

I mL of 0.01 M ammonium and cerium sulfate is equivalent to
2.154 mg of free tocophero!.

Related substances
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
phannaceutical use (2034) do not apply.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Gas chromatography (2.2.28).

Internal standard soluu<m Dissolve 0.300 g of domaconume R
in hexane R and dilute to 100.0 mL with the same solvent.

Test solution Weigh 30.0 mg of the substance to be
examined into a 20 mL vial. Add 2.0 mL of methanol R,
1.0 mL of dimethoxypropane Rand 0.1 mL of hydrochloric
acidR. Cap tightly and sonicate. Allow to stand in the dark
for 1 h ± 5 min. Remove from the dark, uncap and

www.webofpharma.com



2022 Tocopheryl Hydrogen Succinate II-118?

Soxmr
Srxmo

chromatogram obtained with the reference solution, using the
following expression:

Calculate the percentage content of DL-a:-tocopheryl
hydrogen succinate using the following expression:

100 xs;. xmo x RF

Sb(corr) xm

S'DC.......)

area of the peak due to dorriecootane in the chromatogram
obtained with die reference solution;
corrected area of me peak due 10 dotriacomane in the
chromatogram obtained with the test solution;
area of the peak due to RRR.-:t-t«ophtryl hydrogeJ.
succinate CRS in me chromatogram obtained with the

Second identification: A .. C, D.
A. Absorbance (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison RRR-«-UJrophery/ hydrogen SU«inate CRS.
C. Thin-layer chromatography (2.2.27).

Test solution (aJ Dissolve 10 mg of the substance to be
examined in 2 mL of cyclohexane R.

Test solution (b) In a ground-glass-stoppered tube, dissolve
10 mg of the substance £0 be examined in 2 mL of 2.5 M
akoholic sulfuric acidR. Heat on a water-bath for 5 min. Cool
and add 2 mL of waterRand 2 mL of cydohexane R. Shake
for 1 min. Use the upper layer.

Reference solution (a) Dissolve 10 mg of RRR-«-wropheryl
hydrogen succinate CRS in 2 mL of cyclohexane R.

Reference solution (b) Pre are as described for test

-------------- PhE"

PhE" _

Action and use
Used in prevention and treatment of vitamin E deficiencies.

, . wgen succmate
instead of the substance fa be examined.

Plate TLC silica gelFm plateR.

Mobile phase glacial acetic acidR, ether R, cyclohexane R
(0.2:20:80 VIVIJI).

Appliauion 10/lL.

Development Over a path of 15 em.

Drying In a current of air.

Detection A Examine in ultraviolet light at 254 om.
ResuluA The principal spot in the chromatogram obtained
with test solution (a) is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a). In the chromatograms obtained with test
solution (b) and reference solution (b), there are 2 spots: the
spot with the higher RF value is due to u-tocopherof, the spot
with the lower RF value is due to RRR-a-tocopheryl
hydrogen succinate and corresponds to the spot obtained
with reference solution (a). Depending on the degree of
hydrolysis, the lower spot may be weak or even absent.

Deteaion B Spray with a mixture of 10 volumes of
hydrochlaric acid R, 40 volumes of a 2.5 gIL solution offerrie
ehloride R in etharuJI (96 per ten!> R and 40 volumes of a
10 gIL solution of phenanthroline hydrodJloride R in ethanol
(96 per<en!> R.

Results B In the chromatograms obtained with test
solution (b) and reference solution (b), the spot due to
a-tocopherol is orange.

D. After saponification, the resulting RRR-a-tocopherol is
dextrorotatory (2.2.7). The specific optical rotation after
oxidation to the quinone form is not less than + 24.

Carry out the test awiding exposure to aainic light Transfer
1.0 g to a round bottomed, ground-glass-stoppered, 250 mL
flask, dissolve in 30 mL of anhydrous ethanol R and heat
under reflux for 3 min. While the solution is boiling, add,
through the condenser, 20 mL of 2 M alccholi< potassium
hydroxide R. Continue heating under reflux for 20 min and,
without cooling, add 4.0 mL of hydrochlori< acidR dropwise
through me condenser. Cool, rinse the condenser with
10 mL of anhydrous ethanol R, transfer the contents of the
flask to a 500 mL separating funnel, and rinse the flask with
4 quantities, each of 25 ml., of water Rand 4 quantities,
each of 25 mL, of ether R. Add the rinsings to the separating
funnel. Shake vigorously for 2 min, allow the layers to
separate and collect each of the 2 layers in individual
separating funnels. Shake the aqueous layer with 2 quantities,
each of 50 mi., of etherR and add these extracts to the main
ether extract. Wash the combined ether extracts with

4345-03-3530.8

area 0 e pea ue to m-c-rocop ery ydrogen succinate
in ihe chromatogram obtained with the test solution;
mass of dotriacontane in the test SOlutionand in the
reference solurion, in milligrams;
mass of RRR-a-toropheryl hydrognr suainare CRS in the
reference solution, in milligrams;
mass of the substance to be examined in the test solution. in
milligrams.

T

..

C,,I!,,o,

RRR·Alpha-Tocopheryl Hydrogen
Succinate

:¢j
CH' CH, H

H,C // 0 .•~r "CH3
~ I CHo -e, ,0\CH, ,[ CH, CH,

Co,H

(RRR-«-Tocopheryl Hydrogen Succinate, Ph. Bur.
monograph 1259)

DEFINITION

(2R)-2,5,7,8-Tetramethyl-2-[(4R,8R)-4,8,12­
trimethyltridecylj-3,4-dihydro-2H-l-benzopyran-6-yl
hydrogen succinate.

Content
96.0 per cent to 102.0 per cent.

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility

Practically insoluble in water, very soluble in methylene
chloride, soluble in acetone and in anhydrous ethanol.

IDENTIFICATION
Firstidentification: B, D.

STORAGE
Protected from light.
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4 quantities, each of 100 ml., of water R and discard the
washings,

To the ether solution add 40 mL of a 100 gIL solution of
potassium jenicyaniJe R in an 8 gIL solution of sodium
hydroxide R and shake for 3 min. Wash the ether solution
with 4 quantities, each of 50 mL, of waterR, discard the
washings and dry me ether layer over anhydrous sodium
sulfau R. Evaporate the ether on a water-hath under reduced
pressure or in an atmosphere of nitrogen until a few
rnillilitres remain, then complete the evaporation removing
the last traces of ether without the application of heat.
Immediately dissolve the residue in 25.0 mL of
ttimethylpentane R and determine the optical rotation.

Calculate the specific optical rotation of the substance in the
test solution using as c me number of grams equivalent to

methanol R, 1.0 mL of dimethoxypropane Rand 0.1 mL of
hydrochloric add R. Cap tightly and sonicate. Allow to stand
in the dark for l h ± 5 min. Remove from the dark, uncap
and evaporate just to dryness on a steam bath with the aid of
a stream of nitrogen. Add 10.0 mL of the internal standard
solution. Vortex into solution.

Column:
- material: fused silica;
- size: 1= 15 m, 12) = 0.32 mm;
- stationary phase: methy/polysi/Qxane R (film thickness

0.25 urn).

Carrier gas helium for chromatography R.
Flow Tate 3-6 mUmin.

Split ratw 1:10 to 1:20.

Temperature:

S'n area of the peak due to dcrriacontane in the chrcmarogram
obtained with me lest solutioo;

SI area of the peakwith me same mention lime as that of the
peak due to dotriacontane in the chromatogram obtained in the
interference test;

S'T area of me peak due to RRR-<r.-tocopherylhydrogen succinate
in the chromatogram obtained wuh the test solution;

SrI area of the peak due 10 RRR-<r.-tocopherylhydrogen succinate
in the chromatogram obtained in the interference test.

Measure the areasof the peaks due to RRR-«-wccpheryl
hydrogen succinate CRS (Sr) and dotriacontane (SD) in the
chromatogram obtained with the reference solution and the
areas of the peaks due to RRR-a-tocopheryl hydrogen
succinate (S'T) and dotriacontane (SiD) in the
chromatogram obtained with the test solution.

Determine the response factor (RF) for RRR-a-tocopheryl
hydrogen succinate from the areas of the peaks due to RRR­
a-tJX()pheryi hydrogen ""dnate CRS and dotriacontane in the
chromatogram obtained with the reference solution) using the
following expression:

200 ---> 250

250

300

330

Temperature
CCJ

Tbn.
(mln)

0- to
10 - 20

Column

Injection port

Detector

Detection Flame ionisation.

Injurion 1 ~Lj inject directly onto the column or via a glass­
lined injection port using an automatic injection device or
some other reproducible injection method.

Systemsuitability Reference solution:
- resolution: minimum 12.0 between me peaks due to

dotriacontane and RRR-«-tocopheryl hydrogen succinate.

Imoference test Dissolve 0.100 g of the substance to be
examined in hexane R and dilute to 50.0 mL with the same
solvent. Inject 1 J1L of the solution and record the
chromatogram. If a peak is detected with the same retention
time as that of the peak due to dctriacontane, calculate the
area of this peak relative to the peak area of the substance to
be examined. H the relative peak area is greater than
0.5 per cent, use the corrected peak area S'O(corr) for the
final calculation.

TESTS
Absorbance (2.2.25)
Souuion A Dissolve 0.150 g in anhydrous ethanol Rand
dilute to 100 mL with the same solvent.

Test solution (a) Dilute 10.0 mL of solution A to 100.0 mL
with anhydrous ethanol R.

Tes< solution (b) Dilute 20.0 mL of solution A to 50.0 mL
with anhydrous ethanol R.
Absorption maximum At 284 run for test solution (a).

Absorpuon minimum At 254 run for test solution (b).

Specific absorbance at the absorption maximum 35 to 38 for
test solution (a).

Specific absorbance at the absorption minimum 6.0 to 8.0 for
test solution (b).

Acid value (2.5.1)
101 to 108, determined on 1.00 g.

Free tocopherol
Maximum 1.0 per cent.

Dissolve 0.500 g in 100 mL of 0.25 M akoholic su/furi<
acidR. Add 20 mL of waterRand 0.1 mL of a 2.5 gIL
solution of diphenylamine R in sulfun"c acidR. Titrate with
0.01 J\-1 ammonium and cerium sulfate until a blue colour is
obtained that persists for at least 5 s. Carry out a blank
titration.

1 mL of 0.011\-1 ammonium and cerium sulfate is equivalent to
2.154 mg of free tocopherol,

Related substances
The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances jar
pharmaceutical use (2034) do not apply.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

ASSAY
Gas chromatography (2.2.21I).

Internal standard solution Dissolve 0.300 g of dotriacontane R
in hexane R and dilute to 100.0 mL with the same solvent

Test solution Weigh 30.0 mg of the substance to be
examined into a 20 mL vial. Add 2.0 mL of methanol R,
1.0 mL of dimethoxypropane Rand 0.1 mL of hydroduori<
acidR. Cap tightly and sonicate. Allow to stand in the dark
for 1 h ± 5 min. Remove from the dark, uncap and
evaporate just to dryness on a steam bath with the aid of a
stream of nitrogen. Add 10.0 mL of the internal standard
solution. Vortex into solution.

Reference solution Weigh 30.0 mg of RRR-«-wccphery/
hydrogen succinate CRS into a 20 mL vial. Add 2.0 mL of
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Calculate the percentage content of RRR-et-tocopheryl
hydrogen succinate using the following expression:

SD

S'O(COII)

S'T

100 X ST x trlD x RF

S~(oorr) x m

area of the peak due to dorriacomane in the chromatogram
cbtalned with the reference solution;
corrected area of the peak due to dotnaconrane in the
chromatogram obtained with the test solution;
area of the peak due to RRR-a.-torophtryl hydrogen
11l«ina.u CRS in the chromatogram obtained wilh the
reference solution;
area of the peak due to RRR-a-locopheryl hydrogen
succinate in the chromatogram obtained with the test
solution;
mass of dornacontane in the lest solutionand in me
reference solution, in milligrams;
mass of RRR--:r.-1 mcanatt CRS in me

Test solution (b) Dilute 10.0 mL of test solution (a) to
250.0 mL with methanol R.

Spectral range 245-300 am for test solution (a); 220-235 nm
for test solution (b).

Absorption maxima At 258 nm, 263 nm and 275 nm for test
solution (a), at 228 nm for (est solution (b).

Shoulder At 268 am for test solution (a).

Specific absorbance at the absorption maximum 480 to 520 for
test solution (b).

C. Infrared absorption spectrophotometry (2.2.24).

Comparison wlbutamide CRS.

D. To 0.2 g add 8 mL of a 500 gIL solution of sulfuric acid R
and heat under a reflux condenser for 30 min. Allow to cool.
Crystals are formed which, after recrystallisation from hot
waler R and drying at 105°C, melt (2.2.14) at 135 °C to

----------- PhE"

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method If).

Dissolve 0.2 ginS mL of dilute sodium hydroxide solution R
and add 5 mL of water R.

pH (2.2.3)
4.5 '0 5.5.

To 2.0 g add 50 mL of carbon dioxide-free waterR and heat at
70 "C for 5 min. Cool rapidly and filter.

Related substances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.

Test solution Dissolve 50 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Reference solulwn (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve 10 mg of toluenesulfonamide R
(impurity A) and 10 mg of wluenesulfonylurea R (impurity B)
in the mobile phase and dilute '0 10.0 mL with the mobile
phase. Dilute 1.0 mL of this solution to 100.0 mL with the
mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octad«y/silyl silica gelfar

chromalCgraphy R (5 urn).

Mabile phase Mix 35 volumes of acetonitrile RI and
65 volumes of a 1.36 gIL solution of potassium dihydrogen
phosphate R adjusted to pH 3.5 with phosphoric acid R.
Flow rate 1.5 mUmin.

) Detection Spectrophotometer at 230 nm.

Injection 20 IlL.
Run time 1.5 times the retention time oftolbutamide.

Identification 0/impurities Use me chromatogram obtained
with reference solution (b) to identify the peak due to
impurities A and B.

Relau"ve retention With reference to tolbutamide (retention
time = about 18 min): impurity B = about 0.2;
impurity A = about 0.3.

System suitabIlity Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impuritites A and B.

64-77-7270.3

, ,
mass of the substance to be examined in me rest solution, in
milligrams."'

Action and use
Inhibition of ATP-dependent potassium channels
(sulfonylurea); treatment of diabetes mellitus.

Preparation
Tolbutamide Tablets

(Ph. Bur. monograph 0304)

DEFINmON
l-Butyl-3-[(4-methylphenyl)sulfonyllurea.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
PracticaUy insoluble in water, soluble in acetone and in
ethanol (96 per cent). It dissolves in dilute solutions of alkali
hydroxides.

IDENTIFICATION
First identification: A, C.

Second identification: A, B, D.
A. Melting point (2.2.14): 126 -c to 130 'C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test sohuion (a) Dissolve 25.0 mg in methanol R and dilute
to 100.0 mL with the same solvent.

Tolbutamide

STORAGE
Protected from light.

PhE" _
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DEFINITION

1371Q-19C5261.7

(ph. Eur. monograph 2039)

Tolfenamic Acid

Action and use
Cycle-oxygenase inhibitor; analgesic; anti-inflammatory.

"'Ell~ ~

Limits:
- unspecified impurities: for each impurityJ not more than the

area of me principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained withreference solution (a)
(0.3 per cent);

- disregard limir. 0.5 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Dissolve 0.250 g in a mixture of 20 mL of waterRand
40 mL of,thanol (96 percem) R. Titrate with 0.1 M sodium
hydroxid', using I mL of ph,nolphthal,in solution R as
indicator.
I mL of 0.1 M sodium hydroxide is equivalent to 27.03 mg of
ClzHlSNz03S.

STORAGE
In an airtight container.

IMPURITIES
Otherdetmabl, impurities (the Jollowing sub"ances would, if
present a, a su!fic;'",level, b, detected by on, or otheroj ,he tests
in the monograph. They are limited by the g,neralacup",,,,,e
ctitetion Jorolherlunspttified'impurities andlor by the general
monograph Subs",nces Jor pharma""tical use (2034). 1, is
therefore notnecessaty to identify these impun"tUs for
demonstration oJcamplia"",. See also 5.10. Control oJimpuniies
in substances forpharmaceutical use) A, B, C.

A. (4-methylphenyl)sulfonamide (toluenesulfonamide),

B. 1-[(4-methylphenyl)sulfonyl]urea (toluenesulfonylurea),

C. l-azepan-l-yl-3-[(4-methylphenyl)sulfonyl]urea
(toJazamide).

___________________ "'Ell

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellow,crystalline powder.

Solubility
Practically insoluble in water, solublein dimethylfonnamide,
sparingly soluble in anhydrous ethanol and in methylene
chloride. It dissolves in dilute solutions of alkali hydroxides.

mp
About 213 "C.

IDENTIFICATION
First identification: B.
Second identification: A, C.
A. Dissolve 20 rng in a mixture of I volume of 1 M
hydro<hloric acidand 99 volumes of methanol R and dilute to
100 mL with the same mixture of solvents. Dilute 5.0 mL of
the solution to 50 mL with a mixture of 1 volume of 1 M
hydro<hloric acidand 99 volumes of methanol R. Examined
between 250 om and 380 om (2.2.25), the solution shows 2
absorption maxima, at 286 nm and 345 nm. The ratio of the
absorbance measured at the maximum at 286 run to that
measuredat the maximum at 345 nm is 1.2 to 1.4.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison tolfenamic acidCRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 25 mg of the substance to be
examined in a mixture of 1 volume of methanol Rand
3 volumes of methylene chloride Rand dilute to 10 mL with
the same mixture of solvents.
Reference solution Dissolve 25 mg of wlJenamic acidCRS in a
mixture of 1 volwne of methanol R and 3 volumes of
methylene chloride R and dilute to 10 mL with the same
mixture of solvents.
Pia", TLC silica gelGF254 pia", R.
Afobile phase glacial acetic acidR, dioxon R, toluene R
(1:25:90 VIVIV).

Applicau"on 10 ~L.

Deoelopment Over 2/3 of the plate.

Drying In a current of warm air.
Detection Ultraviolet light at 254 nm.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position,colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

www.webofpharma.com



2022 Tolnaftate II-II9I

TESTS
Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in 5 mL of anhydrous ethanol R and dilute to
50.0 mL with the mohile phase.

Reference solution (a) Dissolve 25.0 mg of 2-eh/orobenzoic
acidR (impurity A) and 25.0 mg of 3-chloro-2-methylaniline R
(impurity B) in 5 mL of anhydrous ethanol R and dilute to
50.0 mL with the mobile phase. Dilute 1.0 mL of the
solution to 50.0 mL with the mobile phase. Dilute 1.0 mL of
this solution to 10.0 mL with the mobilephase.
Reference soluuon (b) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.
Cofumn:

Otherdetectable impurities (thefollowing substances would, if
present at a rafficienclevd, bedetected by eme or otherof the tests

in themonograph, They are limited by thegeneral acceptance
criterion for otherhmspecified impurities and/or by thegeneral
monograph Substances forpharmaceutical use (2034). It is
there/ore notnecessary to identify these impurities for
demonstration o/compliance. Seealso 5.10. Control of impurities
in substances for pharmaceutical use) c.

A. 2-chlorobenzoic acid,

CH,

-- PIIE<I

2398-96-1307.4

(ph. Bur. monograph 1158)

('1 s ~
HC~N)l,O~

3 ,

CH,

Acdon and use
Antifungal.

Tolnaftate

PIIEv _

DEFINITION
O-Naphthalen-2-yl methyl(3-methylphenyl)carbamothioate.

Content
97.0 per cent to 103.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white powder.

Solubility
Practically insoluble in water, freely soluble in acetone and in
methylene chloride, very slightly soluble in elhanol
(96 per cent).

IDENTlFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tolnafuue CRS.

TESTS
Impurity D
liquid chromatography (2.2.29).

B. 3-ehloro-2-methylaniline,

C. 3-cWoto-4-methylacridin-9(1OH)-one.

-Hze:=. m, =.D1TI1j

- stationary phase: end-capped oaadecy/sifyl silica gelfor
chromatography R (5 flII1)-.

Mobile phase glacial acetic acid R, waterfor chromatography R,
anhydrous ethanof R (0.2:35:65 VIVII').
Flow rale 0.8 mllmin.

Detection Spectrophotometer at 232 run.
. Injection 20 flL.
Run time 3 times the retention time of tolfenamic acid.
Relative retention With reference to tolfenamic acid
(retention time =about 15 min): impurity A =about 0.25;
impurity B = about 0.34.

System suitabiltiy Reference solution(a):
- resolution: minimum 2.5 between the peaks due to

impurity A and to impurity B.
Limits:
- impun'ty A: not more than the area of the corresponding

peakin the chromatogram obtained withreference
solution (a) (0.1 per cent);

- impun',y B: not more than half the area of the
corresponding peak in the chromatogram obtained with
reference solution (a) (0.05 percent):

- unspecified impurities: foreach impurity, not more than the
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.5 per cent);

- disregard limit 0.1 times the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.01 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g with the aid of ultrasound in 100 mL of
anhydrous ethanof R. Add 0.1 mL ofphenolred solution R and
titrate with 0.1 M sodium hydroxide.
1 mL of 0.1 M sodium hydroxide is equivalent to 26.17 mg of
C,.,J{I2CINOz.

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B.
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Testsolution Dissolve 0.400 g of the substance to be
examined in 2 mL of methylene chloride R. Extract with
3 quantities, each of 3 mL, of 0.01 M hydrochloric acid.
Combine the aqueous phases and dilute to 10.0 mL with
0.01 M hydrochloric acid.
Reference solution (a) Dissolve 20.0 mg ofN-me.h~-m­
wluidine R (impurity D) in 50.0 mL of methylene chloride R.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with methylene chloride R. Take 2.0 mL of this
solution and extract with 3 quantities, each of 3 rnI.., of
0.01 M hydrochlonc acid. Combine the aqueous phases and
dilute to 10.0 mL with 0.01 M hydrochloric acid.
Reference solution (c) Dissolve 10 mg of the substance to be
examined in 25 mL of methanol R. Add 2 mL of this solution
to 2 mL of reference solution (a) and dilute to 25 mLwith

Column:
- size: 1= 0.15 m, 0 = 4.6 nun;
- stationary phase: ocradery/si/yl silica gelfor chromatography R

(5 urn).

Mob,7e phase:
~ mobile phase A: tnlluoroaceuc add R) methanol R) water R

(0.1:10:90 VIVIJI);
~ mobile phase B: triftuoroacetic acidR) water R) methanol R

(0.1:10:90 VIVIJI);

Time MobUe phase A MobUe phase B
(min) (per cent JIm (per cent JIm
.·3 70 3.

3·8 ·70 -> 0 30 -> 100

8·20 o 100

Flow ra'" 1.0 mUmin.

Detection Spectrophotometer at 254 nm.
Injection 100 ul, of the test solution and reference
solution (b); 10 ~L of reference solution (c).

Relative retention With reference (0 tolnaftate (retention
time =about IS min): impurity D =about 0.25.

System suitability:
~ resolution: minimum 5.0 betweenthe peaks due to

impurity D and tclnaftate in the chromatogram obtained
with reference solution (e);

- symmetry factor. maximum 1.9 for the peakdue to
impurity D in the chromatogram obtained with reference
solution (b).

Limit:
- impun'ty D: not more than the area of the principal peak

in the chromatogram obtained withreference solution (b)
(20 ppm).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25 mg of the substance to be
examined in 5 mL of mechanol R and dilute to 25.0 mL with
the same solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methanol R. Dilute 1.0 mL of this solution to
10.0 mL with merhanol R.
Reference solution (b) Dissolve 5 mg of tdnaftate for system
suitabilir.y CRS (containing resolution componentA) in
5.0 mL of methanol R.
Column:
- size: 1= 0.15 m, (2) = 4.6 nun;

2022

- stationary phase: oCladuy/silyl silica gelfor chromatography R
(5 pm).

Mobile phase:
- mobile phase A: tn"ftuoroacetit acidR, waW R, methanol R

(0.1:30:70 VIVIJI);
- mobile phase B: tnfluoroaceu·c acid R, waterR, methanol R

(0.1: 10:90 VIVIJI);

Time Mobile phase A Mobile phase B
(mIn) (per cent VIJI) (per cent vm
0-12 100 o
12 - 30 100 ---> 0 o --J 100

30 - 33 0 100

Flow ra'" 1.0 mU min.

Injection 10 ~L.

Relative retention Withreference to rolnaftate (retention
time =about 18 min): resolution component A =about 0.7.
System suitability Reference solution (b):
- resolution: minimum 5.0 between the peaks due to

resolution component A and tolnaftate.

Limits:
- unspecified impurities: foreach impurity) not more than the

area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 percern):

- total: not more than twice the area of the principal peakin
the chromatogram obtained withreference solution (a)
(0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying at
60°C at a pressure not exceeding 0.7 kPa for 3 h.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 50.0 mg in mechanol R and dilute to 250.0 mL with
the same solvent. Dilute 2.0 mL of this solution to 50.0 mL
with mechanol R. Measure the absorbance (2.2.25) at the
absorption maximum at 257 DDl.

CalCulate the content of C ,.H 17NOS taking the specific
absorbance to be 720.

STORAGE
Protected from light.

IMPURITIES
Specified impurities D.
Ocher detectable impuriries (che fdWwing substan"" would, if
present ar a sufficien,leve/, bedetecud by oneorocher of the ""IS
in rhe monograph. They are limiled by the general acceptan",
aiterum for ocherlunspecified impurities andlor by tbegeneral
monograph Subsean"" forpharmaceutical use (2034). I. is
therefore notneusrary W identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A... B.

~
HO~

A. naphthalen-z-ol (jl-naphthol),
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te

B. OJG-dinaphthalen-2-yl carboncthioate,

D. N,3-dimethylaniline (N-methyl-m-toluidine).

Reference solution (a) Dissolve 2 mg of touemdine for system
suitab~jty CRS (containing impurity F) in the mobile phase
and dilute (Q 50.0 mL withthe mobile phase.
Reference solution (b) Dilute 0.5 mLof the test solution to
100.0 mL with the mobile phase.

Column:
- size: 1= 0.10 m, 0 = 2 mm;
- stationary phase: al-acid-glycoprotein silica gelfor chiral

separation R (5 um).
Mobile phase 2-methylpropano/ R, solution A (7:93 VIV).

Flow rate 0.2 mIlmin.
___________________ PhEcr Delation Spectrophotometer at 220 run.

Injection 20~.

Run time 1.5 times the retention time of toherodine.
***** Rdative retention With reference to tolterodine (retention

(ph. Eur. monograph 2781)

Pl>EII _

o
o -oJ 20

MobUe phase B
(per cent VIV)

100

100 -oJ 80

MobUe phase A
(per cent VIV)

Time
(min)

Flow rate 1.5 mIlmin.

Detection Spectrophotometer at 220 run.

System suitability Reference solution (a):
- peak-to-'Volley ratio: minimum 2.5, where Hp = height

above the baseline of the peakdue to impurity F and
H" = height above the baseline of the lowest point of the
curve separating this peakfrom the peakdue to

tolterodine.
Calculation of percentage content:
- for impurity F, use the concentration of tolterodine

tartrate in reference solution (b).

Limit:
- impurity F: maximum 0.6 per cent.

Related substances
liquid chromatography (2.2.29).

Test solution Dissolve 25 mg of the substance to be
examined in 10 mL of methanol RI, sonicateuntil dissolution
is complete and dilute to 25.0 mLwith methanol RI.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with methano/ Rl. Dilute 1.0 mL of this solution
to 10.0 mL with methonol Rl.
Reference so/uticn (b) Dissolve 2 mg of toIterodine
impurity E CRS in methanol R/ and dilute to 10.0 mL with
methanol Rl. Dilute 1.0 mL of the solution to 20.0 mL with
methanol RI.
Reference solution (c) Dissolve 25 mg of the substance to be
examined in 10 mL of methanol RI. Sonicate untildissolution
is complete.Add 5 mL of reference solution (b) and dilute to
25.0 mL with methanol Rl.

Column:
- size: 1= 0.25 m, 12) = 4.6 mm;
- stationary phase: base-deactivated end-capped octadecyhUyl

SIlica gelfor chromatagraphy R (5 urn).

Mob~e phase:
- mobile phaseA: mix 5 volumes of triethylamine R2 and

450 volumes of a 2.88 gIL solution of ammonium
dihydrogen phosphate R; adjust to pH 5.9 with a
50 per cent VIV solution ofphosphoric ocidR; add
550 volumes of methanol RIj

- mobile phaseB: methanol RIi

124937-52-6475.6

CH,

C,oH"NO,

Action and use
Anticholinergic.

Preparations
Tolterodine Prolonged-release Capsules
Tolterodine Tablets

DEFINITION
2-[(1R)-3-[Bis(I-methylethyl)amino]-I-phenylpropyl]-4­
methylphenol (2R,3R)-2,3-dihydroxybutanedioate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Sparingly soluble in water, slightly soluble in anhydrous
ethanol, practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison toherodine tartrate CRS.
B. Enantiomeric purity(see Tests).
C. It gives reaction (b) of tartrates (2.3./).

TESTS
Enantiomerlc purity
liquid chromatography (2.2.29).

Solution A Dissolve 0.29 g of sodium dihydrogen phosphate
monohydrate Rand 0.47 g of disodium hydrogen phosphate
dihydrate R miL of waterR. Dissolve 1.04 g of
cetrabury/ammonium bromide R in this solution.
Test solution Dissolve 4.0 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mLwith
the mobile phase.
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Injection 20 ~L of the test solution and reference
solutions (a) and (c).

Identification of impurities Use me chromatogram obtained
withreference solution (c) to identify the peakdue to
impurity E.

Relative retention With reference to tolterodine (retention
time = about 7 min): tartaric acid == about 0.2;
impurity E = about 0.9.

System suitabiliry Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurityE and tolterodine.
Calculation 0/percentage contents:
- for each impurity, use the concentration of tolterodine

tartrate in reference solution (a).
Limits:

0.10 per cent;
- total: maximum 0.3 per cent;
- reponing threshold: 0.05 per cent; disregard the peak due to

tanaric acid.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 30.0 mL of anhydrous acetic acidRand
sonicateuntil dissolution is complete. Titrate with 0.1 M
perchlonc acid, determining the end-point potentiometrically
(2.2.20).

I mL of 0.1 M perchloric acid is equivalent to 47.56 mg of
C2.H"N07 •

IMPURITIES
SjJ<Cified impurities F.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They a~ limited by the general acceptance
criten'on for orherlunspeafied impun'ties and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, G, D, EJ G.

2022

HctCO H" iJ J:' and enan!iom..
I "'" ~ CH,

4"

CH,

D. (3RSJ-3-(2-methoxy-5-methylphenyl)-N-(l-methylethyl)­
3-phenylpropan-l-amine,

J:3 andenanliomer

~ CH,

E. 4-methyl-2-[(IRSJ-3-[(I-methylethyl)aminol-l­
phenylpropyl)phenol,

F. 2-[(ISJ-3-[bis(l-methylethyl)amino]-I-phenylpropyl)-4­
methylphenol,

CH,

G.2-[(IR)-3-[bis(l-methylethyl)aminol-l-phenylpropyl)-4­
methylphenol N-oxide.

____________________ PIlE"

A. (3RSJ-3-(2-methoxy-5-methylphenyl)-3-phenylpropan-l­
01,

CH,

OH aIldeoaollomer

Topiramate
(Ph. Eur. monograph 2616)

PIlE" _CH,

Action and use
Antiepileptic.

339.4 97240-79-4

C. (3RSJ-3-(2-methoxy-5-methylphenyl)-N,N-bis(l­
methylethyl)-3-phenylpropan-l-amine,

DEFINITION
2,3:4,5-Bis-0-(propan-2,2-diyl)-Il-D-Iructopyranose
l-sulfamate.
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Content
98.0 per cent CO 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Slightly soluble in water, freely soluble in methanol andin
methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison topiramate CRS.

TESTS
Specific optical rotation (2.2.7)
-32 to -29 (anhydrous substance).

D's lye 0.200 in methanol R and dilute to 50.0 mL with
e same so vent.

Impurity A
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 40.0 mg of the substance to he
examined in 1.0 mL of methanol R.
Reference solution (a) Dissolve 10.0 mg of topiramate
impuri<y A CRS in methanolR and dilute to 50.0 mL with the
same solvent. Dilute 2.0 mL of the solution to 5.0 mLwith
methanol R.
Reference solution (b) Dissolve 40 mg of the substance to be
examined in 1 mL of reference solution (a).
Plate TLC silanised siJkagel plate R.
Pretreatment Wash the'plate with methanol R and allow to
dryin air.
Mobilephase methanol R, aatonitriJe R, 29 gIL solution of
sodium ehloride R (15:35:50 VlVfII).
App/ieatWn 5 ~L.

Development Over 213 of the plate.

Drying In air.
Detection Spray with a solution prepared by dissolving 3 g
of phenolR in 95 mL of ethanol (96 per eent) R and carefully
adding 5 mL of sulfuric acid R; allow to dry in air, then heat
at 125°C for 10 min. Use transmittance mode.
Retardation factors Topiramate= about 0.43;
impurity A = about 0.55.

System suitability:
- the chromatogram obtained withreference solution (b)

shows 2 clearly separated spots due to topiramate and
impurity A.

Limit:
- impun"ty A: any spot due to impurity A is not more

intense than the corresponding spot in the chromatogram
obtainedwith reference solution (a) (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture acetouitrile Rl, mobile phase A (20:80 VIV).
Test soiuuon (a) Dissolve 50.0 mg of thesubstance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solvent mixture.
Test solution (b) Dilute 1.0 mL oftest solution (a) to
20.0 mL with the solvent mixture. Dilute 5.0 mL of this
solution to 50.0 mL with the solvent mixture.
Reference solution (a) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Topiramate 11-1195

Reference solution (b) Dissolve 15.0 mg of topiramate
impurity E CRS in the solvent mixture and dilute to 50.0 mL
with the solventmixture. Dilute 5.0 mL of the solution to
200.0 mL with the solventmixture.
Reference solution (c) Dissolve 5 mg of the substance to be
examined in 1 mL of a mixture of 2 volumes of
acetonitrile Rl, 4 volumes of waterfor chromolOgraphy Rand
4 volumes of anhydrous fonnic acid R. Incubate at 60°C for
30 min (in situ preparation of impurity C). Dilute 20 ~L of
the solution to 1 mL with a 25 mgILsolution of fructose R
(impurity E).

Reference sdution (d) Dissolve 25.0 rng of topiramoie CRS in
10.0 mL of the solvent mixture and dilute to 100.0 mL with
the solvent mixture. Dilute 5.0 mL of the solution to

50.0 mL with the solvent mixture.

Column:

- srau·onary phase: end-copped solidcore
pentafiuorophenylpropyhilyl silica gelJor chromatography R
(2.6 urn);

....,- temperature: 40°C.
Mobile phase:
- mobile phaseA: 1.93 gILsolution of ammonium acetate R

adjusted to pH 3.5 with glacial acetic acid Rj
- mobile phaseB: acetonitrile Rl;

Tbn. Mobile phase A Mobile phase B
(mln) {per cent JIm (per cent JIm
0-5 80 '0

5 - 15 80 ..... 50 20 ..... 50

15 - 15.1 50 ..... 80 50...... 20

Flow rare 1.0 mllmin.
Detection Charged aerosol detector:
- range: 100 pA;
- filter. none.
Injection 20,..L of test solution (a) and reference
solutions (a), (b) and (c).
Idendfiauion of impun·tits Use the chromatogram obtained
withreference solution(b) to identify the peak due to
impurity E.
Relative retention Withreference to topiramate (retention
time c about 5.6 min): impurity E::;; about 0.18;
impurity C = about 0.25.
System suitability Reference solution (c):
- resolution: minimum 4.5 between the peaks due to

impurities E and C.
Calculation of percentage contents:
- for impurity E, use the concentration of impurity E in

reference solution (b) and the height of the peak due to
impurity E;

- for impurities otherthan E, use the concentration of
ropiramare in reference solution (a).

Limits:
- impun·ty E: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.
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11-1196 Torasemide

ASSAY
Liquid chromatography (2.1.29) as described in the test for
related substances with the following modifications.
Injection Test solution (b) and reference solution (d).
Calculate the percentage content of Cl2H21NOsS taking into
account the assigned content of topiramate CRS.

IMPURITIES
Specified impurities A, E.
Otherdetectable impurities (the following substances would, .l
present at a suffidentleveJ, be detected by oneor otherof the tests
in the monograph. They are limju,d by thegeneral acceptance
criterion for otherlunspedfied impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impuruies

Torasemide
Anhydrous Torasemide

(Ph. Eur. monograph 2132)

azr e- I e rureuc.

348.4

2022

**.* ** ** •
***

56211-40-6

A. 2,3:4,5-bis-Q-(propan-2,2-diyl)-~-D-fructopyranose,

B. 2,3:4,5-bis-Q-(propan-2,2-diyl)-~-I>-fruetopyranose I-[N­
(diethylcasbamoyl)sulfamate).

C. 2,3-0-(propan-2,2-diyl)-P-D-fruetopyranose I-sulfamate,

D.2,3:4,5-bis-Q-(propan-2,2-diyl)-p-I>-fruetopyranose l-[N­
[[[2,3:4,5-bis-Q-(propan-2,2-diyl)-Il-I>-fructopyranosyl]
oxy)casbasnoyl)sulfasnate),

~
OH

HO

HO OH

OH

E. n-fructopyranose (fruetose).
___________________ fM"

PIlE" _

DEFINITION
1-( I-Methylethyl)-3- [[4-[ (3-methylphenyl)aminoIpyridin-3­
yl)sulfonyl]urea.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, slightly soluble in ethanol
(96 percent). It is sparingly soluble in dilute solutions of
alkali hydroxides and slightly soluble in dilute acids.

It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison anhydrous torasemide CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.

TESTS
Related substances
Liquid chromatography (2.2.29).

Solution A Dissolve 2.7 g ofparassium dihydrogen
phosphate R in 950 mL of waterR, adjust to pH 3.5 with
phosphoric acid R and dilute to 1000 mL with waterR.
Test solution Dissolve 20.0 mg of the substance to be
examined in 15 mL of methanol R and sonicate for 15 min.
Add 22.5 mL of solution A, cool to room temperature and
dilute to 50.0 mL with the mobile phase.

Reference solution (a) Dissolve 2.0 mg of torasemide for system
suitability CRS (containing impurities A, B, C and D) in
2.5 mL of methanol R and dilute to 5.0 mL with solution A.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (c) Dissolve the contents of a vialof
rorasemide impurityE CRS in 0.5 mL of methanol R.
Add 0.5 mL of solution A.

Column:
- size: / = 0.125 m, 0 = 4.0 D101;
- stationary phase: end-capped octad«ylsilyl silica gelfor

chromatography R (5 pm),

www.webofpharma.com
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- temperature: 30 "C.
Mobil, phase methanol R, solution A (40:60 VIV).

Flow rate 0.8 mUmin.
Detection Spectrophotometer at 288 run.

Injection 20 ~L.

Run time 2.5 times me retention timeof rorasemide.

Identification of impurities Use the chromatogram supplied
with torasemide for system 'uitability CRS and the
chromatogram obtained withreference solution (a) (0

identify thepeaks due to impurities A, B, C and D; use the
chromatogram obtained withreference solution (c) to identify
the peak due to impurity E.
Relative retention Withreference to torasemide (retention
time = about 10 min): impurity A = about 0.3;
impurity B = about 0.4; impurity C = about 0.5;.. .,

System sut'lability:
- resolution: minimum 3.0 between the peaks due to

impurities Band C in the chromatogram obtained with
reference solution (a);

- signal-to-noise ratio: minimum 100 for the principal peak in
the chromatogram obtained with reference solution (b).

Limits:
- correction factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A ::;;; 5.1;
impurity B = 0.76;

- impurity B: not more than 5 times the area of the
principal peak in the chromatogram obtained with
reference solution (ti) (0.5 percent);

- impurities A, C, D, E: foreach impurity, not more than
1.5 times the area of the principal peakin the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- tmspecified impurities: foreach impurity, not morethanthe
area of the principal peak in the chromatogram obtained
withreference solution (b) (0.10 per cent);

- total: not more than 6 timesthe area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.6 per cent);

- disregard limit: 0.5 timesthe area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximwn 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 °C for3 h.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY
Dissolve0.300 g in 50 mLof anhydrous acetic acid R. Titrate
with 0.1 111' perchloric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 111' perchloric acidis equivalent to 34.84 mg
of C"H,oN.O,S.

STORAGE
Protected from light.

IMPURITIES
Spedfied impurities A, B, C, D, E.

Torasemide 11-1197

A. 4-(3-methylphenyl)-2H-pyrido[4,3-el-I,2,4-thiadiazin-3
(4H)-one Ll-dioxlde,

,""

B. 4-[(3-methyJphenyl)amino]pyridine-3-sulfonamide,

C. I-ethyl-3-[[4-[(3-methylphenyl)amino1pyridin-3-yll
sulfonyljurea,

D. J-butyl-3- [[4- [(3-methylphenyl)aminoJpyridin-3-yl]
sulfonyl]urea,

E. ethyl [[4-[(3-methylphenyl)amino]pyridin-3-y1lsulfonyl]
carbamate.

___________________ PIIEur
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II-1l98 Tosylchloramide Sodium

Tosylchloramide Sodium
(Ph. Eur. monograph 0381)

C,H,ClNNaO,S,3H,O 281.7

Action and use
Antiseptic.

**** ** ** •'.*

2022

ASSAY
Dissolve 0.125 g in 100 mL of waterR in a ground-glass­
stoppered lIask. Add I g of pouusium iodide Rand 5 mL of
dilute sulfuric acid R. Allow to stand for 3 min. Titrate with
0.1 M sodium thiondfate, using 1 mL of starch solution R as
indicator.
1 mL of 0.1 1\-[ sodium thiosulfate is equivalent to 14.08 mg of
C,H,ClNNaO,S,3H,O.

STORAGE
In an airtight container, protected from light.
----- PhE"

PhE" _

DEFINmON Tragacanth *'** ** *
Content
98.0 per cent to 103.0 per cent of C7H7ClNNa02S,3H20.

CHARACTERS
Appearance
White or slightly yellow, crystalline powder.
Solubility
Freely soluble in water, soluble in ethanol (96 per cent).

IDENTIFICATION
A. Solution S (see Tests) turns redlitmus paperR blue and
then bleaches it.
B. To 10 rnL of solution S add 10 rnL of dilute hydrogen
peroxide solution R. A white precipitate is formed which
dissolves on heating, Filter the hot solution and allow to
cool. Whitecrystals are formed which, when washed and
dried at 100-105 'C, melt (2.2.14) at 137 'C to 140 'C.

C. Ignite cautiously 1 g, because of the riskof deflagration.
Dissolve the residue in 10 mL of water R. The solution gives
reaction (a) of chlorides (2.3.1).

D. The solution prepared for identification test C gives
reaction (a) of sulfates (2.3.1).

E. The solutionprepared for identification test C gives
reaction (b) of sodium (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free water R and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and is colourless (2.2.2, Mezhod If).

pH (2.2.3)
8.0 to 10.0 for solution S.

Ortho compound
To 2 g add 10 mL of waterR, mix, add I g of sodium
mezabisu/jize R and heat to boiling. Cool to 0 'C, lilter rapidly
and wash with 3 quantities, each of 5 mL, of iced waterR.
The precipitate, dried in vacuo (2.2.32) at a pressure not
exceeding 0.6 kPa, melts (2.2.14) at a minimum of 134 'C.

Residue insoluble in anhydrous ethanol
Maximum 2 per cent.
Shake 1.00 g with 20 rnL of anhydrous ezhanol R for 30 min,
filteron a tared filter, wash anyresidue with 5 mL of
anhydrous ethanol R and dry at 100-105 'C. The residue
weighs a maximum of 20 mg.

(Ph. Eur. monograph 0532)

When Powdered Tragacanth is prescribed or demanded,
material complying with the requirements belowwith the
exception of Identification test A shallbe dispensed or
supplied.

9000-65-1
PhE" _

DEFINITION
Air-hardened, gwnmy exudate, flowing naturally or obtained
by incisionfrom the trunkand branches of Astragalus
gummifer Labill. and certain otherspecies of Astragalus from
western Asia.

IDENTIFICATION
A. Tragacanth occurs in thin, flattened, ribbon-like, whiteor
pale yellow, translucent strips, about 30 mm long and
10 mm wide and up to 1 mm thick, more or less curved,
horny,with a short fracture; the surface is marked by fine
longitudinal striae and concentric transverse ridges. It may
also containpieces similar in shape but somewhat thicker,
moreopaque and more difficult to fracture.
B. Nlicroscopic examination (2.8.23). The powder is white or
almostwhite and forms a mucilaginous gel with about
10 timesits mass of water R. Examine under a microscope
using a 50 per cent VIV solution of glycerol R. The powder
shows in the gummy mass numerous stratified cellular
membranes that nun slowlyviolet when treated with
iodinated zinc chloride solution R. The gummymass includes
starch grains, isolated or in small groups, usually rounded in
shapeand sometimes deformed, wil:h diameters varying
between 4 urn and 10 pm, occasionally up to 20 JAm, and a
central hilum visible between crossed nicol prisms.
C. Examine the chromatograms obtained in the test for
acacia.
Results The chromatogram obtained with the test solution
shows 3 zones dueto galactose, arabinose and xylose. A faint
yellowish zone at the solvent frontand a greyish-green zone
between the zones due to galactose and arabinose may be
present.
D. Moisten 0.5 g of the powdered herbal drug (355) (2.9.12)
with I mL of ethanol (96 percen(i R and add graduaUy, while
shaking, 50 rnL of water R until a homogeneous mucilage is
obtained. To 5 mL of the mucilageadd 5 mLof waterR and
2 mL of barium hydroxide solution R. A slightflocculent
precipitate is formed. Heat on a water-bath for 10 min.
An intenseyellow colour develops.
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2022 Tramadol Hydrochloride II-1199

PIlE" _

__________________ PIIE"

36282-47-0

andenantiomer • Hel

299.8

Q
:'b

I OH
""-

oca,

(ph. Bur. monogroph 1681)

Action and use
p-Opioid receptor (OP3, MaR) agonist and noradrenaline
reuptake inhibitor; analgesic.

Preparations
Tramadol Capsules
Tramadol Prolonged-release Capsules
Tramadol Prolonged-release Tablets

massat 110°C (about 1 h). Allowto cool in a desiccator
andweigh. The residue weighs a maximum of 20 mg.

Flow time
Minimum 10 s, or minimum 50 s if the substance to be
examined is to be used for the preparation of emulsions.
Place 1.0 g of the powdered herbal drug (125-250) (2.9.12)
in a 1000 mL round-bottomed flask with a ground-glass
stopper, add 8.0 mL of ethanol(96 percenO R and close the
flask. Disperse the suspension overthe innersurface of the
flask by shaking, taking care not to wet the stopper. Open the
flask and add as a singleportion72.0 mL of water R. Stopper
the flask and shake vigorously for 3 min. Allow to standfor
24 h and shake vigorously again for 3 min. Eliminate air
bubbles by applying vacuum above the mucilage for 5 min.
Transfer the mucilage to a 50 mL cylinder. Dip in the
mucilage a piece of glass tubing 200 mm long and 6.0 mm in

. nd duated at 20 mm and 120 mm
m e oweren; e tu mg mus no e rins wi

surface-active substances. When the mucilage has reached the
upper mark, close the tube with a finger. Withdraw the
closed tube, remove me finger and measure with a stop­
watch the time needed for the meniscus to reach the lower
graduation. Carry out this operation 4 timesand determine
me average value of the last 3 determinations.

Total ash (2.4.16)
Maximum 4.0 percent.

MicrobIal contamination
TAMC: acceptance criterion 10' CFUlg (2.6.12).

TYMC: acceptance criterion 10' CFUlg (2.6.12).

Absence of Escherichia eoIi(2.6.13).

Absence of Salmonella (2.6.13).

LABELLING
The labelstates whether or not the contents aresuitable for
preparing emulsions.

Tramadol Hydrochloride

DEFINITION
(IRS,2RS)-2-[(Dimethylamino)methyl]-I-(3-methoxyphenyl)
cyc1ohexan-I-ol hydrochloride.

1 mL of water R and dilute to 10 mL with methane

Plare TLC silica gelplatt R.

Mobile phase 16 gIL solution of sodium dihydrogen
phosphate R, butanol R, aawne R (10:40:50 VIVIV).

Application 10 It1. as bands.

Deoetopmenc A Over a path of 10 em.
DryingA-_In a current of warm airfor a few minutes.
Development B Over a pathof 15 em using the same mobile
phase.
DryingB Ar 110 °C for 10 min.

Detection Spray with anisaldehyde solution R and dryat
110 °C for 10 min.

Results The chromatogram obtained with me reference
solutionshows 4 clearly separated coloured zonesdue to
galactose (greyish-green or green), arabinose (yellowish­
green), xylose (greenish-grey or yellowish-grey) and rhamnose
(yellowish-green), in orderof increasing Rp value; me
chromatogram obtained with the test solutiondoes not show
a yellowish-green zone corresponding to the zone of
rhamnose in the chromatogram obtained with the reference
solution.

Methylcellulose
Examine the chromatograms obtained in me test for acacia.
Results The chromatogram obtained with the test solution
does not show a red zone near me solvent front.

Sterculia gum
A. Place 0.2 g of the powdered herbal drug (355) (2.9.12) in
• 10 mL ground-glass-stoppered cylinder graduated in
0.1 mL. Add 10 mL of ethanol (60 percent VII? Rand
shake. Any gel formed occupies not more than 1.5 mL.

B. To 1.0 g of the powdered herbal drug (355) (2.9.12) add
100 mL of waterR and shake. Add 0.1 mL of methyl red
so/ution R. Not more than 5.0 mL of 0.01 M sodium hydroxide
is required to change the colourof the indicator.

Foreign matter
Maximum 1.0 percent.
Place 2.0 g of the powdered herbal drug (355) (2.9.12) in a
250 mL round-bottomed flask and add 95 mL of methanol R.
Swirl to moisten the powder and add 60 mL of hydrochloric
acidRI. Add a few glassbeads about4 mm in diameter and
heat on a water-bath undera reflux condenser for 3 h,
shaking occasionally. Remove the glass beads and filter the
hot suspension in vacuo through a sintered-glass filter (160)
(2.1.Z). Rinse the flask with a small quantity et oxuer R and
pass the rinsings through the filter. Wash the residue on the
filter with about40 mL of methanol R and dry to constant

TESTS
Acacia
Thin-layer chromatography (2.2.27).

TeSl solution To 100 mg of the powdered herbal drug (355)
(2.9.12) in a thick-walled centrifuge test-tube, add 2 mL of a
100 gIL solution of lrifluoroaceu', add R, shake vigorously [Q

dissolve the forming gel, stopper the test-tube and heat the
mixture at 120°C for 1 h. Centrifuge the resulting
hydrolysate, transfer the clear supernatant carefully into a
50 mL flask, add 10 mL of warer R and evaporate the
solution to dryness underreduced pressure. To the resulting
clear film add 0.1 mL of waterRand 0.9 mL of methanol R.
Centrifuge to separate the amorphous precipitate, collect the
supernatant and, if necessary, dilute (Q 1 mL with
methanol R.
Reference solution Dissolve 10 mg of arabinose R, 10 mg of
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11-1200 Tramadol Hydrochloride

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water and in methanol, very slightly soluble
in acetone.

IDENTIFICATION
First identification: B, D.

Second identification: A, C, D.

A. Melting point (2.2.14): 180°C 10 184°C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison tramadol hydrochloride CRS.

impurity E.

Results The principal spot in the chromatogram obtained
with test solution (b) is similarin position and size to the
principal spot in the chromatogram obtained with reference
solution (a).

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 1.0 g in water R and dilute to 20.0 mL withthe
same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

Acidity
To 10 mL of solution S, add 0.2 mL of methylred ,00ution R
and 0.2 mL of 0.01 M hydrochloric acid. The solution is red.
Not more than 0.4 mL of 0.01 M sodium hydroxide is
required to change the colourof the indicator to yellow.
Optical rotation (2.2.7)
-0.10° to + 0.100

, determinedon solution S.

ImpurityE
Thin-layer chromatography (2.2.27).

Testsolution (a) Dissolve 0.10 g of the substance to be
examined in methanol R and dilute to 2.0 mL with the same
solvent.

Testsolution (b) Dilute I mL of test solution (a) to 10 mL
with methanol R.
Reference solution (a) Dissolve 25 mg of tmmadd
hydrochloride CRS in methonol R and dilute to 5 mL with the
same solvent.

Reference sdution (b) Dissolve 5.0 mg of tramadd
impw,ty E CRS in methanol R and dilute to 5.0 mL with the
same solvent. Dilute 1.0 mL of the solution to 10.0 mL with
methanol R.

Reference ,00u,ion (c) Dissolve 5 mg of tramadd
impurity A CRS in I mL of reference solution (a).

PIa.. TLC silica gelF25• plateR.
Pretreatment Wash the plate with methanol R.

Mobile phase concentrated ammonia R, 2-propanol R) toluene R
(1:19:80 VlVfII).

Application 1O~.

Deoelopmem Over 2/3 of the plate. Add concentrated
ammonia R to one troughof a twin trough tank then saturate
the plate for 20 min. Just before developing, add the mobile
phase to the other trough. Place the plate in the trough,

2022

ensuring that the layer of silica gel faces the middle of the
tank.

Drying In air.
Detection Expose to iodine vapourfor 1 h, then examine in
ultraviolet light at 254 nm.

System suitability The chromatogram obtained with
reference solution (c) shows 2 clearly separated spots.
Limit Test solution (a):
- impurity E: any spot due (Q impurity E is not more intense

than the spot in the chromatogram obtained with
reference solution (b) (0.2 per cent).

Related substances
Liquid chromatography (2.2.29).

Test so/Ulien Dissolve 0.15 g of the substance to be
examined in the mobile phase and dilute to 100.0 mL with

Reference solution (a) Dilute 2.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 100.0 mL with the mobile phase.
Reference solution (b) Dissolve 5 mg of tramadol
impun'ty A GRS in 4 mL of the test solution and dilute to
100 mL with the mobile phase.

Go/umn:
- size: 1= 0.25 rn, 0 = 4.0 mID;
- stationary phase: base-deactiuated end-capped ocJyIsilyl,ilica

gelfor chroma'ography R (5 urn).

Mobile phase 295 volumes of acetonitrile Rand 705 volumes
of a mixture of 0.2 mL of trij/uoroacetic acidRand 100 mL of
water for chromatography R.
Flow ra.. 1.0 mUmin.

Detection Spectrophotometer at 270 nm.
Injection 20 ~L
Run time 4 times the retention time of tramadol.
Identification of impurilies Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity A.
Re/aliveretention With reference to tramadol (retention
time =about 6 min): impurity A =about 0.85.
System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and tramadol.

Calculation of percentage con~nlS:

- for each impurity, use the concentration of tramadol
hydrochloride in reference solution (a).

Limits:
- impurity A: maximum 0.2 per cent,
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.4 per cent,
- reporting threshold: 0.02 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.180 g in 50 mL of ethanol (96 percenO R. Titrate
with 0.11\1 ethanolk sodium hydroxide, determining the
end-point potentiometrically (2.2.20).

I mL of 0.1 M ethanolic sodium hydroxide is equivalent [0

29.98 mg of C,oH2.ClN02.
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2022 Tramazoline Hydrochloride Monohydrate U-1201

STORAGE
Protected from light.

IMPURITIES
Specifiedimpurities A, E.

Otherdeseaable impun"£ies (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the rests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impumies and/or by thegeneral
monograph Substances for pharmateutical use (2034). It is
therefore notnecessary to identify these impurities fur
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) B, C, D.

Tramazoline Hydrochloride
Monohydrate
(ph. Eur. monograph 1597)

191)UN N
H H

***• *• *• **.*

74195-73-6

E. (2RS)-2-[(dimethylamino)methyl)cyciohexan-I-one.
___________________ PO,,,

Action and use
Alpha-adrenocepror agonist.

DEFINIT
N-(5,6,7,8-Tetrahydronaphthalen-I-yl)-4,5-dihydro-IH­
irnidazol-2-amine hydrochloride monohydrate.

Content
98.5 per cent to 101.5 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solublllty
Soluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tramazoline hydrochloride monohydrate CRS.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Soludon S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute 10

50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2, ,Method II).

pH (2.2.3)
4.9 to 6.3 for solution S.

Related substances
Liquid chromatography (2.2.29).

Solventmixture acetonitrile R, waterR (50:50 VIV).
Test solution Dissolve 50.0 mg of the substance to be
examined in the solvent mixtureand dilute to 50.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 5.0 mg of tramazoline
impuri£y A CRS and 5.0 mg of tramazoline impuri£y B CRS in
5 mL of the solvent mixture and add 5 mL of the test
solution.
Reference solution (b) Dilute 0.2 mL of reference solution (a)
to 100 mL with the solvent mixture.

Column:
- size: I:;;:; 0.125 m, 0 == 4 mm;
- sUltirmary phase: base-deactivated end-capped octadecyb17y1

silica gd for chromalcgraphy R (5 urn).

Mobile phase 2.0 gIL solution of sodium dodecyl sulfate R in a
mixture of 6 volumes of 2-propanol R, 42 volumes of
aUUlnitrile R1 and 52 volumes of waterfor chromatography R.

Flow rate 1.2 mUmin.
Detection Spectrophotometer at 215 nm.

andenanliomer

andenantiomer

andenantiomer

~
OCH,

Q
:'g)

I OH
"'-

OH

~c,~

,N and enanbomer

o

A. (lRS,2SR)-2-[(dimethylamino)methyl]-I-(3­
methoxypheoyl)cyclohexan-l-ol,

B. [2-(3-methoxyphenyl)cyclohex-l-en-l-yl)-N,N­
dimethylmethanamine,

C. [(IRS)-2-(3-methoxyphenyl)cyciohex-2-en-I-yl]-N,N­
dimethylrnethanamine,

D. (lRS,2RS)-2-[(dimethylamino)methyl]-1-(3­
hydroxyphenyl)cyciohexan-I-ol,
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II-1202 Trandolapril 2022

___________________ PhE"

C. 1-[(lZ)-N-(5,6,7,8-tetrahydronaphthalen-I-yl)
ethanimidoyl]imidazolidin-2-one.

Injection 5 J-IL.
Run lime 3 times the retention time of tramazoline.
Relative retention With reference [Q tramazcline (retention
time » about 6.5 min): impurity A::;; about 0.71;
impurity B = about 0.86.

System suitability Reference solution (a):
- the chromatogram obtained shows 3 clearly separated

peaks;
- resolution: minimum 1.5 between me peak due to

impurity Band tramazoline.

Limits:
- impun'ties A, B: for each impurity, not more than 3 times

the area of the corresponding peak in the chromatogram
obtained with reference solution (b) (0.3 per cent);

- unspecified impurities: for each impurity, not more than the
area of the eak due to im uri B in the chromato

Trandolapril
(ph. Eur. monograph 2245)

**** ** ** ****

PhEw _

87679-37-6430.5

Action and use
Angiotensin converting enzyme inhibitor.

Preparation
Trandolapril Capsules

DEFINITION
(2S,3aR,7aSJ-I-[(2S)-2-[[(2SJ-I-Ethoxy-l-oxo-4­
phenylbulan-2-yl]amino]propanoyl]oetahydro-IH-indole-2­
carboxylic acid.

Content
99.0 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhitepowder.

Solubility
Practically insoluble in water, freely soluble in methylene
chloride, sparingly solublein anhydrous ethanol.

IDENTIFICATION
A. Specificoptical rotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison trandolapril CRS.

TESTS
Appearance of solution
The solution is not more intensely coloured than reference
solution Y7 (2.2.2; Method II).

Dissolve 1.0 g in methanol R and dilute to 10 mL with the
same solvent.

Specific optical rotation (2.2.7)
-18.5 to -16.5 (anhydrous substance).

Dissolve 1.0 g in anhydrous ethanol R and dilute to 50.0 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 25 mg of the substance to be
examined in mobilephaseA and dilute to 10.0 mL with
mobile phase A.

e wi re erenee so u on per cen ;
- sum of impun",ies other than A and B: not more than twice

the area of the peak due to impurity B in the
chromatogram obtained with reference solution (b)
(0.2 per cent);

- disregard limit: 0.2 times the area of the peak due to
impurity B in the chromatogram obtained with reference
solution (b) (0.02 per cent).

Water (2.5.12)
6.2 per cent to 7.2 per cent, determined on 0.500 g.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 2.000 g in a mixtute of 5 mL of O. / M hydrochlori<
acidand 75 mL of ethanol (96 percent) R. Cany out a
potentiomelric titration (2.2.211) using / M sodium hydroxide.
Read the volume added between the 2 points of inflexion.
1 mL of / M sodium hydroxide is equivalent 10 251.8 mg
of C13H,sCINa-

IMPURITIES
Specified impurities A, B.

Otherdetu:Ulble impurities (the following subsUlnces would, if
presem at a sufficient level.. be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for other/unspecified impurities. It is therefore not
necessary to identify these impurities for demonstration of
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) C.

A. N-(naphthalen-I-yl)-4,5-dihydro-IH-imidazol-2-amine.

B. 1-[2-[(5,6,7,8-tetrahydronaphthalen-I-yl)amino]-4,5­
dihydro-IH-imidazol-I-yl]ethan-I-one,

www.webofpharma.com



2022

Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with mobile phase A. Dilute 1.0 mL of this solution
to 100.0 mL with mobile phase A.
Reference solution (b) Dissolve 5 mg of lrandolapn"/
impurity C CRS and 5 mg of frandolapril impurity D CRS in
mobile phase A and dilute to 5 mL with mobile phase A.
Dilute 1 mL of the solution to 20 mL with mobile phase A.

Column:
- size: / =0.15 m, (2) = 4.6 mrn;
- stationary phase: end-capped polar-embedded octade<y/silyl

amorphous organosilica polymer R (3.5 um);
- temperature: 40 "C.

Mobile phase:
- mobile phase A: mix 25 volumes of aatoninile RJ and

75 volumes of a 6.8 gIL solution of potassium dihydrogen
phosphate R previously adjusted to pH 2.5 ± 0.1 with

- mobile phaseB: mix equal volumes of acetonitrile Rl and a
6.8 gIL solution of potassium dihydrogen phosphore R
previously adjusted to pH 2.2 ± 0.1 with phosphoric
add Rj

Time Mobile phase A Mobile phase B
(min) (per eenr VIP) (per cent VJ1I)

0·20 9' s
20 - 35 95 ..... 5 5 ..... 95

35 - 45 s 95

Flowrate 1.3 mUmin.

Detection Spectrophotometer at 210 om.

Injection 20 IlL.
Identificotion of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaks due to
impurities C and D.
Relativeretention With reference to trandolapril (retention
time =about 14.5 min): impurity C =about 2.1;
impurity D =about 2.5.

System suitability Reference solution (b):
- resolution: minimum 4 between the peaks due to

impurities C and D.

Limits:
- correction [actor: for the calculation of content, multiply the

peak area of impurity C by 2.2j
- impun'ty D: not more than 5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impurity C: not more than twice the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- unspecified impun'ties: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (3) (0.10 per cent);

- sum of impurities otherthan D: not more than 5 times the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.5 per cent);

- disregard limit: 0.5 times the area of the "principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.32)
Maximum 0.2 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 2.0 g in a porcelain
or quartz crucible.

Trandolapril II-1203

ASSAY
Dissolve 0.300 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 Atlperchloric acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 iW perchknic acidis equivalent to 43.05 mg
of C24H3",N20j.

STORAGE
Protected from light.

IMPURITIES
Specified impunties C, D.
Otherdetectable impurities (thefollowing subslflnces would, if
present at a sufficietlt level, bedetected by oneor other0/the tests
in the monograph. They are limited by thegeneral acceptance
cntetion for other/unspecified impurities and/or by thegeneral
monograph Substances/or pharmaceutical use (2034). It is

o necessa ro idem; these i urities or
emonstraaon 0 com lance. eeQ 0 . . on 0 un res

ittsubstances for pharmaceutical use) A, B, E, F.

A. (2S,3aR,7aSJ-I-[(2SJ-2-[[(2SJ-I-methoxy-l-oxo-4­
phenylbutan-2-yljamino]propanoyl]octahydro-IH-indole­
2-carboxylic acid (methyl ester derivative),

B. (2S,3aR,7aSJ-I-[(2SJ-2-[[(2SJ-I-oxo-4-phenyl-I-[(propan­
2-yl)oxyj butan-2-yl]aminojpropanoyljoetahydro-IH­
indole-2-carboxylic acid (isopropyl ester derivative),

c. (2S,3aR,7aSJ-I-[(2SJ-2-[[(2S)-4-cyclohexyl-I-ethoxy-l­
oxobutan-2-yl]amino]propanoyljoctahydro-IH-indole-2­
carboxylic acid (hexahydrotrandolapril),

D. ethyl (2SJ-2-[(3S,5aS,9aR,lOaSJ-3-methyl-I,4­
dioxodecahydropyrazino [1,2-0jindol-2(Ill) -yl]-4­
phenylbutanoare (trandolapril diketopiperazine),
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___________________ Ph,,,

water .

Reference solution (e) Dissolve 2.5 mg of tranexamic acid
impunty G GRS, 2.5 mg of tranexamic acid impunty F CRS
and 7.5 mg of tranexamic acid impun·ty B CRS in 25 mL of
uaserR, Mix I mL of the solution, 1 mL of reference
solution (b) and 18 mL of the test solution.
Column:
- size: I;;;;: 0.25 m, 0 = 4.6 nun;
- stationary phase: end-capped octade<y/silyl silica gelfor

chromatography R (5 pm).

iHobi/e phase Dissolve 11.0 g of anhydrous sodium dihydrogen
phosphate R in 500 mL of waterfor chromawgraphy R and add
5 mL of tnerhylamine R and 1.4 g of sodium launlsulfate Rl;
adjust to pH 2.0 with phosphon'c acidR and dilute to 600 mL
with waterfor chromatography R; add 400 mL of methanol R2.
Flow rate 0.9 mIlmin.
Detection Spectrophotometer at 210 nm.
Injection 40 JILof the test solution and reference
solutions (a), (c), (d) and (e).

Runtime 2.5 times the retention time of tranexamic acid.
Idenujication oj impun·ties Use the chromatogram obtained
with reference solution (c) to identify the peak due to
impurity D; use the chromatogram obtainedwith reference
solution (d) to identify the peak due to impurity E; use the
chromatogram obtainedwithreference solution (e) to identify
the peaks due to impurities B, C and F.

Relative retention With reference to tranexamic acid
(retention time = about 10 min): impurity F = about 0.3;
impurity C ;;;;: about 1.1; impurity D = about 1.2j
impurity E =about 1.3; impurity B =about 1.5.

System suitability Reference solution (e):
- resolution: minimum 2.0 between the peaks due to

tranexamic acid and impurity Cj minimum 1.5 between
the peaksdue to impurities C and D.

Gakulation of jJerCeJltage contents:
- cotreaion factors: multiply the peak areas of the following

impurities by the corresponding correction factor:
impurity B =1.3; impurity C =0.4; impurity F =0.6;

- for impurities C and D, lise the concentration of
impurity D in reference solution (c);

- for impurities E and F, use the concentration of
impurity E in reference solution (d);

- for impurities other than C, D, E and F, use the
concentration of tranexamic acid in reference solution (a).

Limits:
- impurity B: maximum 0.15 per cent;

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.200 g of the substance to be
examined in water R and dilute to 20.0 mL with the same
solvent.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with waterR. Dilute 1.0 mL of this solution to
20.0 mL with waterR.

Reference solution (b) Dissolve 5.0 mg of tranexamic acid
impun'ty D GRS in waterR and dilute to 50.0 mL with the
same solvent. .

Reference solution (c) Dilute 5.0 mL of reference solution (b)
to 100.0 mL with water R.
Reference solution (d) Dissolve 2.5 mg of tranexamic acid
impurity E CRS in waterR and dilute to 50.0 mL with the
same solvent. Dil

**** ** ** ****

1197-18-8157.2

(ph. Eur. monograph 0875)

C,H"NO,

Tranexamic Acid

Action and use
Antifibrinolytic.

Preparations
Tranexamic Acid Injection
Tranexamic Acid Mouthwash
Tranexamic Acid Oral Solution
Tranexamic Acid Tablets

DEFINITION
(1r,4r) -4-(Aminomethyl)cyclohexane-l-carboxylic acid.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.
Solubility
Freelysoluble in water and in glacial aceticacid, practically
insoluble in acetone and inethanol (96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.2f).

Comparison tranexamic acidCRS.

TESTS
pH (2.2.3)
7.0 to 8.0.

Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50 mL with the same solvent.

F. (2R,3aR,7aS}-I-[(2S}-2-[[(2S)-I-ethoxy-l-oxo-4­
phenylbutan-2-yl]arnino]propanoyi]octahydro-IH-indole­
2-carboxylic acid.

Ph,,, _

E. (2S,3aR,7aS}-I-[(2S}-2-[[(IS}-I-carboxy-3­
phenylpropyl)amino)propanoyi]octahydro-IH-indole-2­
carboxylic acid (trandolaprilare),
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2022 Tranylcypromine Sulfate 11-1205

- impurities C, D, E, F: for each impurity, maximum
0.05 per cent;

- unspecified impurities: for each impurity, maximum
0.05 per cent;

- total: maximum 0.2 per cent;
- reporting threshold: 0.03 per cent.

Halides expressed as chlorides (2.4.4)
Maximum 140 ppm.
Dissolve 1.2 g in water R and dilute to 50 mL with the same
solvent,

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 2 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

E. (I r,4r)-4-[[(I r,4r)-4-(aminomethyI)cyclohexane-I­
carboxamido]methyl]cyclohexane-l-carboxylic acid,

QH
HN-/ H

OHC

F. (I r,4r)-4-(fonnamidomethyl)cyclohexane-I-carboxylic

2

,H2S04

PhE"

13492-01-8

Action and use
Monoamine oxidase inhibitor; antidepressant.

Preparation
Tranylcypromine Tablets

(C,HIIN)"H2S04 364.5

and enantlorner

Tranylcypromine Sulfate

Ho,Ch H A~H

~N~vY
H H

Dissolve 0.140 g in 20 mL of anhydrous acetic acid R. Titrate
with 0.1 J\1 perchlon"c add, determining the end-point
potentiometrically (2.2.20).
1 mL of 0.1 M perchloric acid is equivalent to 15.72 mg of

CaH"N02 •

IMPURITIES
Specified impumies B, C, D, E, F.
Otherdeuaable impurities (the followillg substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion forotherlunspedfied impurilies andlor by thegeneral
monograph SuhstanN!s for pharmaceutical use (2034). It is
therefore nOl neassary to identify these impw;ms for
demonstnuien of compliance. See also5.10. Control of impurities
in suhsrances for pharmaceutical use) A.

A. (I r,4r,1 'r,4' r)-4,4'-[azanediylbis(methylene)]di
(cyclohexane-f-carboxylic acid),

B. (ls,4s)-4-(aminomethyl)cyclohexane-l-carboxylic acid,

andenanliomer

C. (4RS)-4-(aminomethyl)cyclohex-I-ene-i -carboxylic acid,

D. 4-(aminomethyl)benzoic acid,

DEFINTI10N
Tranylcypromine Sulfate is (IRS,2SR)-2­
phenylcyclopropylamine sulfate. It contains not less than
98.0%and not more than 101.0% of (~HlIN)2,H2 SO."
calculated withreference to the dried substance.

CIUUlACTERiSTICS
A white or almost white, crystalline powder.
Soluble in warer; very slightly soluble in emallol (96%) and in
ether.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix II A, is
concordant with the reference spectrum of tranylcypromine
sulfate (RS 345).
B. Yields the'reactions characteristic of sulfates, Appendix VI.

TESTS
Related substances
Carry out the method forgas chromatography,
Appendix ill B, using the following solutions in solution A.
Dissolve 10 mg of 4-<hloroanilille (internal standatd) in
sufficient O.IM hydrochloric acid to produce 20 mL
(solution A).
(1) Add 5 mL of 1Msodium hydroxide to I mL of solution A,
extract with 10 mL of dichloromeibane, add 1 mL of
uifiuoroacetic anhydride to the dichloromethane extract and
allow to stand for 10 minutes. Evaporate the solutionat a
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II-1206 Trapidil 2022

pressure of 2 kPa using a rotary evaporator and a water bach
at 200 and dissolve the residue in 2 mL of dichloromethane.
(2) Dissolve 0.1 g of the substance being examined in 5 mL
of water, add 1 mL of 5M sodium hydroxide, extract with
J0 mL of dichloromethane, add 1 mL of ttifiuoroacetic
anhydride £0 the dichloromethane extract and allow to stand
for J0 minutes. Evaporate the solution at a pressure of 2 kPa
using a rotary evaporator and a waterbath at 20° and
dissolve the residue in 2 mL of dicbtoromethane.

(3) Dissolve 0.1 g of the substance being examined in 5 mL
of water, add 1 mL of solution A and 1 mL of SM sodium
hydroxide, extract with 10 mL of dichtoromethane, add 1 mL
of mfiuoroacetic anhydride to the dichloromethane extract and
allow to stand for 10 minutes. Evaporate the solution at a
pressure of 2 kPa using a rotary evaporator and a water bath
at 200 and dissolve the residue in 2 mL of dichluromethane.

Solublllty
Freelysoluble in water, soluble in ethanol and in methylene
chloride.

mp
About 102 "C.

IDENTlFICATION
Infrared absorption spectrophotometry (2.2.2,,>.

Comparison trapidi/ CRS.

TESTS
Solution S
Dissolve 2.0 g in carbon dioxide-free waterR and dilute to
JOO mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

PIlE" ~ _

DEFINITION
N,N-Diethyl-5-methyl- [I ,2,4] triazolo[I ,5-aIpyrimidin-7­
amine.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white) crystalline powder.

o m 0 so unon a 0.2 m 0 met solution R
and 0.2 mL of 0.01 M hydrrxhloric acid. The solution is red.
Add 0.4 mL of 0.01 M sodium hydroxith. The solution is
yellow.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobilephase.
Reference solution (a) Dissolve 5.0 mg of lrapid;l
impurity A CRS in the mobile phase and dilute to 50.0 mL
with the mobilephase. Dilute 1.0 mL of the solution to
50.0 mL with the mobile phase.

Reference so/wion (b) Dissolve 5.0 mg of lYapidil
impurity B CRS in the mobile phase and dilute to 50.0 mL
with the mobilephase. Dilute 1.0 mL of the solution to
50.0 mL with the mobile phase.

Reference so/ution (e) Mix equal volumes of reference
solution (a) and reference solution (b).

Co/umn:
- size: 1= 0.125 m, 0 = 4.0 nun,
- stationary phase: base-deactivated octade<y/s"yl silica gelfor

chromalagrapltY R (5 um),

Mobile phase 50 mL of methanol R, 75 mL of acetonitrile R
and 800 mL of a 1.7 gIL solution of potassium dihydrogen
phosphate R adjusted to pH 2.45 with phosphoric acidR; dilute
to 1000 mL with waterR.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 205 nm.

Injection 10 ~.

Run time 3 times the retention time of trapidil.
System suitability:
- resolution: minimum of 4.0 between the peaks due to

impurity A and impurity B in the chromatogram obtained
with reference solution (c).

Limits:
- impun·'Y A: not more than the area of the principal peak

in the chromatogram obtained with reference solution (a)
(0.1 per cent),

- impurity B: not more than the area of the principal peak in
the chromatogram obtainedwithreference solution (b)
(0.1 per cent),

- any other impun"ty: not more thanthe area of the principal
peakin the chromatogram obtainedwithreference
solution (a) (0.1 per cent),

15421-84-8205.3

CIIROM-NF9

(a) Use a glass column (1.5 m x 4 mm) packed with acid­
washed, silanised diatomaceous support (100 to J20 mesh)
coated with 3% wlw of cyanopropylmelhylphenyl methyl
silicone fluid (OV-225 is suitable).

(b) Use helium as the carrier gas at 1.7 mL per minute.
(c) Use isothermal conditionsmaintained at 170°.

LIMITS

In the chromatogram obtainedwith solurion (3), the area of
any secondary peak is not greater than that of the peakdue to
the trifluoracetyl derivative of 4-chloroaniline (0.5%).

Loss on drying
When dried to constantweightat 105°) loses not more than
0.5% of its weight. Use J g.'

Sulfated ash
Not more than0.1 %,Appendix IX A.

ASSAY
Cany out Method I for non-aquecus titration)
Appendixvm A, using 0.3 g and determining the end point
potentiometricaUy. Each mL of a.1M perchlom acid VS is
equivalent to 36.45 mg of (C.HllN)"H,SO,.

Trapidil
(Ph. Bur. monograph 1576)

Action and use
Antiplateler agent; vasodilator.
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2022 Trazodone Hydrochloride II-1207

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent).

_ disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.01 per cent).

Chlorides (2.4.4)
Maximum 100 ppm.

Dissolve 0.25 g in 10 mL of waf<r R and dilute to 15 mL
with walerR. Prepare the standard using 5 mL of chloride
standard solution (5 ppm CI) R.

Anunonium (2.4.1)
Maximum 20 ppm.
0.50 g complieswith limit test A. Prepare the standard using
0.1 mL of ammonium standard soiution (100 ppm NH,J R.

DEFINITION
Trazodone Hydrochloride is 2,3-[4-(3-chloro)
phenylpiperazin-I-yl]propyi-I ,2,4-triazolo [4,3-0]pyridin-3
(2H)-one hydrochloride. It contains not less than 99.0% and
not more than 101.0% of C 19H22C1NsO,HCI, calculated
with reference to the dried substance.

PRODUCTION
The method of manufacture is such that the levelof

. impurity F, 1-(3-chloropropyI)-3-chlorophenylpiperazine, is
not more than 2.5 ppm when determined by a suitable
method.

CHARACTERISTICS
A white or almost white, crystalline powder.
Soluble in water, sparingly soluble in ethanol (96%);
practically insoluble in ether.

B. 1,2,4-triazol-3-amine.
___________________ PIIE«

A. 5-memyi-[1,2,4]triazolo[1,5-a]pyrimidin-7-01,

A. The infrared absorption spectrum, Appen lX I , IS

concordant with the reference spectrum of trazodone
hydrochloride (RS 346). In me preparation of the disc, avoid
excessivegrinding when triturating the substance being
examinedwith potassium chloride.
B. Yields the reactions characteristic of chlorides,
Appendix VI.

TESTS
Acidity
pH of a 1% w/v solution, 3.9 to 4.5, Appendix V L.

3-Chloroanillne
To 10 mL of a 1%wlvsolution of me substance being
examined in a mixture of equal volumesof water and ethanol
add 2 mL of a freshly prepared 5% wlv solution of
4-dimethylaminabenzaidehYde in ethanal and 0.1 mL of
hydrochloric acid. Shake well and allow to stand for 5 minutes.
Any yellowcolourproduced at 5 minutes from the
preparation of me solution is not more intense than that
produced by treating at me same time and in me same
manner 10 mL of a I J.1g per mL solution of 3-t:hloroanUine in
a mixture of equalvolwnes of water and ethanol beginning at
me words 'add 2 mL ... ' (100 ppm).

Related substances
Cany oul theprocedures ptouaed from light. The combined
nominal total contentof impurities determined in tests A
and B below is not more than 1.0% and no singleunknown
impurity is more than 0.1%.
A. Carry out me method for liquidchromatograPhY,
Appendix ill D, using the following solutions in the mobile
phase.
(1) 0.1% wlv of the substance beingexamined.
(2) 0.0001 % wlv of me substance being examined.

(3) 0.00005% wlv of me substance being examined.

(4) 0.1% wlv of traeodone.hydrochloride
impurity'U1nOOrd BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with octoduylsilyl silica gelJarchromatography (5 urn) (Waters
XTerra RPIS or Phenomenex Prodigy aresuitable).
(b) Use isocratic elutionand me mobile phase described
below.
(c) Use a flow rate of 2.0 mL per minute.

(d) Use a column temperature of 40°.

(e) Use a detection wavelength of 254 run.
(I) Inject 20 ~L of each solution.

25332-39-2408.3

Cl 0
N "N rN~CI
}-N~N.J

o . ,HCI

C19H"CIN,O,HCl

axunum . per cent, etermme on. g
vacuoat 60°C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.180 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1 1\1 perchlonc acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.1 M perchioric acid is equivalent to 20.53 mg of
CIOH,,N,.

STORAGE
Protected from light.

IMPURITIES

Trazodone Hydrochloride

Action and use
Monoamine reuptake inhibitor; antidepressant.

Preparations
Trazodone Capsules
Trazodone Tablets
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II-1208 Trazodone Hydrochloride

(g) For solution (I), aUow the chromatography to proceed
for 3 times the retention time of the principal peak.

MOBILE PHASE

0.4 volumes of diethylamine, 350 volumes of acetonimk and
650 volwnes of water. If necessary, adjust the proportions of
acetoniuile and water in the mobile phase to obtain a retention
time of about 10 minutes for the principal peak.

SYSTEM SUITABILITY

The test is not validunless, in the chromatogram obtained
with solution (4), the resolution between the peaks due to
impurity C and trazodone is at least 2.5.

LIMITS

In me chromatogram obtained with solution (1):
me area of any peak corresponding to impurity D , identified
from reference chromatogram A supplied with trazodone
hydrodrfooide impurity standardBPCRS, is-rmt-grea
3 times me area of the principal peak in the chromatogram
obtained with solution (2) (0.3%);

the area of any othersecondary peak with a retention time of
less thanor equal to impurity E, identified from reference
chromatogram A supplied with trazodone hydrochloride
impun"ty standard BPCRSJ is not greater thanthe area of the
principal peak in the chromatogram obtained withsolution
(2) (0.1%).

Disregard anypeakwith an area less than thatof the
principal peakin the chromatogram obtained with solution
(3) (0.05%).

B. Carry out the method for liquid chromatographyJ
Appendix ill DJ using the following solutions in the mobile
phase.
(I) 0.1% wlv of the substance being examined.

(2) 0.0001% wlv of the substance being examined.

(3) 0.00005% wlv of the substance being examined.

(4) 0.1% wlv of trazodone hydrochloride
impurity standard BPCRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with octaduylsiJyl silica gelfor chromawgraphy (5 um) (Waters
XTerra RP18 or PhenomenexProdigy aresuitable).
(b) Use isocratic elution and the mobile phasedescribed
below.

(c) Use a flow rate of 1.7 mL per minute.
(d) Use a column temperature of 40°.

(e) Use a detection wavelength of 254 nrn,

(t) Inject 20 ~L of each solution.

(g) For solution (1), allow the chromatography to proceed
for at least 5 times the retention time of the principal peak.

MOBILE PHASE .',,
0.4 volumes of diethylamine, 320 volumes of waterand
680 volumes of acetonitrile. If necessary, adjust the
proportions of aceton;tn7e and water in the mobilephase to

obtaina retention time of about 2.5 minutes for the principal
peak.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (4), the resolution between the peaks due to

trazodone and impurity E is at least 3.5.

LIMITS

In the chromatogram obtained with solution (I):

2022

the areaof any secondary peak witha retention time longer
than that of impurity E identified from reference
chromatogram B, supplied with trazodone hydrochloride
impun'cy standard BPCRSJ is not greater than the area of the
principal peakin the chromatogram obtained with solution
(2) (0.1%).

Disregard any peakwith an area less than thatof the
principal peak in the chromatogram obtained with solution
(3) (0.05%).

Loss on drying
When dried to constantweight at 105° at a pressure of 3.5 to

6.5 kPa, loses not more than 0.5%of its weight. Use 1 g.

Sulfated ash
Not more than 0.2%J Appendix IX A.

ASSAY

Carry out the method for liquid chromatography,
Appendix ill D, using the following solutions in the mobile
phase.
(I) 0.01 % wlv of the substance being examined.

(2) 0.0 I% wlv of'ra""done hydrochloride BPGRS.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (25 em x 4.6 mm) packed
with octy/silyl silicagelfor chromatography (5 um) (Spherisorb
C8 is suitable).

(b) Use isocratic elution and the mobilephasedescribed
below.

(c) Use a flow rate of 2 mL per minute.
(d) Use a column temperature of 40°.

(e) Use a detection wavelength of 254 nm.

(f) Inject 20 ~L of each solution.

MOBILE PHASE

40 volumes of a 0.115% w/v solution of diammonium
hydrogen orthophosphate, previously adjusted to pH 6.0 with
10% vlv orthophosphon·c acidor 1M sodium hydroxide, and
60 volwnes of methanol.

DETERJ.\{[NATION OF CONTENT

Calculate the content of C19H22ClN50,HCI in the substance
being examinedusing the dedared contentof C19H22ClNSO,
HCI in trazodone hydrochloride BPCRS.

STORAGE
Trazodone Hydrochloride should be kept in an airtight
container and protected from light.

IMPURITIES

A. 4-(3-chlorophenyl)-I-[3-(3-oxo-2,3-dihydro-l,2,4-triazolo
[4,3-a]pyridin-2-yl)propyl]piperazine N'-oxide
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2022 Trehalose Dihydrate II-1209

B. 2-[3-(4-phenyipiperazin-I-yl)propylj-I,2,4-triazolo[4,3-a]
pyridin-3(2H)-one

A ("yCI

~N)"N rN~
)---N~N.J

o

Trehalose Dihydrate
(Ph. Eur. monograph 2297)

HO

HO

HO~OH

OH

HO 0
OH

, 2~O

C. 2-3-[4-(4-cWorophenyl) piperazin-I-yl]propyl-I ,2, 4-triawlo
[4,3-ajpyridin-3(Ul}-o

378.3 6138-23-4

D.2-3-[4-(3-bromophenyl)piperazin-I-yl]propyl-I,2,4­
triazolo[4,3-ajpyridin-3(2H) -one

C1 ("yEt
IN "'N' rN~CI
)---N~N.J

o

E. 2-3-[4-(3-cWoro-4-ethylphenyl)piperazin-l-yl]propyl­
1,2,4-lriazolo[4,3-ajpyridin-3(2H)-one

F. 1-(3-cWoropropyl)-3cWorophenylpiperazine

G. 3-[4-(3-<:Worophenyl)piperazin-I-yl]propyl isobutyl ether

H.I,3-bis-[4-(3-cWorophenyl)piperazin-l-yljpropane

DEFINITION
a-D-Glucopyranosyl a-D-glucopyranoside dihydrate (a,a­
trehalose dihydrate). It is obtained by enzymatic modification
of starch.

Content
97.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Freely soluble in water, slightly soluble in methanol,
practically insoluble in ethanol (96 per cent).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison trehalose dihydrate CRS.
B. Dissolve 2 g in 5 mL of water R. To I mL of this solution
add 0.4 mL of a 50 gIL solution of a-naphthd R in eth""",
(96 perem!> R and mix thoroughly. Carefully add 2 mL of
sulfuric acid R. A violet colourdevelops at the interface.
C. Dissolve I g in 25 mL of waterR. To 2 mL of this
solution add I mL of dilute hydrochlaric acid R and mix. Keep
the solution for 20 minat room temperature. Add 4 mL of a
40 gIL solution of sodium hydroxide Rand 2 mL of a 40 gIL
solution of glydne R andmix. Heat the solution in a water­
bam for 10 min. No brown colour develops.

TESTS
Solution S
Dissolve J0.0 g in carbon dioxide-free waterR prepared from
distilled waterR and dilute to 100.0 mL with the sarne
solvent.
Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method IIJj
pH (2.2.3) .
4.5 to 6.5 for solution S.

Specific optical rotadon (2.2.7)
+ 197 [0 + 201 (arthydrous substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in water R and dilute to 10.0 mL with the same
solvent.
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II-1210 Trehalose Dihydrate

Reference solution (a) Dissolve 0.100 g of trehalose
dihydrate CRS in waterR and dilute to 10.0 mL with the
same solvent.
Reference solution (b) Dilute 1.0 mL of the test solution to

100.0 mL with water R.

Reference solutum (c) Dilute 5.0 mL of reference solution (b)
to 25.0 mL with waterR.
Reference solution (d) Dissolve 25 mg of glucose R
(impurity A) and 25 mg of maltotriose R in water R, add
2.5 mL of reference solution (a) and dilute to 10.0mLwith
waterR.
Column:
- size: 1= 0.3 m, 0 = 8 mm;
- stationary phase: strong cation-exchange resin (sodium

form) R (6 urn);
- tern rarure: 80°C.
J 0 e p ase Wafer .

Flow rate 0.4 mUmin.
Deteaion Refractometer maintained at 40°C.

Injection 20 ~L of the test solution and reference
solutions (b), (c) and (d).

Run time Twice me retention time of trehalose.

Identification of impuniies Use the chromatogram obtained
with reference solution (d) to identify the peaks due to
impurities A and B; impurity B has the sameretention time
asmaltotriose,
Relative retention With reference to trehalose (retention
time = about 15 min): impurity B ::: about0.9;
impurity A =about 1.2.
System suitability Reference solution (d):
- resolution: minimum 1.5 betweenthe peaks due to

maltotriose and trehalose.
Limits:
- impurities A, B: for each impurity, not more than

0.5 times the area of the principal peak in the
chromatogram obtainedwith reference solution (b)
(0.5 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.2 percent);

- total: not more than the area of me principal peakin me
chromatogram obtainedwith reference solution (b)
(1.0 per cent);

- disregard limit: 0.5 times the area of the principal peakin
the chromatogram obtainedwithreference solution (c)
(0.1 per cent).

Chlorides (2.4.4)
Maximum 125 ppm.

Dilute 4 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 200 ppm.

Dilute 7.5 mL of solution S to 15 mL with distilled water R.

Soluble starch
Dissolve 1 gin 10 mL of waterR. Add 0.1 mL of iodine
solution Rl. No blue colour develops.

Water (2.5.12)
9.0 per cent to 11.0 per cent, determined on 0.10 g.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

2022

Microbial contamination
If intended for use in the manufacture of parenteral
preparations:
- TAMC: acceptance criterion 10' CFU/g (2.6.12).

If not intended for use in the manufacture of parenteral
preparations:
- TAJ'AC: acceptance criterion 10' CFU/g (2.6.12);
- TYMC: acceptance criterion 10' CFU/g (2.6.12);
- absence of Escherichia coli(2.6.13);
- absence of Salmonella (2.6.13).

Bacterial endotoxlns (2.6.14)
If intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of bacterial endotoxins:
- less than 4 IU/g forparenteral preparations having a

concentration of J00 gIL or less of trehalose dihydrate;. .

concentration of more than 100 gILof trehalose
dihydrate.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solutionand reference solution (a).
Calculate me percentage contentof trehalose from the
declared content of t...halose dihydrate CRS.

LABELLING
The label staws:
- where applicable, the maximum concentration of bacterial

endotoxins;
- where applicable, that the substance is suitable foruse in

the manufacture of parenteral preparations.

IMPURITIES
Specified impurities A, B.

HO~O, OH

HtL(
OH

A. n-glucopyranose (glucose),

HO

HO

HO~H~OOOH +

OH OH

HO 0 0

OH OH

B. oligosaccharides, mainly glucosyltrehalose: mixture of ct-D­

glucopyranosyl c-n-glucopyranosyl-H-e 4)-«-D­
glucopyranoside (4-Q-gIucosyltrehalose or e-o-meltosyl
o-n-glucoside) and lX-D-glucopyranosyl-(l""6)-«-D­
glucopyranosyl c-n-glucopyranoside (6-0­
glucosyltrehalose or et-D-isomaltosyl c-o-glucoside).

____________________ PhE"
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2022 Tretinoin II-1211

Tretinoin
(Ph. Eur. monograph 0693)

H~Co,H
~~~ .

CH,

30Q.4

Action and use
Vitamin A analogue (retinoid); treatment of acne.

Preparations
Tretinoin Gel

Tretinoin SoLution

302-79-4

TESTS
Related substances
Liquid chsomatography (2.2.29).

Test solution Dissolve 0.100 g of the substance to be
examined in methanol R and dilute to 50.0 mL with the same
solvent.
Reference solurion (aJ Dissolve 10.0 mg of isotretinoin GRS
(impurity A) in methanol R and dilute to 10.0 mL with the
same solvent.
Reference sdution (b) Mix 1.0 mL of reference solution (a)
and 0.5 mL of the test solution and dilute to 25.0 mL with
methanol R.
Reference solution (c) Dilute 0.5 mL of the test solution to

100.0 mL with methanol R.
Column:
- size: {= 0.15 m, 0 = 4.6 mm;

PhEv _

DEFINITION
(2E,4E,6E,8E)-3,7-Dimethyl-9-(2,6,6-trimethylcyclohex-l­
enyl)nona-2,4,6,8-tetraenoic acid.

Content
98.0 pe~.~ent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow or light orange, crystalline powder.

Solubility
Practically insoluble in water, sparingly solublein methylene
chloride, slightly soluble in ethanol (96 per cent).

mp
About 182 "C, with decomposition.
It is sensitive to air, heat and light, especially in solution.
Cony out all operations as rapidly as possible and avoid exposure
to actinic light; usefreshly prepared solutians.

IDENTIFICATION
First identifirotion: A.
Secondidentification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison tretinoin CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methylene chloride R and dilute to 10 mL with
the same solvent.
Reference solution Dissolve 10 mg of tret;,win CRS in
methylene chlcride R and dilute to 10 mL with the same
solvent.
Plate TLC silica gelGF154 plateR.
Mobile phase glacial acetic acid R, tuerone R, peroxicle-free
ether R, cyclohexane R (2:4:40:54 VIVIVIV).

Application 5 ~L.

Development Over 3/4 of the plate.

Drying In air.

Detection Examinein ultraviolet lightat 254 nm.
Results The principal spot in the chromatogram obtained
with the test solution is similar In position and size to the
principal spot in the chromatogram obtained with the
reference solution.
C. Dissolve about 5 mg in 2 mLof antimony trichloride
solution R. An intense red colour develops and laterbecomes
violet.

(3 pm).

/vlobJ1e phase glacial acetu acid R, waterR, methanol R
(5:225:770 VIV/V).

Flow rate 1.0 mUmin.
Detection Spectrophotometer at 355 run.
Injection 10~.

Run time 1.2 times the retention time of tretinoin.
Identification of impmities Use the chromatogram obtained
with reference solution (a) to identify the peakdue to
impurity A.

Relativeretention With reference to tretinoin (retention
time =about 29 min): impurity A =about 0.75.

Systemsuitability Reference solution (b):
- resolution: minimum 5.0 between the peaksdue to

impurity A and tretinoin.

Limits:
- impun'ty A: not more chan the area of the principal peak

in the chromatogram obtained withreference solution (c)
(0.5 per cent);

- unspecified impurities: for each impurity, not more than
0.4 times the area of the principal peakin the
chromatogram obtainedwith reference solution (c)
(0.2 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtainedwith reference solution (c)
(1.0 per cent):

- disregard limit: 0.1 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent).

The thresholds indicated under Relared substances
(fable 2034.-1) in the general monograph Substances jar
Pharmaceutical use (2034) do not apply.

Loss on drying (2.2.32)
Maximum 05 per cent, determined on 1.000 g by drying in
vacuo for 16 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 70 mL of acerone R. Titrate with 0.1 M
tetraburylammonium hydroxide in 2-propano/, determining the
end-point potentiometrically (2.2.20).

1 mL of O. J lW tetrabutylammonium hydroxide in 2-propano/ is
equivalent to 30.04 mg of C2oH2S02.
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II-1212 Triacetin 2022

STORAGE
Under an inert gas, in an airtight container, protected from
light.

It is recommended that the contents of an opened container
he used as soon as possibleand any unused partbe protected
by an atmosphere of inert gas.

IMPURITIES
Specified impuniies A.
Otherdetectable impurities (the joIlawing substances would, if
presem at a sufficient level, be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acuptance
cmenon for other/unspecified impumies. It is there/ore not
necessary to identify these impurities for demonstration of
compliance. Seealso5.10. Control of impurities in substances for
phannaceutical use) B, C, D, F, G.

H'eY
C
CH'.~Co,H

~ 0 andenanliomer

'CH3

G. (2E,4E,6E,8E)-3,7-dimethyl-9-(2,2,6-trimethyl-7­
oxabicyclo[4.1.0]hept-l-yl)nona-2,4,6,8-tetraenoic acid
(rcu;-5,6-epoxytretinoin).

___________________ PhE"

Triacetin
(Ph. Eur. monograph 1106)

A. (2Z,4E,6E,8E)-3,7-dimethyl-9-(2,6,6-trimethy1cyclohex-l­
enyl)nona-2,4,6,8-tetraenoic acid (isotretinoin), 218.2 102-7&-1

CH,

Action and use
Antifungal.

PhE" _

DEFINITION
Propane- I ,2)3-triyl triacetate.

Content
97.0 per cent to 100.5 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, colourless, slightly viscous oily liquid.

Solubility
Soluble in water, miscible with ethanol (96 per cent) and
toluene.

bp
About 260 "C.

IDENfIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spearum of triacetin.

TESTS
Appearance
It is clear (2.2.1) and not more intensely coloured than
reference solution Yo (2.2.2, IWethod 11).

Acidity
Dissolve 5.00 g in 25 mL of anhydrous ethanol R, previously
neutralised to '1>.1. mL of phenolphthalein solution R and add
0.20 mL of O.rM sodium hydroxide. The pink colour of the
mixture persists for 15 s.

Relative density (2.2.5)
1.159 to 1.164.

Refractive index (2.2.6)
1.429 to 1.432.

Water (2.5.12)
Maximum 0.2 per cent) determined on 5.00 g-

ASSAY
Introduce 0.300 g into a 250 mL borosilicate glass flask
filled with a reflux condenser. Add 25.0 mL of 0.5 M
alcoholic potassiwn hydroxide and a few glass beads. Attach

and enantiomer

co",
H,C

B. (2Z,4E,6Z,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-l­
enyl)nona-2,4,6,8-tettaenoic acid (9,13-di-cis-retinoic
acid),

C. (2Z,4Z,6E,8E)-3,7-dimethyl-9-(2,6,frtrimethylcyclohex-l­
enyl)nona-2,4,6,8-tetraenoic acid (11,13-di-cis-retinoic
acid),

D. (2E,4E,6Z,8E)-3,7-dimethyl-9-(2,6,6-trimethylcyclohex-l­
enyl)nona-2,4,6,8-tetraenoic acid (9-caS-retinoic acid),

F. (2E,4E,6E,8E)-9-[(3RS}-3-methoxy-2,6,6­
trimethylcyclohex-l-enyl]-3,7 -dimethylnona-2,4,6,8­
tetraencic acid (rac-4-methoxytretinoin),
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the condenser and heat under reflux for 30 min. Add 1 mL
of phenolphthalein solution Rl and titrate immediately with
0.5 M hydrochloric acid. Carry out a blank test under the
same conditions. Calculate the content from the difference in
consumption of alkali in the main and the blank procedure.

1 mL of 0.5 M alcoholic potassiwn hydroxide is equivalent
to 36.37 mg of C,HI40•.

STORAGE
In a well-filled container.
____~ ~ 1M"

Triamcinolone
Ph. Eur. monograph 1376)

Reference solution (b) Dissolve 10 mg of dexamethasone CRS
in reference solution (a) and dilute to 10 mL with the same
solution.

Plate TLC SIlica gelFm plate R.
1Wobile phase Add a mixture of 1.2 volumes of waterR and
8 volumes of methanol R to a mixture of 15 volumes of
ether Rand 77 volumes of merhylene chloride R.

Application 5 ~L.

Development Over a path of 15 em.

Drying In air.
Detection Examine in ultraviolet light at 254 nm.

System SUiUlbility The chromatogram obtained with
reference solution (b) shows 2 clearly separated spots.

Results The principal spot ln. the chromatogram obtained
with the test solution is similar in position and size to the. . .

PIlE" _

DEFINITION
9-Fluoro-ll p,16a, 17,21-tetrahydroxypregna-1 ,4-diene-3,20­
dione.

Content
97.0 per cent to 103.0 per cent (anbydrous substance).

CHARACTERS
Appearance
White or almost white, .crystalline powder.

Solubility
Practically insoluble in water, slightly soluble in methanol,
practically insoluble in methylene chloride.

It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison triamcinolone CRS.
If the spectra obtained show differences, dissolve the
substance to be examined and the reference substance
separately in methanol R, evaporate to dryness, dry the
residues at 60°C at a pressure not exceeding 0.7 kPa and
record new spectra using the residues.

B. Thin-layer chromatography (2.2.27). Prepare the solutions
immediately before use and protect from light. 'Examinetheplate
underulrraviolet light immediately afterdevelopment.
Test solution Dissolve 10 mg of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Reference solution (a) Dissolve 20 mg of triamcinolone CRS
in methanol R and dilute to 20 mL with the same solvent.

solution (a).

TESTS
Specific optical rotation (2.2.7)
+ 65 to + 72 (anbydrous substance).

Dissolve 0.100 g in dimethylformomide R and dilute to
10.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Prepore the solutions
immediately before use and protect from light.
Test solution Dissolve 25.0 mg of the substance to be
examined in a mixture of equal volumes of methanol Rand
waterR and dilute to 10.0 mL with the same mixture of
solvents.

Reference solution (a) Dissolve 2 mg of triamcinolone CRS
and 2 mg of triamcinolone impurity C CRS in a mixture of
equal volumes of methanol R and water R and dilute to
100.0 mL with the same mixture of solvents.

Reference solution (b) Dilute J.O mL of the test solution to
100.0 mL with a mixture of equal volumes of methanol Rand
water R.
Blank methanol R.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm,
- stationary phase: base-deacmxued end-capped octadecylsl1y1

silica gelfor chromatography R (5 pm).

Mobile phase A mixture prepared as follows: in a 1000 mL
volumetric flask mix 525 mL of methanol R with 400 mL of
waterR and allow to equilibrate; adjust the volume to
1000 mL with waterR and mix again.

Flow rate 1 mllrnin.
Detection Spectrophotometer set at 238 run.

Injection 20 ~L.

Run time 4.5 times the retention time of triamcinolone.

Retention time Triamcinolone =about II min.

System suitability Reference solution (a):
- resolution: minimum of 1.8 between the peaks due to

triamcinolone and to lmpurity C.

Limits:
- any Impurity: not more than the area of the principal peak

in the chromatogram obtained with reference solution (b)
(l per cent) and not more than 2 such peaks have an area ,
greater than half the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.5 per cent),

124-94-7394.4

Action and use
Glucocorticoid.

Preparation
Triamcinolone Tablets .

o
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II-1214 Triamcinolone Acetonide 2022

(Ph. Eur. monograph 0533)

Triamcinolone Acetonide

76-25-5434.5

Action and use
Glucocorticoid.

o

- total; not more than twice the area of the principal peak in
the chromatogram obtainedwith reference solution (b)
(2 per cent),

- disregard limit: 0.05 rimes the area of the principal peakin
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximum 1.0 per cent, determined on 0.500 g.

ASSAY
Prepare me solutions immediately before use and protect from light.
Dissolve 50.0 mg in alcchol R and dilute to 50.0 mL with the
same solvent. Dilute 2.0 mL of the solution to 100.0 mL
with olcohd R. Measure the absorbance (2.2.25) at the
maximum at 238 run.

Calculate the content of C21H27F06 taking me specific

____________________ PhE"

B. 9-f1uoro-ll~,16a,17-trihydroxy-3,20-dioxopregna-I,4­
dien-21-yl acetate (triamcinolone 21-acetate),

Triamcinolone Cream
Triamcinolone Acetonide Injection
Triamcinolone AcetonideNasal Spray
Triamcinolone Ointment
Triamcinolone Dental Paste

DEFINITION
9-Fluoro-ll ~,2J -dihydroxy-I6a,17-( I-methylethylidenedioxy)
pregna-IA-diene-3,20-dione.

Content
97.5 per cent to 102.0 per cent (anbydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Practically insoluble in water, sparingly soluble in ethanol
(96 per cent).

It shows polymorphism (5.9).

IDENTIFICATION
Firsl ickmificalion: A, C"
Second idendfication: B, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison triamcinolone acetonid» CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volume of methanol R
and evaporate to dryness. Using the residues, prepare
halogen salt discs or mulls in liquid paraffin R and record new
spectra.
B. Thin-layer chromatography (2.2.27). Prepare the solutions
immediately before use and protectfrom light.
Test solution Dissolve 10 mg of the substance to be "J

examined in methanol R and dilute to 10 mL with the same
solvent.
Reference solution (a) Dissolve 20 mg of triamcinolone
acetomde CRS in methanol R and dilute to 20 mL with the
same solvent.
Reference solution (b) Dissolve 10 mg of triamcinolone
hexacetonide CRS in reference solution (a) and dilute to
10 mL with reference solution (a),
Plate TLC silica gelFm plate R.
i\tfobi/e phase Add a mixture of 1"2 volumes of waterRand
8 volumes of methanol R to a mixture of 15 volumes of
ether R and 77 volumes of methylene chloride R.

PhE" _

o
o--Z

/',L--<·····OH CH3
····0

H }-eH,
o

o 0

o--Z
"'_/~,J_",""OH CH3

···00
H

o

o

o

STORAGE
Protected from light.

IMPURITIES

A. 9-f1uoro-ll~,17-dihydroxy-3,20-dioxopregna-I,4-diene­
l00,21-diyl diacetate (rriarncinolone 16J21-diacetate),

C. 9-f1uoro-II~,16a,17,21-tetrabydroxypregn-4-ene-3,20­
dione (pretriamcinolone).

www.webofpharma.com
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Application 5 JlL.
Deudopment Over 3/4 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 om,
immediately after development.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
principal spot in the chromatogram obtained with reference
solution (a).
C. Examine the chromatograms obtained in the assay.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with

D. Mix about 5 mg with 45 mg of heavy magnesium oxide R
and ignite in a crucible until an almost white residue is
obtained (usually less than.f min). Allow to cool, add 1 mL
of wa"'r R, 0.05 mL of phenclphtha/ein solution R1 and about
1 mL of dilute hydrochloric acid R to render the solution
colousless. Filter. To a freshly prepared mixture of 0.1 mL of
alizarin S solution Rand 0.1 mL of zirconyl n;trollsolution R,
add 1.WinL of the filtrate. Mix, allow to stand for 5 min and
compare the colour of the solution to that of a blank
prepared in the same manner. The test solution is yellow and
the blank is red.

TESTS
Specific optical rotation (2.2.7)
+ 110 to + 117 (anhydrous substance).

Dissolve 0.100 g in ethanol (96 per un/) R and dilute to
20.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Cany oul the test protected
from light
Test solution Dissolve 25.0 mg of the substance to he
examined in mobile phase B and dilute to 25.0 mL with
mobile phase B.
Reference solution (a) Dissolve 5 mg of triamdnolone aceumide
for sy""m suiMbility CRS (containing impurities B and C) in
mobile phase B and dilute to 5.0 mL with mobile phase B.

Reference solution (b) Dilute 1.0 mL of the test solution '0
100.0 mL with mobile phase B. Dilute 1.0 mL of this
solution to 10.0 mL with mobile phase B.
Reference solution (c) Dissolve 25.0 mg of triamcinolone
acetonide CRS in mobile phase B and dilute to 25.0 mL with
mobile phase B.

Column:
~ size: I:::: 0.25 m, 0 :::: 4.6 mm;
- stotionary phase: end-capped ocladecylsilyl silica gelfor

chromatography R (5 JUII);
~ temperature: 40°C.

Mobile phase:
~ mobile phaseA: acetonitrile R, waterfor chromatography R

(32:68 V/JI);
~ mobile phase B: waterfor chromatography R) acetonitrile R

(35:65 VIJI);

Triamcinolone Acetonide 1I-1215

Flaw rate 1.5 mIJmin.

Detection Spectrophotometer at 254 nm.

Injection 20 J.IL of the test solution and reference
solutions (a) and (b).

Identification of impuriues Use the chromatogram supplied
with triamcinolone acetonide for system suitability GRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities Band C.

Relative retention With reference to triamcinolone acetonide
(retention rime :::: about 16 min): impurity C = about 0.7;
impurity B =about 0.8.

System suitability Reference solution (a):
- resolution: minimum 2.5 between the peaks due to

impurities C and B.

Limits:
- impun'cy B: not more than twice the area of the principal
. peak in t:he-chro .

solution (b) (0.2 per cent);
- impurity C: not more man 1.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspecified impurities: for each impurity) not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.5 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Water (2.5.12)
Maximwn 2.0 per cent) determined on 0.500 g.

ASSAY
Cany ou' the assayptoteaedfrom lighl.
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.

Mobile phase Mobile phase A.

Injection Test solution and reference solution (c).

Run time 1.5 times the retention time of r:riamcinolone
acetonide.

Retention time Triamcinolone acetonide :::: about 16 min.

Calculate the percentage content of C24H3 IF06 taking into
account tile assigned content of triamcinolone acetonide CRS.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B, C.
Otherdetectable impurities (the following substances would, if
present at a sufficient level) bedetected by oneor other0/the tests

in the monograph. They are limited by thegeneral acceprame
cruetion for otherlunspeafied impurities and/or by the general
monograph Substances for pharmaceutical we (2034). 1, is
therefore not namary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phatmaceuu'cal use) A) D, E) F.

Time
(min)

o~ 20

20 - 40

MobUe phase A
(per cent VjJJ)

100

100 -> 0

MobUe phase B
(per cent V/VJ

o
o -> 100
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II-1216 Triamcinolone Hexacetonide 2022

5611-51-8532.6

Action and use

o

Triamcinolone Hexacetonide
(Ph. Eur. monograph 0867)

o

OH

o

A. 9-fluoro-11 P,100, 17,21-tetrahydroxypregna-I,4-diene­
3,20-dione (triamcinolone),

B. 9-fluoro-ll P,21-dihydroxy-1OO,17-(I­
methylethylidenedioxy)pregna-l,4, 14-triene-3,20-dione
(ll14-triamcinolone acetonide),

Preparation
Triamcinolone Hexaceronide Injection

D.9-cWoro-llp,21-dihydroxy-1OO,17-(l­
methyJethylidenedioxy)pregna-I,4-diene-3,20-<lione (9"­
chloro triamcinolone acetonide),

E. 9-fluoro-ll p,21-dihydroxy-1OO,17-(1­
methylethylidenedioxy)pregna-4-ene-3,20-dione (1,2­
dihydrotriamcinolone acetonlde),

PhE" _

DEFINlTION
9-Fluoro-ll P-hydroxy-2',2'-dimethyl-3,2o-dioxo-(16PH)­
[I ,3]dioxolo[4',5': 16,17]pregna-I,4-dien-21-yl
3,3-dimethylbutanoate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solubll1ty
Practically insoluble in water, sparingly soluble in anhydrous
ethanoland in methanol, practically insoluble in heptane.

IDENfIFlCATlON
A.lnfrared absorption spectrophotometry (2.2.24).

Comparison mamcinokme hexaceumide CRS.
B. Examine the chromatograms obtained in the assay.
Resulu The principal peak in the chromatogram obtained
with test solution (b) is similar in retention time and size to
the principal peak in the chromatogram obtainedwith
reference solution (c).

TESTS
Specific optical rotation (2.2.7)
+ 95 to + 101 (anhydrous substance).

Dissolve 0.100 g in methylene chforide R and dilute to
10.0 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29). Cany aut the USI protected
from ligh'
Testsolution (a) .Dissofve 25.0 mg of the substance to be
examined in methanol R and dilute to 10.0 mL with the same
solvent.
Test sottuion (b) Dilute 1.0 mL of test solution (a) to
5.0 mL with methanolR.

Reference solution (a) Dissolve 5 mg of triamcinolone
hexacetonide for system suitability CRS (containing impurities B
and C) in methanol R and dilute to 2.0 mL with the same
solvent.
Reference solulion (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.

OHo
CH,

'~'./'-_' _-< __ O-?<CH3

--0 CH3

H

o

o

C. 9-fluoro-llp,21,21-trihydroxy-1OO, 17-(1­
methylethylidenedioxy)pregna-I,4-diene-3,20-dione
(triamcinolone acetonid~ 21-aldehyde hydrate),

OH

o

o

F. 9-fluoro-ll p-hydroxy-16", J7-( I-methylethylidenedioxy)­
3,20-dioxopregna-l,4-dien-21-yl acetate (21-acetate
triamcinolone acetonide).

__---------~-------PhE"
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396-01-0253.3

C. c-chloro-Jf P-hydroxy-2',2'-dimethyl-3,2Q-dioxo-(I 6pH)­
[1,3]dioxolo[4 ',5':16,17]pregna-1,4-dien-21-yl
3,3-dimethylbutanoate.

Triamterene

o

____________________ Phf"

o

o

B. -(2'RS)-9-lIuoro-ll/l-hydroxy-2'-methyl-3,2Q-dioxo­
(16PH)-[1,3]dioxolo[4 ',5': 16,17]pregna-I,4-dien-21-yl
3,3-dimethylbulanoate,

A. 9-lIuoro-llp,21-dihydroxy-2',2'-dimethyl-( l6PH)-[1,3]
dioxolo[4',5': 16,l7]pregna-1,4-diene-3,20-dione
(triamcinolone acetonide),

o
oJ. fH3

o "--i-CH3
CH3 CH c~

---0---x 3
····0 H

Action and use
Sodium chann~l blocker; potassium-sparing diuretic.
Preparations
Co-triamterzide Tablets
Triamterene Capsules

Phf" ~_

(ph. Eur. monograph 0058)

DEFINITION
6-Phenylpteridine-2,4,7-triamine.

Content
99.0 per cent to 101.0 per cent (dried substance).

Reference solution (c) Dissolve 25.0 mg of triamcinolone
hexacetomde CRS in methanol R and dilute to 10.0 mL with
me same solvent. Dilute 1.0 mL of the solution to 5.0 mL
with methanol R.
Column:
~ size: I;::: 0.25 m, 0 ;::: 4.6 mm;
- stationary phase: base-deactivated end-capped octadecylsilyl

silica gelfor chromatography R (5 urn).

Mobile phase water for chromatography R, methanol R
(25:75 VIV).

Flow rare 2.0 mIJrnin.
Detection Spectrophotometer at 254 nm.

Injection 20 J.lI.. of test solution (a) and reference
solutions (a) and (b).

Run rime Twice me retention time of triamcinolone

Identification of impun"lies Use the chromatogram supplied
with triamcinolone hexacetonide for syuem suiuzbility GRSand
the chromatogram obtained with reference solution (a) to
identify the peaks due to impurities Band C.

Relative retention With reference to triamcinolone
hexacetonide (retention rime = about 8 min): impurity B
(epimer I) = about 0.79; impurity B (epimer 2) = about
0.81; impurity C =about 1.3.

System suitability Reference solution (a):
- resolution: minimum 4.0 between the peaks due to

triamcinolone hexacetonide andimpurity C"
Calculation ofpercentage contents:
- for eachimpurity, use the concentration of triamcinolone

hexacetonide in reference solution (b).

Limits:
- impurity B: for the sum of the areas of the 2 epimer peaks,

maximum 0.15 per cent;
- unspecified impun"tres: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.50 g-

ASSAY
Cany out the testprotectedfrom light.
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection 10 J.lL of test solution (b) andreference
solution (c).

Calculate the percentage contentof C3oH'IlF07 taking into
account the assigned content of triamcinolone
hexacetonide CRS.

STORAGE 1
Protected from light.

IMPURITIES
Specified impurities B.

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient leuel, be detected by one or other of the tests
in themonograph. Theyare limited by thegeneral acceptance
criterion for otherlunspecified impuriti<s andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
there/ore not necessary to identify these impun"cres fQT
demonstration of ccmp/iance. See also5.10. Control of impun"ties
in substances forpharmaceutical use) A, C.
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II-1218 Triamterene

CHARACTERS
Appearance
Yellow,crystalline powder.

Solubility
Very slightly soluble in water and in ethanol (96 per cent).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison triomterene CRS.

TESTS
Acidity
BoitI.O g with 20 mL of water R for 5 min, cool, filter and
wash me filter with 3 quantities, each of 10 mL, of waterR.
Combine the filtrate and washings and add 0.3 mL of
ph<nolphchalein solution R. Not more than 1.5 mL of 0.01 AI
sod; m h sdroxide is re uieed to chan e the colourof the
m rcator.

Impurity D
Gas chromatography (2.2.28)..

Internal standardsolution Dilute 0.1 rnL of nitrobenzene R to
100 mL with methanol R. Dilute I mL of this solution to
50 mL with methanol R.
Test solution Introduce 0.800 g of me substance to be
examinedinto a suitable vial) add 5 mL of dimethyl
sulfoxide R and heat until the sampleis dissolved (do not heat
to boiling). Allow to cool. Add 5 mL of cold methanol R to
enhance the precipitation of triamterene, Filter and wash the
filter with 5 mL of methanol R. Combinethe filtrate and
washing, add 2.0 mL of the internal standard solution and
dilute to 20.0 mL with methanol R.

Reference solution Dissolve 20.0 mg of b<nzyl cyanide R
(impurity D) in methanol R and dilute to 100.0 mL with the
same solvent. Dilute 5.0 mLof the solution to 50.0 mL with
methanol R. To 2.0 mL of this solution add 2.0 mL of the
internal standard solotion and 5 mL of dimethyl sulfoxide R
and dilute to 20.0 mL with methanol R.
Blank solucion Dilute 5 mL of dimethyl sulfoxide R to 20 mL
with methanol R.
Column:
- material: fused silica;
- size: l:;;; 30 m, 0 =0.25 mm;
- stationary phase: macrogol 20 000 R (0.5 urn).

Cartier gas helium for chromatography R.
Flow ,ate 1.5 mUmin.
Splic rauo I: 15.

Temperature:
- column: 170 "C;
- injection part'. 210 "C;
- detector: 230 "C.

Detection Flame ionisation.
Injection I ur,
Run time Twice the retention time of the internal standard.
Relativeretention With reference to the internal standard
(retention time = about 6 min): impurity D == about 1.6.
System suitability Reference solution:
- resolution: minimum 2.0 betweenthe peakdue to

impurity D and the nearest peakdue to the solvent (blank
solution);

- signal-w-noise ratio: minlmum 10 for the peak due to

impurity D.

Limit:
- impun'ty D: calculate the ratio (R) of the area of the peak

due to impurity D to the area of the peakdue to the

2022

internal standard from me chromatogram obtained with
the reference solution; from the chromatogram obtained
with the test solution,calculate the ratio of the area of the
peak due to impurity D to the area of the peak due to the
internal standard: this ratio is not greater than R
(50 ppm).

Related substances
Liquid chromatography (2.2.29).

Testsdution Dissolve 10.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.
Reference solution (b) Dissolve 5.0 mg of.. ..
phase and dilute to 100.0 mLwith e mo e p ase. ute
1.0 mL of the solution to 100.0 mL with the mobile phase.
Dilute 1.0 mL of this solution to 10.0 mL with the mobile
phase.
Reference solution (c) Dissolve the contentsof a vial of
mamterene impurityB CRS in 200 pL of dimethyl sulfoxide R.
Add 5.0 mL of the test solution and dilute to 50.0 mL with
the mobile phase. Filterthe solution through a membrane
filter (nominal pore size 0.45 urn) before injection.
Column:
- size: I = 0.25 m, 0 = 4.0 nun;
- stationary phase: spherical end-copped oclylsilyl silica gelfor

chromawgraphy R (5 urn).

lWobi!e phase butylamine R, acetonitrile R, methanol R, water R
(2:200:200:600 VIVIVIV), adjusted to pH 5.3 with acetic
acidR.

Flow ,ate I rnUmin.
Detection Spectrophotometer at 320 run and at 355 om.

Injection 50 pL.

Relative retention Withreference to triamterene (retention
tlme > about 5 min): impurity A = about 0.6j
impurity B =about 0.8; impurity C =about 1.7.

System suitability:
- resolution: minimum 1.5 betweenthe peaks due to

impurity B and triamterene In the chromatogram obtained
withreference solution (c) at 355 run; if necessary,
increase the quantity of waterR in the mobile phase;

- signal-to-noise ratio: minimum 10 for the principal peakin
the chromatogram obtained withreference solution (b) at
320 om.

Limits:
- correction factors: for the calculation of content,multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B = 1.8j
impurity C =1.5;

- impun'f;Y A ai320 nm: not more than the area of the
corresponding peak in the chromatogram obtainedwith
reference solution (b) (50 ppm);

- impurities B, C at 355 nm: for each impurity, not more
than the area of the principal peakin the chromatogram
obtained with reference solution (a) (0.1 per cent);

- unspecified impun"ties at 355 nm: for each impurity, not
more than the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total at 355 nm: not more than twice the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.2 per cent);
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2022 Tribenoside II-1219

- disregard limit at 355 nm: 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.05 per cent).

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY

Dissolve 0.150 g in 5 mL of anhydrous formic acidR and add
100 mL of anhydrous acetic acidR. Titrate with O. / M
perch/one acid, determining the end-pointpotentiometrically
(2.2.20).

I mL of O. / M perchiosic acid is equivalent to 25.33 mg
of CI2HIIN1'

Tribenoside
(Ph. Bur. monograph /740)

Action and use
Sclerosing agent.

478.6

**** ** ** ****

andanomer at C'

/03/0-32-4

PhEII

B. 2,7-diamino-6-phenylpteridin-4-01,

D. phenylacetonitrile (benzyl cyanide).

Protected from light.

IMPURITIES
Specified impw;ries A, B~ C, D.

A. 5-nitrosopyrimidine-2,4,6-triamine
(nitrosotriaminopyrimidine),

C. 2,4-diamino-6-phenylpteridin-7-oI,

DEFINITION
Mixture of a- and Jl-anomers of ethyl 3,5,6-tri-O-benzyl-D­
glucofuranoside.

Content
96.0 per cent £0 102.0 per cent.

CHARACTERS
Appearance
Yellowish or pale yellow, clear,viscous liquid.
Solubility
Practically insoluble in water, verysoluble in acetone, in
methanol and in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tribenoside CRS.

TESTS
Solution S
Dissolve 4.00 g in methanol R and dilute to 20.0 mL wirh the
same solvent.

Appearance of solution
Solution S is clear (2.2./) and its absorbance (2.2.25) at
420 om has a maximum of 0.10.

Specific optical rotation (2.2.7)
-40.0 to -31.0.

Dilute 2.0 mL of solution S to 20.0 mL with methanol R.

Related substances
Liquid chromatography (2.2.29).

Testsolution (a) Dissolve 1.000 g of the substance to be
examined in a mixture of 5 volumes of waterRand
95 volumes of acetonitrile R and dilute to 25.0 mL with the
same mixture of solvents.

-----------~-------- PhEll' Test solution (b) Dissolve 50.0 mg of the substance to be
examined in a mixture of 5 volumes of waterRand
95 volumes of-a<etonitrile R and dilute to 50.0 mL with the
same mixture of solvents.

Reference solution (a) Dilute 25.0 mg of benzaldehyde CRS
(impurity C) and 30.0 mg of tribenoside impurity A CRS to
100.0 mL with acetonitrile R. Introduce 20.0 mL of this
solutioninto a 50 mL volumetric flask, add 2.5 mL of
water R and dilute to 50.0 mL with acetonitrile R.
Reference solu,;"n (b) Dissolve 50.0 mg of tribenoside CRS in
a mixture of 5 volumesof waterRand 95 volumesof
acetonitrile R and dilute to 50.0 mL with the same mixture of
solvents.

Reference sohuion (c) Dissolve 12.0 mg of tribenoside
impUlily D CRS in a mixture of 5 volumes of waterR and
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95 volwnes of acetonitrile R and dilute to 100.0 mL with the
same mixture of solvents.

Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- '/acionary phase: end-capped ocrade<y/silyl silica gelfor

chromacography R (3 um),

Mobile phase:
- mobl1e phaseA: 0.1 per cent VIV solution of phosphon"c

acidR;
- mobile phaseB: acetonitrile Rj

STORAGE
Under nitrogen, in an airtight container.

IMPURITIES

Time
(min)

Mobile phase A
(per cent pm

Moblle phase B
(per cent Vm

A. 3,5,6-tri- D-benzyl-I ,2-0-(l-methylethylidene)-«-D­
glucofuranose,

Flow rate 1.3 mUmin.
Detection Spectrophotometer at 254 run.

Injection 20 ~ of test solution (a) and reference
solutions (a), (b) and (c).

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A and C; use the chromatogram obtained with
reference solution (c) to identify the peak due to impurity D.

Relative retentions With reference to the ~anomer of
tribenoside (retention time = about 18 min):
«-anomer =about 1.1; impurity C ;;;; about 0.2;
impurity B =about 0.6; impurity D =about 0.8;
impurity A =about 1.4.
System suitabihiy Reference solution (b):
- resolution: minimum 3.0 between the peaks due to the

a-anomer and to the Il-anomer of tribenoside.

Limits:
- impun"ty A: not more than 1.7 times the area of the

corresponding peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);

- impurity C: not more than twice the area of the
corresponding peak in the chromatogram obtained with
reference solution (a) (0.5 per cent); if the area of the
peak due to impurity C in the chromatogram obtained
with the test solution is greater than the area of the
corresponding peak in the chromatogram obtained with
reference solution (a) (0"25 per cent), dilute the test
solution to obtain an area equal to or smaller than the
area of the peak in the chromatogram obtained with
reference solution (a); calculate the content of impurity C
taking into account the dilution factor;

- impurity D: not more than the area of the principal peak
in the chromatogram obtained with reference solution (c)
(0.3 per cent);

- any otherimpun"ty: not more than the area of the peak due
to impurity A in the chromatogram obtained with
reference solution (3) (0.3 per cent);

- com/: maximwn 2.0 per cent;
- disregard limit: 0.17 times me area of the peak due to

impurity A in the chromatogram obtained with reference
solution (a) (0.05 per cent),

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances wirh the following modification.

Injection Test solution (b) and reference solution (b).

Calculate the sum of the percentage contents of the
a-anomer and the Il-anomer of tribenoside taking into
account the assigned content of ttibenotide CRS.

_____________________ I'fIE"

77-90-7402.5

H'C~l?'0°. 0
H,C..."....O

II O~CH3
o

H3C~O 0

PhE" ~

Action and use
Excipient.

(Ph. Bur. monograph 1770)

Tributyl Acetylcitrate

D. dibenzyl ether.

C. benzaldehyde,

CHO

6

B. 3,5-di-D-benzyl-I ,2- 0-( I-methylethylidene) -«-D­
glucofuranose,

DEFINITION
TributyI2-(acetyloxy)propane-I,2,3-tricarboxylale.

Content
99.0 per cenr to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear, oily liquid.

Solubility
Not miscible with water, miscible with ethanol (96 per cent)
and with methylene chloride.

45 ..... 90

90

55 ..... 10

\0

0-40

40 ~ 55
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IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Preparation Thin films between 2 sodiwn chloride plates.

Comparison tributyl acesykioate CRS.

TESTS
Appearance
The substance to be examinedis clear (2.2.1) and not more
intenselycoloured than reference solution BY6 (2.2.2)
Method II).

Acidity
Dilute 109 with 10 mL of previously neutralised ethanol
(96 perunv R and add 0.5 mL of bromothymol blue
solution R2. Not more man 0.3 mL of 0.1 M sodium hydroxide
is required to change the colour of the indicator to blue.

Refractive index (2.2.6)

Tributyl Acetylcitrate II-1221

System suitability:
- resolution: minimum 2.0 between the peaks due to

impurity A and tributyl acerylcitrate in the chromatogram
obtained with reference solution (a);

- repeatability: maximumrelative standard deviation of
5.0 per cent after6 injections of reference solution (b).

Limits:
- impun·'Y A: not more than 3 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.6 per cent);

- impurity C: not more than twice the area of the principal
peak in the chromatogram obtainedwithreference
solution (b) (0.4 per cent);

- impun"ty B: not more than the area of the principal peakin
the chromatogram obtainedwith reference solution (b)
(0.2 per cent);

Related substances
Gas chromatography (2.2.28).

Testsolution Dissolve 0.5 g of the substance to be examined
in methylene chloride R and dilute to 20 rnL with the same
solvent.

Reference solution (a) Dissolve 50 mg of the substance to be
examined and 50 mg of tributyl citra" R (impurity A) in
melhykne chloride R and dilute to 20 mL with the same
solvent.

Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with methylene chloride R. Dilute 1.0 mL of this
solution to 25.0 mL with methykne chloride R.

Reference solution' (c) Dissolve the contents of a vial of
tributylaeetylcitra" for peak identifica.on CRS (containing
impurities Band C) in 1 mL of methylene chloride R.
Column:
- material: fused silica;
- size: 1= 30 rn, 0 = 0.25 mm;
- stationary phase: cyanopropyl(25)pheny/(25)methy/(50)

po/y>iloxane R (film thickness 0.25 pm).

Canier gas helium for chromatography R.
Linear velocity 36 cm/s.
Split ratio 1:20.
Temperature:

Column

Injectionport

Detector

Time
(min)

0-7

7·50

Temperature

CCl
70 -+ 210

210

250

250

0.5 times the area of the principal peak in the
chrornarcgram obtainedwith reference solution (b)
(0.10 per cent);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(1.0 per cent);

- disregard limit: 0.25 times the area of the principal peakin
the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Water (2.5.1Z)
Maximum 0.25 per cent, determined on 2.00 g.

Sulfated ash (2.4.11)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Introduce 1.500 g into a 250 mL borosilicate glass flask.
Add 25 mL of 2-proponol R, 50 mL of water R, 25.0 mL of
1 M sodium hydroxide and a few glassbeads. Heat undera
reflux condenserfor 3 h. Allow to cool. Add 1 rnL of
pheno/phthakin solution R1 and titrate with 1 M hydrochloric
add. Carry out a blanktitration.
1 mL of 1 M sodium hydroxide is equivalent to 100.6 mg
of C2oH340a.

IMPURITIES
Specified impurities A, B, C.

Otherdetectable impuri.es (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited Iry the general acceptance
cruetion for other/unspecified impurities and/or Iry thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun·lies for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) D, E.

Detection Flame ionisation.
Injection 1 JIL; inject via an inert, glass-lined injection port
using an automatic injection device.
Identification of impurities Use the chromatogram supplied
with tributyl aeetylcitra" for peak iden.fication CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaks due to impurities Band C; use the chromatogram
obtainedwith reference solution (a) to identify the peakdue
to impurity A.

Relauve retention With reference to tributyl acetylcitrate
(retention time = about 24 min): impurity B = about 0.70j
impurity C = about 0.83; impurity A = about 0.87.

A. tributyl 2-hydroxypropane-I,2,3-tticarboxylate (tributyl
citrate),

B. tributyl propene-l,2,3-trlcarboxylate (tributyl aconhate),
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11-1222 Tributyl Phosphate 2022

C. 1,2-dibutyl 3-(2-methylpropyl) 2-(acetyloxy)propanel,2,3­
tricarboxylate,

D. butan-f-ol,

Reference solution Dissolve 10 rngof the substance to be
examinedand 10 mg of methyl myrisuue R in methylene
chloride R and dilute (0 10 mL with me same solvent.

Column:
- material: fused silica;
- size: 1= 30 01, 0 = 0.32 mm;
- stationary phase: melhylpalyriloxane R (5 urn).

comer gas helium for chromatography R.

Linear'Velocity 32 em/so
Sp/it ratio 65:1.

Temperature:
- column: 250°C;
- injection pon and detector: 250°C.

Detection Flame ionisation.
Injection I ~L.

. uty acetate.

"'E<I _

____________________ "'E<I

o
"HO/~'O~CH3
OH

o
"

H C»<:O/~'O-<:»>CH
3 O~C~ 3

o
"H3C'O/~'O~CH3
O~CH3

o
"HO/~'O~CH3
O~CH3

A. dibutyl hydrogen phosphate,

D. dibutyl methyl phosphate,

B. butyl dihydrogen phosphate,

C. H,C-[CHiJ,-OH: butan-J-ol,

un'ume wtce ere en ten
Systemsuitability Reference solution:
- resolution: minimum 10 between the peaks due to tri-n-

butyl phosphate and methyl myristate.

Limits:
- a'O' impun·ty: for each impurity, maximum 0.3 per cent;
- total: maximum 0.5 per cent;
- disregard limir. 0.01 per cent.

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 g in 15 mL of ethanol (70 percen' VII? R.
The solution complieswith the test. Prepare the reference
solution using 10 mL of chloride standard solution
(5 ppm CO Rand 5 mL of anhydrous ethanol R.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.0 g.

STORAGE
Protected from light.

IMPURITIES

E. dibutyl ethyl phosphate,

**** ** ** ****

126-73-8·266.3

o
"

H3C~O .... ~.....O~CH3
O~CH3

(Tri-n-butyl Phosphate, Ph. Bur. monograph 1682)

Tributyl Phosphate

Acdon and use
Excipient.

CHARACTERS
Appearance
Clear, colourless or pale yellowliquid.

Solubility
Slightly soluble in water, miscible with ethanol (96 per cent).

bp
About 289 "C, with decomposition.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tri-n-bucyl phosphate CRS.

TESTS
Appearance
The substance to be examinedis clear (2.2.1) and not more
intensely colouredthanreference solutionY6 (2.2.2,
Meth~ lI).

Acidity
Dissolve 50 mL in 50 mL of ethanol (96 percen!> R
previously adjusted with 0.02 M potassium hydroxUk or
0.02 M hydrochwric acid to a bluish-green colour, using
0.5 mL of bromothymol blue solution R1 as indicator. Titrate
with 0.02 M potassium hydroxide to the initial bluish-green
coloration. Not more than 0.8 mL of 0.02 M potassium
hydroxide is required.

Related substances
Gas chromatography (2.2.28): use the normalisation
procedure.
Test solution The substance to be examined.
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o
"H3C~O/~'O~CH
O~CtiJ .)

F. diburyl propyl phosphate,

o
"H,cT .,P,~o I 0 CH3
O~CH3

CH,

G. dibutyl 2-methylpropyl phosphate,

o
"H3C~O"~'O~CH3
O~CH3

TESTS
Solution S
Dissolve 2.5 g in waterR and dilute to 25 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solutionBY7 (2.2.2, Method If).

Chlorides (Z.4.'f)
Maximum 100 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.
Sulfated ash (Z.4.14)
Maximum0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 20 mL of wat" R. Titrate with 0.1 111
sodium hydroxide, determining the end-point

H.)C CHJ

~ooF
"

H3C~O"'~""'O~CH3
O~CHJ

I mL of 0.1 111 sodium hydroxide is equivalent to 16.34 mg of
C,HCIJO,.

STORAGE
In an airtight container.
____________________ PhEw

I. pentabutyl phosphate.
____________________ PhEw

Triclofos Sodium

Trichloroacetic Acid
(Ph. Bur. monograph 1967)

OH
CI'-../" '/\ o-~=o

CI CI DNa

rs-os»

DEFINITION
TriclofosSodium is sodium 2,2,2-trichloroethyl hydrogen
orthophosphate. It contains not less than 41.3% and not
more than 43.2% of CIand not less than 97.0% and not
more than 102.0% of C2H,Cl,NaO.P, both calculated with
reference to the dried substance.

CHARACTERISTICS
A white or almost white powder; hygroscopic.
Freely soluble in water; slightly soluble in ethanol (96%);
practically insoluble in ether.

IDENTIFICATION
A. The infrared absorption S}>e<oum, Appendix II A, is
concordant with the reference spectrum of triclofos sodium
(RS 350).

B. Yields the reactions characteristic of sodium salts,
Appendix VI.
C. Heat 0.1 g with I g of anhydrous sodium carbonate to a dull
red heat and maintain for 10 minutes, cool, extract the
residue with water and filter. The filtrate yields the reactions
characteristic of chlorides and of phosphates, Appendix VI.

TESTS
Acldity
pH of a 2% w/v solution, 3.0 to 4.5, Appendix V L.

7Z4&-ZIJ.0251.4

Action and use
Hypnotic.

Preparation
Tridofos Oral Solution

C,HCIJO, 163.4

Preparation
Trichloroacetic Acid Solution
PhEw _

DEFINITION
2,2,2-Trichloroacetic acid.

Content
98.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
White or almost white, crystalline mass or colourless crystals,
verydeliquescent.

Solubility
Verysoluble in water, in ethanol (96 per cent) and in
methylene chloride.

IDENTIFICATION
First identification: A.
Second identification: H, C.
A. Infrared absorption spectrophotometry (Z.Z.Z4).

Comparison Ph. Eur. reference spectrum of lrithloroacetic acid.
B. To 0.5 inL of solution S (see Tests) add 2 mL of
pyridine Rand 5 mL of strong sodium hydroxide solurion R.
Shake vigorously and heat in a water-bath at 60-70 °C for
5 min. The upper layer shows an intensered colour.
C. Solution S is strongly acidic (Z.Z.4).

o

c'0oH
CI CI
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PhE" _

DEFINITION
2,2',2fI-Nitrilotriethanol.

Content
99.0 per cent mlm to 103.0 per cent mlm of total bases
(anhydrous substance).

CHARACTERS
Appearance
Clear, viscous, colourless or slightly yellow liquid, very
hygroscopic.

Solubillty
Miscible with water and with ethanol (96 per cent), soluble
in methylene chloride.

IDENTIFICATION
First identification: BJ C.

Second identification: A J BJ D.
A. Relative density (2.2.5): 1.120 to 1.130.

B. Refractive index (2.2.6): 1.482 to 1.485.

C. Examine the chromatograms obtained in the test for
related substances.

Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).

D. To I mL add 0.3 mL of copper sulfate solution R. A blue
colour develops. Add 2.5 mL of d,lute sodium hydroxide
solution R and heat to boiling. The blue colour remains
unchanged.

TESTS
Solution S
Dissolve 12 g in waterR and dilute to 20 mL with the same
solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution B6 (2.2.2, MethodII).

Related substances
Gas chromatography (2.2.28).

Internal standard solution Dissolve 5.0 g of 3-aminopropanol R
in water R and dilute to 100.0 mL with the same solvent.

Test solution Dissolve 10.0 g of the substance to be
examined in waterR. Add 1.0 mL of the internal standard
solution and dilute to 100.0 mL with waterR.
Reference solution (a) Dissolve 1.0 g of trolamine CRS in
waterR and dilute to 10.0 mL with the same solvent.

Reference solution (b) Dissolve 0.1 g of trolamine
impnrity A CRS, 0.5 g of trolamine impurity B CRS and 0.1 g
of trolamine CRS in waterR and dilute to 10.0 mL with the
same solvent. To 1.0 mL of this solution add 1.0 mL of the

Triethanolamine •••• •
• *• •*••

102-71-6149.2

rOH
HO~N"""""""'OH

(Trolamine, Ph. Eur. monograph 1577)

CJI,,NO,

Action and use
PhannaceuticaJ aid.

suitable volumes 0 a. 0 W v so uuon 0 potasttum
dihydrogen orthophosphate in the same manner.

Lass on drying
When dried at 1000 at a pressure not exceeding 0.7 kPa for
3 hours, loses not more than 5.0% of its weight. Use 1 g.

ASSAY
For Cl
Mix 0.25 g with 1 g of anhydrous sodium carbonate in a nickel
crucible about 3 cm in diameter, fill the crucible completely
with anhydrous sodium carbonate and invert into a nickel
crucible about 4 em in diameter; cover the smaller crucible
with anhydrous sodium carbonate, well pressed down, using
about 25 g of anhydrous sodium carbonate in all. Heat for
30 minutes at a dull red heat, cool, transfer to a 400 mL
beaker, add 150 mL of waterand boil gently for 10 minutes.
Filter through absorbent cotton into a 600 mL beaker,
washing the residue thoroughly with hot water, until about
400 mL of filtrate has been collected. Cool, cautiously add
n;tn·c acid until the solution is neutral to litmus paperand add
3 mL of nitricacid in excess. Add 50 mL of O.1M silver nitrate
VS, allow to stand until precipitation is complete, filter, wash
the precipitate with water and titrate the combined filtrate
and washings with O.1M ammonium thiocyanate VS using
ammonium iron(Ill) sulfate solution R2 as indicator. Each mL
of O.1M silver nitrate VS is equivalent to 3.545 mg of Cl.

For CzH,Cl,NaO.,p
Heat 0.2 g in a Kjeldahl flask with 2 mL of sulfuric acidand
2.5 mL of nitn·c aciduntil brown fumes cease to be evolved,
cool, add 1 mL of nitric add and heat again. Continue
adding nitro: acid and heating until brown fumes are no
longer evolved and the solution is colourless when cold. Heat
until dense, white fumes are evolved, cool, transfer the
solution to a flask with the aid of 150 mL of waterJ add
50 mL of cim·c-molybdic acidsolution and heat slowly to
boiling. Swirling the flask continuously, add ~5 mL of
quinoline solution at first drop wise and then iri a steady
stream, heat on a water bath for 5 minutes and cool. Filter,
wash the precipitate with wateruntil free from acid, transfer
the precipitate to a flask with the aid of 100 mL of water, add
50 mL of O.5M sodinm hydroxitk VS and shake until
dissolved. Titrate the excess of alkali with O.5M hydrochloric
acid VS using phenolphtha/ein-thymol blue solution as
indicator. Each mL of O.5M sodium hydroxide VS is equivalent
to 4.835 mg of C,H,CI,NaO'p. Correct the result for the
content of phosphate, as determined by the test described
above; each mg of P04 is equivalent to 2.65 mg of
C,H,Cl,NaO.P.

Clarity of solution
A 2.0% w/v solution is clear, Appendix N A.

Chloride
Dissolve 0.1 gin 50 mL of water. 15 rnL of the solution
complies with the limit test for chlorides, AppendixVII
(0.17%).

Phosphate
Not more than 1.0%, calculated as P04.1 when determined
by the following method. Dissolve 25 mg in 10 mL of water,
add 4 mL of I M sulfuric acid, I mL of ammonium molybdate
solution and 2 mL of methylaminophenol-tu/fite reagent and
allow to stand for 15 minutes. Add sufficient waterto
produce 25 ml., allow to stand for a further 15 minutes and
measure the absorbance of a 4 em layer of the resulting
solution at 730 om, Appendix II B. Calculate the content of

. . db treatin
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internal standard solution and dilute to 100.0 mL with
water R.
Co/urn":
- material: fused silica;
- size: 1= 25 ffi, 0 :::: 0.25 mm;
- stationary phase: phenyl(5)methyl(95)po/ysiloxane R (film

thickness 0.50 urn).

Carriergas helium for chromarography R.
FI"", rare I mUmin.

Splirrario 1:35.

Temperature:

Detection Flame ionisation.

lnjeaion 2 J.lL; If necessary inject a blanksolution.
Elution order Impurity A, 3-aminopropanol, impurity B,
trolamine.

System suitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

3-aminopropanol and impurityA.
Limits:
- impurity A: calculate the ratio (Rl) of the area of the peak

due to impurity A to the areaof the peak due to the
internal standard from the chromatogram obtained with
referencesolution (b); from the chromatogram obtained
with the test solution, calculate the ratio of the area of any
peak due to impurity A to the areaof the peak due to the
internal standard: this ratio is not greater than Rl
(0.1 per cent);

- impuniy B: calculate the ratio (R2) of the area of the peak
due to impurity B to the area of the peak due to the
internalstandard from the chromatogram obtained with
referencesolution (b); from the chromatogram obtained
with the test solution, calculatethe ratio of the area of any
peak due to impurity B to the area of the peak due to the
internal standard: this ratio is not greater than R2
(0.5 per cent);

- touil: calculate the ratio (R4) of the areaof the peak due
to trolamine to the area of the peakdue to the internal
standard from the chromatogram obtained with reference
solution (b)j from the chromatogram obtained with the
test solution, calculate the ratio of the sum of the areas of
any peaks, apart from the principal peak and the peak due
to the internal standard, to the area of the peak due to the
internalstandard: this ratio is not greater than
10 times R4 (1.0 per cent);

- disregard limir. 0.5 times the ratioof the area of the peak
due to trolamine to the areaof the peak due to me
internal standard from the chromatogram obtained with
reference solution (b) (0.05 per cent).

Impurity C
Gas chromatography (2.2.28).

So/vent mixture acerone R. chloroform R (10:50 VW).
Preparation of solid phaseextraction columns
Column A Fill a glass chromatography colwnn
(I = 400 mm; '" = 20 mm) filled with a

Column

Injection port

Detector

Tim.
(min)

o
0·8.5

Temperature
('C)

60

60 -+ 230

260

280

pclytetraflucroethylene stopcockand a sintered-glass filter
(160) (2.1.2) with 3 g of anhydrous sodium sulfare R and cover
with a mixture of 17 g of kieselguhr jQT chromatography Rand
3 g of porassium carbonare R. Settle the column bed by gently
tapping the column.

Co/umn B Fill a glass chromatography column
(I =400 mm; '" =20 mm) filled with a
polytetrafluoroethylene stopcock and a sinrered-giass filter
(160) (2.1.2) with a slurry of25 g of silica gelfor
chromarography R (0.063 to 0.200 mm) in the solvent
mixture. Apply slight pressure to settle the column and cover
the column bed with 5 g of anhydrous sodium sulfare R.
Standardsolution (a) Dissolve 50 ~L of
N-mirosodiethanolamine R (impurity C) in methanol Rand
dilute to 50.0 mL with the same solvent. Dilute 100 JlLof
this solution to 100.0 mL with memono/ R.

solution (a) to 50.0 mL with methanol R.

Standard sdtuion (c) Dissolve 50 mg of
N-nilrosodiisopropanolamine R in methanol R and dilute to
50.0 mL with the same solvent. Dilute I 00 ~L of this
solution to 100.0 mL with methanol R.
Tesl solution To 2.000 g of the substance to be examined
add 200 ~L of methanol Rand 0.5 g of sulfamie acidR.
Dissolve in 8 mL of waterfor chromarography R and apply the
solution to column A. Rinse the vessel twice with 1.5 rnLof
warer for chromatography R, applying the rinsings to the
column as well. After 15 min of equilibration time elute the
column with 100 mL of ethylacetare R, collecting the eluate
in a 250 mL distillation flask. Evaporate the eluate to

dryness. Take up the residue in 1 mL of the solvent mixture,
apply to column B and let it settle. Rinse the flask twice with
2 mL of the solvent mixture, apply the rinsings to the
column and let it settle. Wash the column with 100 mL of
the solvent mixture and discard. Elute the column with
120 mL of acetone R, collecting the eluate in a 250 mL
distillation flask. Evaporate the eluate to dryness. Transfer
the residue with the aid of a small volume of acetone R into a
vial and evaporate again to dryness undera stream of
nitrogen R. Dissolve the residue to 100 f-tL of trimethylpentane
for chromarography R, add I 00 ~L of N-methyltrimerhylsi/yl­
trijluoroaccUJmide R and heat at 70°C for 1 h.

Reference so/ulion (a) To 2.000 g of the substance to be
examined add 200 ~ of standard solution (b) and 0.5 g of
sulfamie acidR. Dissolve in 8 mL of waterfor
chromatography R, then proceed exactlyas describedfor the
test solution.

Reference so/ution (b) To 1.0 mL of standard solution (a)
add 4.0 mL of standard solution (c) and mix. Transfer
500 ilL of the solution to a vial and evaporate to dryness
under a stream of nitrogen R. Dissolve the residue in 200 IJL
of trimethylpentane for chromarography R, add 200 ~L of
N-methyltrimethy/si/yl-tnJlucroaceramide R and heat at 70°C
for I h.

Reference solution (c) In a vial, evaporate 200 ul, of standard
solution (b) to drynessunder a streamof nitrogen R. Dissolve
the residue in 100 ~L of trimethylpentanefor
chromatography R, add I 00 ul, of N-methyltrimerhylsi/yl­
triftuoroacetamide R and heat at 70°C for I h.

Blank solution In a gas chromatography vial, evaporate
200 ilL of methanol R to drynessunder a stream of
nitrogen R. Dissolve the residue in 100 IJL of m'methylpentane
for chromarography R add I00 ~ of N-methyltrimerhy/si/yl­
trifiuoroacetamide R and heat at 70°C for I h.
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Column:
- material: fused silica;
- size: I =30 m; 0 = 0.25 mrn;
- stationary phase: base-deacoval<d phenyl(5)methy/(95)

poIysiloxane R (film thickness I pm).

Carrier gas helium for chromarography R.
Flow rate 2 mUmin.
Spli, ratio I: 10.
Temperature:

~
HO~ ~OH

B. 2,2'-iminodiethanol (diethanclamine),

NO,
HO~N~OH

C. 2,2'-(nitrosoimino)diethanol (N-nitrosodiethanoJamine).
____________________ PhE<I

Time
(min)

Temperature
CC)

Column

Injection port

0-5

5 - to
180 --> 280

280

220

Triethyl Citrate
(Ph. Eur. monograph 1479)

PhE<I _

77-93-0276.3

Action and use
Excipient.

DEFINlTION
TriethyI2-hydroxypropane-I,2,3-tricarboxylate.

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Clear) viscous) colourless or almostcolourless, hygroscopic
liquid.

Solublllty
Soluble in water) miscible with ethanol (96 percent), slightly
soluble in fatty oils.

IDENTIFICATION
Fint identijkation: AJ B.
Second idendficadon: A, C, D.
A. Refractive index (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of methyl citrate.

C. It gives the reaction of esters (2.3.1).

D. To 0.5 mL add 5 mL of ethanol (96 per cen!J R and 4 mL
of dilute sodium hydroxide so/utien R. Boil under reflux for
about 10 min. 2mL of me solution gives the reaction of
citrates (2.3.1). :

TESTS
Appearance
The substance to be examined is clear(2.2.1) and not more
intensely coloured than reference solutionBY6 (2.2.2,
Method ll).

Acidity
Dilute 10 g with 10 mL of previously neutralised ethattol
(96 per cen!J R, add 0.5 mL of bromothymal blue solution R2.
Not more than 0.3 mL of 0.1 M sodium hydroxide is required
to change the colour of the indicator to blue"

Refractive lndex (2.2.6)
1.440 to 1.446.

A. 2-aminoethanol (ethanolamine),

Detection Chemoluminescence:
- dualplasma burner in nitrosamine mode;
- burner temperature: 450 °c;
- oxygen flow rate: 4.4-5.0 mUmin.

Injution 4 ~L.

Systemsu;tabilily:
- resolution: minimum 1.3 between the peaks due to

impurity C and N-nitrosodiisopropanolamine in the
chromatogram obtained withreference solution (b);

- recovery: minimum 50 per cent. The difference between
the area of the peakdue to impurity C in me
chromatogram obtained with reference solution (a) and
the area of the corresponding peakin the chromatogram
obtained with the test solutionis not less than0.5 times
the area of the corresponding peakin the chromatogram
obtained with reference solution (c).

Limits:
- impun"'Y C: not more than the difference between the area

of the peak due to impurity C in the chromatogram
obtained with reference solution (a) and the area of the
corresponding peakin the chromatogram obtained with
the test solution (24).

Water (2.5./Z)
Maximum 1.0 per cent) determined on 1.000 g.
Open the titration vessel) introduce the substance to be
examined directly into the previously titrated solvent. Stopper
the flask immediately.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g. Do not carry
out the initial heating on a water-bath.

ASSAY
Dissolve 1.200 g in 75 mL of carbon dioxide-free wa'er R.
Add 0.3 mL of methylred solution R. Titrate with
I M hydrochloric acid.
I mL of I M hydrochloric acidis equivalent to 0.149 g
of C.H,sNO,.
STORAGE
In an airtight container) protected from light.'

IMPURITIES
Specified impurities A, B, C.

www.webofpharma.com



2022 Trifluoperazine Hydrochloride 11-1227

Related substances
Gas chromatography (2.2.28): use the nonnalisation
procedure.

Testsolution Dissolve 1.0 mL of the substance to be
examined in methylene chloride R and dilute to 50.0 mL with
the same solvent.
Reference solution Dissolve 1.0 mL of the substance to he
examined and 0.5 mL of meihyluidecanoate R in methylene
chloride R, then dilute to 50.0 mL with the same solvent.

Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.32 nun;
- stationary phase: methy/pQlysi/oxane R (5 um).

Carriergas helium for chromatography R.
LinearVdOCliy About 26 em/s.

Trifluoperazine Hydrochloride
(Ph. Eur. monograph 0059)

480.4

Action and use
Dopamine receptor antagonist; neuroleptic.

Pre aration

.2HCI

**** ** ** ****

440-17-5

Temperature:
- column: 200 DC;
- injettion port and detector: 220°C.

Detection Flame ionisation.
Injection 1.0 ~L.

Run time Twice the retention time of triethyi citrate.

Retention time Triethyl citrate = about 13.6 min.

System su;tabiltty Reference solution:
- resolution: minimum 1.5 between the peaks due to triethyl

citrate and methyl tridecanoate.

Limits:
- any impumy: for each impurity, maximum 0.2 per cent;
- total: maximum 0.5 per cent;
- disregard limit. 0.04 per cent.

Water (2.5.1Z)
Maximum 0.25 per cent, determined on 1.000 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, detennined on 1.0 g.

ASSAY

Introduce 1.500 g into a 250 mL borosilicate-glass flask
fitted with a reflux condenser. Add 25 mL of 2-propanol R,
50 mL of waterR, 25.0 mL of I M sodium hydroxide and a
few glass heads. Heat under a reflux condenser for 1 h.
Allow to cool. Add I mL of phenolphthalein solution R1 and
titrate with 1 M hydrochloric acid. Carry out a blank titration.

I mL of 1 M sodium hydroxide is equivalent to 92.1 mg
of C12H2007.

STORAGE
In an airtight container.

IMPURITIES

A. triethyl propene-I,2,3-tricarboxylate (methyl aconitate}.

------- PhE"

uoperazme a e

PhE" _

DEFINITION
Trifluoperazine hydrochloride contains not less than
99.0 per cent and not more than the equivalent of
101.0 per cent of 10-[3-(4-methylpiperazin-I-yl)propyl]-2­
(trilluoromethyl)-IOH-phenothiazine dihydrochloride,
calculated with reference to the dried substance.

CHARACTERS
A white to pale yellow, crystalline powder, hygroscopic, freely
soluble in water, soluble in alcohol.

It melts at about 242 °C, with decomposition.

IDENIlFICATION
A. Protect the solutions from bright light ami measure the
absorbances immediatdy. Dissolve 50 mg in 0.1 M hydrochlori<
add and dilute to 500 mL with the same acid. Examined
between 280 nm and 350 om, the solution shows an
absorption maximum (2.2.25) at 305 run. Dilute 5 mL of the
solution to 100 mL with 0.1 M hydrochlori< acid. Examined
between 230 nm and 280 nm, this solution shows an
absorption maximum at 255 om. The specific absorbance at
this maximum is about 650.

B. It complies with the identification test for phenothiazines
by thin-layer chromatography (1.3.3): use trifluoperazine
hydrochloride CRS to prepare the reference solution.

C. Place 0.25 g in a 100 mL separating funnel, add 5 mL of
waterRand 2 mL of dilute sodium hydroxide solution R. Shake
vigorously with 20 mL of ether R. Wash the ether layer with
5 mL of waterR, add 0.15 g of maleic acidR and evaporate
the ether. The residue, recrystallised from 30 mL of alcohol R
and dried, melts (2.2.14) at about 192 'C.

D. Dissolve about 0.5 mg in I mL of water R, add 0.1 mL of
bromine waterR and shake for about 1 min. Add dropwise
1 mL of sul/un·c. acidR with constant, vigorous agitation.
A red colour develops.

E. Dissolve about 50 mg in 5 mL of waterR and add 2 mL
of nioic add R. A dark-red colour develops which turns to
pale yellow, The solution gives reaction (a) of chlorides
(2.3.1).

TESTS
pH (2.2.3)
Dissolve 2.0 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent. The pH of the solution is
1.6 to 2.5.

Related substances
Carryout the testprotected from bright light.
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Examine by thin-layer chromatography (2.2.27), using a
TLC silica gelGFm plate R.
Test solutio-n Dissolve 0.2 g of the substance to be examined
in a mixture of 5 volumes of diethylamine R and 95 volumes
of methanol R and dilute to 10 mL with the same mixture of
solvents. Prepare immediately before use.
Reference solution Dilute 1 mLof the test solution to

200 mL with a mixture of 5 volumes of diethylamine Rand
95 volumes of 11Ielhanol R.
Apply to me plate 10 I-'L of each solution. Develop overa
path of 12 em using a mixture of 10 volumes of acetone R,
10 volumes of diethylamine Rand 80 volumes of
cydohexane R. Allow the plate to dry in airand examine in
ultraviolet lightat 254 run. Any spot in the chromatogram
obtained with the test solution, apart from the principal spot,

ot i thechromate m

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble to slighdysoluble in water and in ethanol
(96 per cent), practically insoluble in methylene chloride.

IDENTIFlCATION
Infrared absorption spectrophotometry (2.2.24).

Comparison tnjlun'dine CRS.

TESTS
Specific optical rotation (2.2.7)
+ 47 to + 51 (dried substance).

Dissolve 0.300 g in waterR and dilute to 10.0 mL with the
same solvent.

PIlE" _

Time MobUe phase A MobUe phase B
(min) (per cent VIII) (per cent VM

0-3 95 5
3 - 10 95 --> 85 5 --> 15

10 - 15 85 15

Liquid chromatography (2.2.29). Cany Ollt the testprotected
from light. Use the solutions within 12 h.
Solvent mixture Mobile phase B, mobile phaseA
(5:95 VIII).
Test solution Dissolve 20.0 mg of the substance to be
examined in the solventmixture and dilute to 10.0 mL with
the solvent mixture. Dilute 1.0 mL of the solution to
10.0 mL with the solvent mixture.

Reference solutron (a) Dilute 1.0 mL of the test solution to
100.0 mL with thesolvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 20.0 mg of trij/uridine CRS in
the solventmixtureand dilute to 10.0 mL with the solvent
mixture. Dilute 1.0 mL of the solution to 10.0 mL with the
solvent mixture.
Reference solutron (c) Dissolve 2 mg of 5-carboxyuracil R
(impurity C) in the solvent mixture and dilute to 100 mL
with the solvent mixture. Dilute 1 mL ofthe solution to
10 mL with the solvent mixture (solution A). Dissolve the
contents of a vial of trij/llridine impurity A CRS in 1 mL of
solutionA.
Column:
- size: 1= 0.25 m, 0 = 4.6 rom;
- statronary phase: base-deactivated end-capped octadecyMy1

silica gelfor cltromawgraphy R (5 urn).

Mobile phase:
- mobile phaseA: 7.8 gIL solution of sodium dihydrogen

phosphate R adjusted to pH 6.0 with ammom'a R;
- mobile phaseB: acelOnirie R;

Flowrate 1.0 mllrnin.

Detection Spectrophotometer at 263 run.
Aurosampler Set at 4 °C.

Injection 20 ~L.

Identification of impunties Use me chromatogram obtained
with reference solution (c) to identify the peaksdue to

impurities A and C.
Relativeretention Withreference to trifluridine (retention
time =about 13.8 min): impurity C =about 0.19;
impurity A = about 0.21.

70-00-8296.2

(ph. Eur. monograph 29/0)

Trifluridine

o tame WI e re erence so unon . per cen .

Loss on drying (2.2.32)
Not more than 1.5 per cent, determined on 1.000 g by
drying in an oven at 105 °C.

Sulfated ash (2.4.14)
Not more than0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 50 mL of alcohol R and add 5.0 mL of
0.01 M hydrochlonc acid. Cany out a potentiometric titration
(2.2.21J), using 0.1 M sodium hydroxide. Read the volume
addedbetween the 2 points of inflexion.
1 mL of 0.1 M sodium hydroxide is equivalent to 48.04 mg of
C21H,.Cl,F,N,S.

STORAGE
Store in an airtight container, protected from light.
____________________ PIIE"

Action and use
Pyrimidine nucleosideanalogue; antiviral (herpes viruses).

Preparation
Trifluridine Eye Drops

DEFINITION
1-(2-Deoxy-ll-o-erythr<>-pentofuranosyl)-5­
(trifluoromethyl)pyrimidine-2,4(IH,3H)-dione.

Content
98.0 per cent to 102.0 per cent (dried substance).
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System suitability Reference solution (c):
- resolution: minimum 1.5 between the peaks due to

impurities C and A.
Calculation of percentage contents:
- for each impurity, use me concentration of trifluridine in

reference solution (a).

Limits:
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- IOla/: maximum 0.2 per cent;
- reponing threshold: 0.05 per cent.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C for 4 h.

ASSAY

Triflusal 11-1229

D. 1-(2-deoxy+D-erythro-pentofuranosyl)pyrimidine-2,4
(IH,3H)-dione,

------------- PhE"

(Ph. Bur. monograph 1377)

I""'yCo,H

F3C~O
OACH3

related substances with the following modification.
Injection Test solution and reference solution (b).

Calculate me percentage-content OfCloHIIF3N20j taking
into account the assigned content of trifturidine CRS.

IMPURITlliS
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, bedeuaed by <me or other of the tests
in the monograph. Theyare limitedby the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impun'ties for
demonstration of compliance. See also5. JO. Control of impurities
in substances forpharmaceutical use) A, B, C, D, E.

yrimi e- I

Triflusal

C,oH,F,O.

one urac .

248.2 322-79-2

A. 1-(2-deoXY-~-D-erythro-pentofuranosyl)-2,4-dioxo-1,2,3,4­
tetrahydropyrimidine-5-carboxylic acid,

B. 5-(trifluoromethyl)pyrimidine-2,4(IH,3H)-dione,

c. 2,4-dioxo-i,2,3,4-tetrahydropyrimidine-5-earboxyiic acid
(5-carboxyuracil),

Action and use
Thromboxane synthesis inhibitor; antiplatelet drug.

PhE" _

DEFINITION
2-(Acetyloxy)-4-(trifluoromethyl)benzoic acid.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white,crystalline powder.
Solubillty
Practically insoluble in water, very soluble in anhydrous
ethanol, freely soluble in methylene chloride.
mp
About 118 °C, withdecomposition.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.2if).
Comparison tnflusalCRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

Test solutWn Dissolve 0.200 g of the substance to be
examined in autonit1ile R and dilute to 20.0 mL with the
same solvent. Prepare thesolution immediately before use.

Reference solution (a) Dissolve 5.0 mg of triflusal
impurity B CRS in acetonitrile R and dilute to 10.0 mL with
the samesolvent.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 25.0 mL with acetonitrile R.
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Reference solution (c) Dissolve 2.5 mg of the substance to be
examined in acetonitrile R, add 5 mL of reference solution (a)
and dilute to 10.0 mL with acetonitrile R. Prepare thesolution
immediately before we.

Column:
- size: 1= 0.15 m, 0 :::;; 4.0 moo;
- stationary phase: end-capped oaadecylsilyl silica gelfor

chromatography R (4-5 pm).

Mobile phase:
- mobile phase A: 0.5 pet cent VIV solution ofphosphoric

acid R;
- mobile phase B: acetonitrile R;

Thne
(min)

0-20

Mobile phase A
(per cent VIP)

80 -> 30

MobUe phase B
(per cent VIl')

20 -> 70

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acaptance
criterion for otherlunspecified impurities and/or by the general
monograph Substances for phannaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) A, C, D.

A. 2-(acetyloxy)benzene-l,4-dicarboxylic acid

____________________ PhE"

C. acetic 2-(acetyloxy)-4-(trilluoromethyl)benzoic anhydride,

**** ** ******
Medium-chain Triglycerides
Fractionated Coconut Oil
(Ph. Bur. monograph 0868)

D.2-1I2-(acetyloxy)-4-(trilluoromethyl)benzoyl]oxy)-4­
(trilluoromethyl)benzoic acid.

B. 2-hydroxy-4-(trilluoromethyl)benzoic acid
(4-(trilluoromethyl)salicylic acid),

Sulfated ash (2.4.J4)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

Flow rare 1.2 mIJmin.

Detection Spectrophotometer at 237 nm.
Injection 10,u.. of the test solution and reference
solutions (b) and (c).

Identification of impun"lies Use the chromatogram obtained
with reference solution (b) to identify the peak due to
impurity B.
Relative retention With reference to triflusal (retention
rime =about II min): impurity B =about 1.2.

Systemsuitability Reference solution (e):
- resolution: minimum 3.0 betweenthe peaks due to triflusal

and impurity B. •

Limits:
- impun·ty B: not more than 1.5 times the area of the

corresponding peakin the chromatogram obtained with
reference solution (b) (0.3 per cent);

- unspecified impurities: for each impurity, not more than
0.5 times the area of the peakdue to impurity B in the
chromatogram obtainedwith reference solution (b)
(0.10 per cent);

- sum of impurities otherthan B: not more than0.5 times the
area of the peakdue to impurity B in the chromatogram
obtainedwithreference solution (b) (0.1 per cent),

- disregard limir. 0.25 times the area of the peakdue to
impurity B in the chromatogram obtained with reference
solution (b) (0.05 per cent).

Los. on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo.

ASSAY
Dissolve 0.200 g in 50 mL of anhydrous ethanol R. Titrate
with 0.1 M sodium hydroxide, determining the end-point
potentiomenically (2.2.20).

I mL of O. J M sodium hydroxide is equivalent to 24.82 mg of
C lOH7F,O•.

STORAGE
In an airtight container, at a temperature not exceeding
25 "C.

IMPURITIES
Specified impurities B.

Action and use.
Excipient.
When Medium-chain Triglycerides are prepared from the
endosperm of Cocos nucifera L the title fractionated coconut
oil may be used.

PhE" _

DEFINlTION
Mixture of triglycerides of saturated fatty acids, mainly of
caprylic (octanoic) acid and of capric (decanoic) acid.
The fatty acids are obtained from the oil extracted from the
hard, driedfraction of the endosperm of Cocos nucifera L.
or from the dried endosperm of Elaeis guineensis jacq.
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Content
Minimum 95.0 per cent of saturated fatty acids with 8 and
10 carbon atoms.

CHARACTERS
Appearance
Colourless or slightly yellowish, oily liquid.
Solubility
Practically insoluble in water, miscible with ethanol
(96 per cent), withmethylenechloride, with lightpetroleum
and with fany oils.

Relative density
About 0.95.

Refractive index
About 1.446.

IDENTIFICATION

Triglycerol Diisostearate 1I-1231

Detection Flame ionisation.
Split ratio I: 100.

Composition of thefatty-acid fraction 0/thesubstance:
- caproic acid: maximum 2.0 per cent;
- caprylic acid: 50.0 per cent to 80.0 per cent;
- capric acid: 20.0 per cent to 50.0 per cent;
- tauncacid: maximum3.0 per cent;
- myristic acid: maximum 1.0 per cent;
- jatly acids 0/chain length greater thanor equal to C,6:

maximum 1.0 per cent.

Water (2.5.32)
Maximum 0.2 per cent, determined on 1.00 g.

Sulfated ash (2.4.14)
Maximum0.1 per cent, determined on 2.0 g.

STORAGE

Secondidemificauon: AJ B~ D.
A. Iodine value (2.5.4): maximum 1.0.

B. Saponification value (2.5.6): 310 to 360.
C. Composition of fatty acids (see Tests).

D. Viscosity (see Tests)..
TESTS
Appearance
The substance to be examined is clear (2.2.1) and not more
intensely coloured thanreference solutionY3 (2.2.2~
Method1).

Alkaline impurities
Dissolve 2.00 g in a mixture of 1.5 mL of ethanol
(96 per cen!! R and 3.0 mL of ether R. Add 0.05 rnL of
bromophenol bluesoluMnR. Not more than 0.15 rnL of
0.01 M hyt!rochlonc acid is required to change the colour of
the indicator to yellow.

Viscosity (2.2.9)
25 ml'a-s to 33 ml'e-s.

Acid value (2.5./)
Maximum 0.2.

Hydroxyl value (2.5.3, MethodA)
Maximum 10.

PeroxIde value (2.5.5, MethodA)
Maximum 1.0.

Composition of fatty acids
Gas chromatography (2.4.22, MethodC) with the following
modifications. Use the mixture of calibrating substances in
Table 2.4.22.-2.

Column:
- maseriot: fused silica;
- size: 1= 30 m, 0 = 0.32 nun;
- stationary phase: maaogol20 000R (film thickness

0.5 11m). .

Carriergas helium for chromaUJgraphy R.

Flow rate 1.3 mUmin.
Temperature:

FilSl iden .

Column

Injectionport

Detector

. ,

Tim.
(min)

0- 1

1-35

35 - 50

Temperature
CC)
70

70 -> 240

240

250

250

LABELLING
The labelstates, where applicable, that the substance is
intended for use in parenteral nutrition.

---------------- PIlE"

Triglycerol Diisostearate
(ph. Eur. monograph 2032)

PIlE" _

DEFINITION
M.ixture of polyglycerol diesters of mainly isostearic acid,
obtainedby esterification of polyglycerol and isostearic acid.
The polyglycerol consistsmainlyof triglycerol.

CHARACTERS
Appearance
Clear,yellowish, viscousliquid.
Solubility
Practically insoluble in water, miscible with ethanol
(96 per cent) and with fatty oils.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Film between 2 platesof sodium chloride R.
Comparison tniJ/ycerol diisostearau CRS.
B. Compositionof fatty acids (see Tests).

TESTS
Appearance of solution
The solutionis not more intenselycoloured man reference
solution BY) (2.2.2, Metfwd l).

Mix 10 mL with 10 rnL of ethanol (96 percen!! R.

Acid value (2:5.1)
Maximum 3.0~ determined on 1.0 g.

Hydroxyl value (2.5.3, MethodA)
180 to 230, detennined on 0.25 g.

Iodine value (2.5.4, MethodB)
Maximum 5.0.

PeroxIde value (2.5.5, Method S)
Maximum 6.0.

Saponification value (2.5.6)
128 to 160.

Composition offatty acids (2.4.22, Method B)
Use the mixture of calibrating substances in Table 2.4.22.-1.
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Composition of thefatty-acidfraction of the subslance:
- sum of thecontents of thefatty acids eluting betu'em palm;u',

acidand stearic acid: minimum 60.0 per cent;
- sumof the contents of myristic acid, palmitic add and stearic

acid: maximum 11.0 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 2.00 g.

Sulfated ash
Maximum 0.5 per cent) determined on 1.0 g.
Heat a silica crucible to redness for 30 min) allow to cool in
a desiccator and weigh. Evenly distribute 1.00 g of the
substance to be examinedin the crucibleand weigh. Dry at
100-105 °C for 1 h and ignite in a mufflefurnace at
600 "C ± 25 "C until the substance is thoroughly charred.
Carry out the test for sulfatedash (2.4.14) on the residue

. ..«.

80 volumes of methylene chloride R and dilute to 10 mL with
the samemixture of solvents.
Reference solution Dissolve 25 mg of tn·hexyphenidyl
hydrochloride CRS in a mixture of 20 volumes of methanol R
and 80 volwnes of methylene chloride R and dilute to J0 mL
with me same mixture of solvents.
Place TLC silica gel G place R.
Mobile phase diethylamine R, hexane R (5:95 VIV).

Application 5~.

Development Over 2/3 of the plate.

Drying In air.
Detection Spray with a 0.1 f!!L solution of chloroplalinic
acidR in hydrochloric acidR containing 0.4 per cent VIV of
hydriodi< acidR.

examined...".

____________________ PI>E<r

with the test so unon IS sun ar m positron, co our an size to
the principal spot in the chromatogram obtained with the
reference solution.
C. Dissolve 0.5 gin 5 mL of warm methanol R and makejust
alkaline to redlitmus paper R with sodium hydroxide solution R.
A precipitate is formed which, after recrystallisation from
methanol R, melts (2.2.14) at about 1I3'C to 115 "C.

D. It gives reaction (a) of chlorides (2.3.1).

TESTS
pH (2.2.3)
5.2 to 6.2.

Dissolve 0.5 g with hearing in 25 mL of carbon dioxide-free
water R. Cool to room temperature and dilute to 50 mL with
carbon dioxide-free water R.

Optical rotation (2.2.7)
-0.10' to + 0.10".

Dissolve 1.25 g in a mixture of 20 volumesof methanol R
and 80 volumes of methylene chloride R and dilute to 25.0 mL
with the same mixture of solvents.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 20.0 mg of the substance to be
examined in the mobile phaseand dilute to 10.0 mL with
me mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase. Dilute 10.0 mL 10

50.0 mL with the mobile phase.
Reference solution (b) Dissolve 10.0 mg of trihexyphenidyl
impurity A CRS in the mobile phase and dilute to 10.0 mL
with the mobile phase.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 100.0 mL with the mobile phase.

Reference solution (d) To I mL of reference solution (b),
add 1 mL of the test solution and dilute to 100 mL withthe
mobile phase. .

Column:
- size: 1= 0.15 m, 0 = 4.6 nun,
- stationary phase: oetadecylsilyl sili<a gelfor chromaUJgraphy R

(5 pm).

Mobile phase Mix 200 mL of water R with 0.2 mL of
triethylamine R. Adjust to pH 4.0 with phosphoric acidR and
add 800 mL of acetonitrile R.
Flow rate 1.0 mUmin.
Detection Spectrophotometer at 210 nm.
Injection 20~.

Run time 3 times the retention time of trihexyphenidyl.

52-49-3

Her andenanliorner

337.9

Action and use
Anticholinergic.

Preparation
Trihexyphenidyl Tablets

CwH"CINO

Pl>E<I _

DEFINITION
( IRS) -I-Cyclohexyl-I-phenyl-3-(piperidin-l-yl)propan-l-ol
hydrochloride.

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, crystaUine powder.

Solubility
Slightly soluble in water, sparingly soluble in ethanol
(96 per cent) and in methylenechloride.

mp
About 250 °C, with decomposition.

IDENTIFICATION
Firstidentification A, D.
Second identification B, C, D.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison trihexyphenidyl hydrochloride CRS.

B. Thin-layer chromatography (2.2.27).

Test sdution Dissolve 25 mg of the substance to be
examined in a mixture of 20 volumes of methanol R and

(ph. Eur. monograph 1626)

Trihexyphenidyl Hydrochloride

STORAGE
In an airtight container, protected from light.
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2022 Trimebutine Maleate 11-1233

System suitabl1ityReference solution (d):
- resolution: minimum 4.0 between the peaksdue to

trihexyphenidyl and to impurity A.
Limits:
- impurity A: not more than the area of the principal peak

in the chromatogram obtainedwith reference solution (c)
(0.5 per cent);

- unspecified impurities: for each impurity, not more thanthe
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 0.5 per cent,
- disregard limit: 0.2 times the area of the principal peak in

the chromatogram obtainedwith reference solution (a)
(0.02 per cent).

Loss on drying (2.2.32)
.Maximum 0.5 per cent, determined on 1.000 g bydrying in

Solubility
Slightly solublein water, soluble in acetonitrile, sparingly
soluble in acetone, slightly soluble in ethanol (96 per cent).

mp
About 133 "C.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison: trimebutine maleate GRS.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MelhodIf).

Dissolve 0.5 g in acetone R, sonicateand dilute to 100 mL
with the same solvent.

Related substances

A. l-pheuyl-3-(piperidin-I-yl)propan-I-one.
_______~ PhEIl

Time Mobile phase A Mobile phase B
(mln) (per cent VIJI) (per cent VIJI)

0-3 78 22

3-6.5 78 ..... 65 22 -+ 35

6.5 - 15 65 -+ 60 35 ..... 40

15 - 35 60 40

qw c oma ograp y

Solwnt mixture Dissolve 0.24 g of anhydrous sodium
dihydrogen phosphate R in 180 mL of waterR and adjust to
pH 2.5 with dUute phosphoric acid R; dilute to 200 mL with
waterR. Add 50 mL of acetonitrile R and mix.

Testsolution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 5 mg of methyl
3,4,5-trimethoxybenzoate R (impurity C) in 10 mL of the
solvent mixture. Dilute I mL of the solution to 20 mL with
the solventmixture.

Reference solutUm (c) Dissolve the contents of a vial of
tnmebutme for system suitability CRS (containing impurities D
and E) in 1 mL of reference solution (b).

Column:
- size: f =0.25 m, 0 =4.6 mm;
- stationary phase: polarend-capped octa<1e<ylsilyl silica gelfor

chramatography R (5 JUIl);
- temperature: 25 QC.
Mobile phase:
- mobUe phaseA: dissolve 3.6 g of anhydrous sodium

dihydrogen plwsphate R in 990 mL of waterfor
chromatography R and adjust to pH 3.0 with phosphoric
acidR; dilute to 1000 mL with waterfor chromatography R;

- mobile phaseB: acetonitrile RJ;

F/qw rate 1.5 mUmin.
Detection Spectrophotometer at 215 nm.
Infection 20 J1l. of the test solution and reference
solutions (a) and (c).

Itkntification of impurities Use the chromatogram supplied
with trimebutine for system suitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peaksdue to impurities C, D and E.
Relau've retention Withreference to trimebutine (retention
time =about 12 min): maleic acid =about 0.17;

34140-59-5503.5

(Ph. Eur. monograph 2182)

C2JIJ,NO,

Ph"' ---' _

o

~O

Action and use
Treatment of irritable bowel syndrome.

Trimebutine Maleate

Sulfated ash (2.4.14)
Maximum 0.1 per cent, derennined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of ethanol (96 per eenO R and add
5.0 mL of 0.01 M hydrochloric acid. Carry out a
potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion.
1 mLofO.l M sodium hydroxide is equivalent to 33.79 mg of
C2oH32CINO.

IMPURITlliS

DEFINITION
(2RS)-2-(Dimethylamino)-2-phenylbutyl
3,4,5-trimethoxybenzoate (Z)-butenedio3te.

Content
99.0 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.
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impurity E = about O.9j impurity D =about 1.3;
impurity C =about 104.

System suitabIlity Reference solution (e):
- resolution: minimum 1.5 between the peaks due to

impurities D and C;
- peak-toJValley ratio: minimum 10, where Hp = height

above the baselineof the peakdue to impurity E and
H; =height above the baseline of the lowest pointof the
curve separating this peak from the peak due to
trimebutine.

Limits:
- impurity E: not more than 6 times the area of the principal

peak in the chromatogram obtained with reference
solution (a) (0.6 per cent);

- unspecified impurities: for each impurity, not more man the
area of the rinei at eak in the chromatogram obtained

C. methyl 3,4,5-ttimethoxybenzoate,

H3C....
N

....CH)

H,codo~
H3COAyJ

OCH,

andenanUomer

PhE" _

____________________ PhE"

13171-25-0339.3

OCH,

rN~OCH" 2HCI

HN-J U OCH,

3,4,5-trimethoxybenzoate,

Action and use
Vasodilator.

(Trimeuisidine Dihydrochloride, Ph. Bur. monograph
1741)

H'COV

O

X H

,I 0 .. CH,
andenantiomer

H,CO "'" 0' CH,

OCH3 ~

Trimetazidine Hydrochloride

E. (2RS)-2-(methylamino)-2-phenylbutyl
3,4,5-trimethoxybenzoate.

wldrrefererrce solution (aj (6.16 per-cen ,
- total: not more than 10 times the area of theprincipal

peak in the chromatogram obtained with reference
solution (a) (1.0 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent); disregard any peakdue to maleicaeid.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at J05 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of anhydrous acelic acid R. Titrate
with 0.1 M perchloiic acid, detennining the end-point
potentiometrically (2.2.211).
1 mL of 0.1 M perchronc acid is equivalent to 50.35 mg of
C2oH,,NOs-

IMPURlTIES
Specified impurities E.
Otherdetectable impurities (thefoll1Jwing substances would, if
present at a sufficient level) be detected by oneor other of the tests
in the monograph. They are limited by thegeneral acceptance
criterion for otherlunspecified impurities and/or by thegeneral
monograph Substances for pharmaceulical use (2034). 11 is
therefore not n«essary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) A, BJ CJ D.

andenanliomer

A. (2RS)-2-(dimethylamino)-2-phenylbutanol,

B. 3A,5-trimethoxybenzoic acid,

DEFINITION
1-(2,3,4-Trimethoxybell2)'l)piper32ine dihydrochloride.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder, slightly
hygroscopic.

Solubility
Freelysoluble in water, sparingly soluble in alcohol.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum 0/trimetazidine
dihydrochroride.
B. Dissolve 25 mg in 5 mL of waterR. 2 mL of the solution
gives reaction (a) of chlorides (2.3.1).

www.webofpharma.com
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TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution BY6 (2.2.2, kIelhod II).

Dissolve 1.0 g in waterR and dilute to 10 mL with the same
solvent.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.200 g of the substance to be
examined in waterR and dilute to 50.0 mL with the same
solvent.

Reference solution (a) Dissolve 20.0 mg of trimetazidinefor
syuem suitability CRS in waterR and dilute to 5.0 mL with
the same solvent.

Reference solution (b) Dilute 2.0 mL of the test solution to

Trimetazidine Hydrochloride II-1235

- any other impun'ty: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.1 per cent);

- total: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.2 per cent);

- disregard limit: area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.05 pet cent).

Impurity G
Thin-layer chsomatography (2.2.27).

Testsolution Dissolve 0.10 g of the substance to be
examined in methanol R and dilute to 10 mL with the same
solvent.

Reference solution Dissolve 22.6 mg of piperazine hydrate R in
methanol R and dilute to 100 mL with the same solvent.

100.0 mL with warer R.
Reference solution (c) Dilute 25.0 mL of reference
solution (b) to 50.0 mL with waterR.
Column:
- size: 1= 0.15 m, 0 =4.6 mm,
- stationary phase: spherical octadecy/silyl silica gelfor

chromatography R (5 ~m) with a pore size of 10 om,
- temperature: 30 "C.
Mobile phase:
- mobile phase A: mix 357 volumes of methanol Rand

643 volumes of a 2.81 gIL solution of sodium
heptanesulfonate R adjusted to pH 3.0 with dilute phospho,",
acidR}

- mobile phase B: methanol R,

Flow rate 1.2 mUmin.

Detection Spectrophotometer at 240 om.

Equilibration For at least 1 h with the mobile phase at the
initial composition.
Injection 10 ~L.

Relativeretention With reference to trimetazidine (retention
time = about 25 min): impurity D = about 0.2;
impurity C =about 0.4; impurity H =about 0.6;
impurities A and I = about 0.9; impurity E == about 0.95;
impurity F =about 1.4; impurity B =about 1.8.

System suitability:
- peak-UJ-valky ratio: minimum 3) where Hp = height above

the baseline of the peak due to impurity E and
H{1 = height above the baselineof the lowestpoint of the
curve separating this peak from the principal peak in the
chromatogram obtained with reference solution (a);

- signal-to-mise ratio: minimum 10 for me principal peak in
the chromatogram obtained with reference solution (c).

Limits:
- correction factors: for the calculation of contents, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B = 0.55;
impurity C = 0.31; impurity F = 0.11;

- impurities A, B, CJ D, E, F, H, I: for each impurity, not
more than the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.1 per cent);

Time
(min)

0-50

50 - 52

MobUe phase A
(per cent VIl1

95 75

75 95

MobUe phase B
(per cent VIP.)

5 25

25 5

Dilute 16 mL of dIe solution to 100 mL Wll11 methaw
Plate TLC silica gelplate R.

MoMe phase concentrated ammonia R, alcohol R (20:80 VIP).
Appheaticn 10 ~L.

Development Over 2/3 of the plate.

Drying At 100-105 'C for 30 min.

Detection Spray with iodoplatinate reagent R"
Limit:
- impun"ty G: any spot due to impurity G is not more

intense than the spot in the chromatogram obtained with
the reference solution (0.1 per cent, expressed as
anhydrous piperazine).

Loss on drying (2.2.32)
Maximum 2.5 per cent, determined on 1.000 g by drying in
vacuo at 105°C at a pressure not exceeding 15 kPa.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY

Dissolve 0.120 g in 50.0 mL of waterR. Add 1 mL of nitric
add R and titrate with 0.1 M silver nitrate, determining me
end-point potentiometrically (2.2.21J).

1 mL of 0.1 M sUver nitrate is equivalent to 16.96 mg
of C14Hz4C12N203'

STORAGE
In an airtight container.

IMPURITffiS
Specified impurities A, B, CJ D, E, FJ 0, H, I.

rN\XOCH,
HN~ "- I

OCH,

OCH,

A. 1-(3,4,5-trimethbxybenzyl)pipecazine,

OCH,

H,C0'('J rN~OCH'
H3CO~N~ V OCH3

OCH,

B. 1,4-bis(2,3,4-trimelh.oxybenzyl)piperazine,

OCH,

OHC~OCH'

V OCH3

C. 2,3,4-trimethoxybenzaldehyde,
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11-1236 Trimethadione 2022

D. (2,3,4-trimethoxyphenyl)methanol,

E. 1-(2,4,5-trimethoxybenzyl)piperazine,

DCH,

CHARACTERS
Appearance
Colourless or almost colourless crystals.

Solubllity
Soluble in water, verysoluble in ethanol (96 per cent).

IDENTIFICATION
First identification: B.
Second identification: A, C, D.
A. Melting point (2.2.14): 45 °C to 47 °C, determined
without previousdrying.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs prepared using 3 mg of substance per
0.4 g of potassium bromide R.
Comparison trimethadione CRS.

PhE" _

hydroxide solution R. A whiteprecipitate is formed, which
dissolves on addition of I mL of dilute hydrochlori< acidR.
D. Dissolve 0.3 g in a mixture of 5 rnL of alcoholic potassium
hydroxide solution Rand 5 rnL of ethanol (96 pereenv R.
Allow to stand for 10 min. Add 0.05 rnL of phenolphthalein
solution Rl and neutralise exactly with hydrochloric acidR.
Evaporate to dryness on a water-bath and take up the residue
with 4 quantities, each of 5 mL, of ether R. Filter the
combined ether layers and evaporate to dryness. The residue,
recrystallised from 5 mL of toluene R and dried, melts
(2.2.14) at about 80 °C.

TESTS
Solution S
Dissolve 2.0 g in carbon dioxide-free waterR and dilute to
40 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or a1kallnlty
To 10 rnL of solution S add 0.1 rnL of methylred solution R.
Not more than 0.1 rnL of 0.01 M hydrochlori< acidor 0.01 M
sodium hydroxide is required to change the colour of the
indicator.
Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.00 g by drying in a
desiccator over anhydrous silica gel R for 6 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Gas chromatography (2.2.28).

Internal standard solution Dissolve 0.125 g of d«anol R in
anhydrous ethanol R and dilute to 25 mL with the same
solvent.
Test solurwn Dissolve 0.100 g of the substance to be
examined in the internal standard. solution anddilute to
10.0 mLwith the same solution.
Reference solution Dissolve 0.100 g of trimethadione eRS in
the internal standard solution and dilute to 10.0 mLwith the
same solution.
Column:
- material: stainless steel,
- size: 1= 0.75 m, 0 = 3 mm,
_ stationary phase: sryrene-di'l)inylbenzene copolymer R

(125-150 urn).
Carriergas m'trogen for chromatography R.

Flow rate 20 mUmin.

127-48-0143.1

Action and use
Antiepileptic.

(ph. Hur. monograph 0440)

DCH,

-< UOCH
,I N I

H,C,-/O',,/N~ "'-
II OCH3

o

DEFINITION
3,5,5-Trimethyloxazolidine-2,4-dione.

Content
98.0 per cent to 102.0 per cent (driedsubstance).

Trimethadione

G. piperazine,

H. ethyl 4_(2,3,4-trimethoxybenzyl)piperazine-l-carboxylate,

I. l_methyl_4_(2,3,4_trimethoxybenzyl)piperazine (N­
methyltrimetazidine),

____________________ PhE"

F. 1-(2,4,6-trimethoxybenzyl)piperazine,
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Temperature:
- column: 210 °C,
- injection port: 240°C,
- detector: 270 "C.

Detection Flame ionisation.
Injection I ~L.

Calculate the content of C6H9N03 from the declared
content of trimethadione CRS.

STORAGE
Protected from light.

Trimethoprim 11-1237

Preparation Discs.
Comparison trimethoptim CRS.
D. Dissolve about 25 mg, heating if necessary, in 5 mL of
0.005 M sulfuric acid and add 2 mL of a 16 gIL solution of
potassium permanganate R in 0.1 M sodium hydroxide. Heat to
boiling and add to the hot solution 0.4 mL offonnaldehyde R.
Mix, add I mL of 0.5 M sulfuric acid) mix and heatagain to
boiling. Cool and filter. To the filtrate, add 2 mL of
methylene chloride R and shake vigorously. The organic layer,
examined in ultraviolet light at 365 run) showsgreen
fluorescence.

~ PhBl

PhE" __~ ~ _

DEFINITION
5-(3,4,5-Trimethoxybenzyl)pyrinlldine-2,4-diamine.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or yellowish-white powder.
Solubility
Very slightly soluble in water, slightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: C.

Second identification: A) B) D.

A. MeIring point (2.2.14): 199"C to 203 "C.

B. Dissolve about 20 mg in 0.1 M sodium hydroxide and
dilute to 100.0 mL with the same solvent. Dilute 1.0 mL of
this solution to 10.0 mL with 0.1 M sodiumhydroxide.
Examined between 230 nm and 350 nm (2.2.25), the
solution showsan absorption maximum at 287 run.
The specific absorbance at the absorption maximum is
240 to 250.

C. Infrared absorption spectrophotometry (2.2.24).

Trimethoprim
(Ph. Bur. monograph 0060)

290.3

Action and use
Dihydrofolate reductase inhibitor; antibacterial.
Preparations
Co-trimoxazole Infusion
Co-trimoxazole Oral Suspension
Paediatric Co-trimoxazole Oral Suspension
Co-trimoxazole Tablets
Co-trimoxazole Dispersible Tablets
Paediatric Co-trimoxazole Tablets
Trimethoprim Oral Suspension
Trimethoprim Tablets

**** ** *
*

738-70-5

TESTS
Appearance of solution
The solutionis not more intensely coloured than reference
solution BY7 (2.2.2, Method II).

4.5 volumes of methanol Rand 5 volumes of methylene
chloride R.

Related substances
A. Liquid chromatography (2.2.29).

Testsolution Dissolve 25.0 mg of the substance to he
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.
Reference solution (aJ Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase.

Reference solutkm (b) Dissolve the contents of a vial of
trimethoprim for system suirability GRS (containing impurity E)
in I mL of the mobile phase.

Column:
- size: I =0.250 m, 0 =4.0 mm;
- stationaryphase: base-deacrivaled ocradecytsayl silica gel

for chromatography R (5 pm).

Mobile phase Mix 30 volumes of methanolRand 70 volumes
of a 1.4 fIL solution of sodium perchlorate R adjusted to
pH 3.6 with phosphoric acid R.
Flow rare 1.3 mIJmin.

Detection Spectrophotometer at 280 nm.

Injection 20 ~ loop injector.

Run time 11 times the retention timeof trimethoprim.
Relativeretention With reference to trimethoprim (retention
time =: about 5 min): impurity C =: about 0.8;
impurityE = about 0.9,; impurity A = about 1.5,;
impurityD = about 2.0; impurityG = about 2.1;
impurity B = about 2.3; impurity J = about 2.7;
impurity F = about 4.0.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity E and trimethoprim.

Limits:
- correction faaors: for the calculation of content,

multiply the peak areas of the following impurities by
the correspondingcorrectionfactor:
impurity B =0.43; impurity E =0.53;
impurity J = 0.66;

- any impurity: not more than 0.2 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (O.J per cent);

- total: not morethan 0.4 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (0.2 per cent);

- disregard lIinit. 0.04 times the area of the principal
peak in the chromatogram obtained withreference
solution (a) (0.02 per cent); disregard any peak
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11-1238 Trimethoprim

corresponding to impurity H (relative
rerentlon > about 10.3).

B. Liquid chromatography (2.2.29).

Test sdiuion Dissolve 25.0 mg of the substance to be
examinedin the mobile phase and dilute to 25.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase.

Reference solution (b) Dissolve 5.0 mg of uimethoptim CRS
and 5.0 mg of trimethoprim impuM°'Y B CRS in the mobile
phase and dilute to 100.0 mL withthe mobile phase.

Column:
- size: I ::: 0.25 TIl, (2) ::: 4.6 rom;
- stationary phase: nitrile silka gelfor chnnnatography R

(5 11m) with a specificsurface area of 350 m2/g and a

iWobiIe phase Dissolve 1.14 g of sodium hexonesulfonase R in
600 mL of a 13.6 gIL solution of potassium dihydrogen
phosphate R; adjust to pH 301 with phosphoric acidR and mix
with 400 mL of methanol R.

Flowrate 0.8 mUmin.
Detection Spectrophotometer at 280 run.
Injection 20 J,1L loop injector.
Run time 6 times the rerention time of trimethoprim.
Relative retention With reference to trirnerhoprim (retention
time ::: about 4 min): impurity H ::: about 1.8;
impurity 1 = about 4.9.

System suitability Reference solution (b):
_ resolution: minimumz.n between the peaksdue to

trimethoprim and impurity B.

Limits:
- correction factors: for the calculation of content,

multiply the peak areas of the following impurities by
the corresponding correction factor:
impurity H =0.50; impurity 1 =0.28;

_ any impurity; not more than0.2 times the area of the
principal peakin the chromatogram obtained with
reference solution (a) (0.1 per cent);

- total: not more than 0.4 times the area of the principal
peak in the chromatogram obtainedwith reference
solution (a) (0.2 per cent);

_ disregard limit: 0.04 times the area of the principal
peakin the chromatogram obtainedwith reference
solution (a) (0.02 per cent); disregard any peakdue to
impurity B (relative retention = about 1.3).

ImpurityK
Gas chromatography (2.2.28).

Testsohuion Dissolve 0.500 g of the substance to be
examined in 35.0 mL of citrate buffer solution pH 5.0 R, add
10.0 mL of I,J-dimethylethyl methylether R, shake thoroughly
and cennifuge for 10 min. Use the upperlayer.
Reference solalion Dilute 5.0 mL of hydrochloric acid R to
50.0 mL with water R, add 12.5 mg of aniline R and shake
thoroughly. Add 10.0 ~L of this solution and 10.0 mL of
J,J-dimethylethyl methylether R to 35.0 mL of citrate buffer
sdution pH 5.0 R, shake thoroughly and centrifuge for
10 min. Use the upperlayer.
Column:
- material: fused silica;
- size: 1= 30 m, 0 = 0.53 mrn;
_ stationary phase: methylpolysiloxane R (film thickness 3 urn).

Cornergas helium for chnnnarography R.

2022

Flow rate 12 mUmin.

Temperature:
- column: 80°C;
- injection port: 230°C;
- detector. 270 "C.
Detection Nitrogen-phosphorus detector.

Injection 3 ~L.

Run time 15 min.
System suitability Reference solution:
_ repeatability: maximum relative standard deviation of

5.0 per cent after 6 injections.

Limit,
_ impurity K: not morethan the area of the corresponding

peak in thechromatogram obtained with the reference
solution (5 ppm).

oss on
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perchlorie acid, determining the end-point
potentiometrically (2.2.20).

1 mL of 0.1 M perchloric acidis equivalent to 29.03 mg of

C,.,HlaN.O,.

IMPURITIES
Test A for related substances
A, B, C, D, E) F, G, H, J.
Test B for related substances
B, H, I.

Test for impurity K
K.

A. N 2_methyl_5_(3,4,5_trimethoxybenzyl)pyrimidine-2,4­

diamine,

B. (2,4-diantinopyrintidin-5-yl)(3,4,5­
trimethoxyphenyl)methanone,

C. (RS)_(2,4_diaminopyrintidin_5_yl)(3,4,5_trimethoxyphenyl)

methanol,
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Action and use
Monoamine reuptake inhibitor; tricyclic antidepressant
Preparation

**** ** ** *'.*

521-78-8

CO,H

andenantiomer • (

Co,H

410.5

Trimipramine Maleate
(ph. Bur. monograph 0534)

D.2-amino-5-(3,4,5-ttimethoxybenzyl)pyrimidin-4-ol,

E. 4-amino-5-(3,4,5-ttimethoxybenzyl)pyrimidin-2-ol,

F. 5-(3-bromo-4,5-dimethoxybenzyl)pyrimidine-2,4-diamine,

G.5-(4-ethoxy-3,5-dimethoxybenzyl)pyrimidine-2,4-diamine,

a

H,co~DCH'

YOCH3

DCH,

H. methyl3,4,5-trimethoxybenzoate,

I. 3-(phenylamino)-2-(3,4,5-ttimethoxyhenzyl)prop-2­
enenitrile,

J. 3,4,5~trimethoxybenzoic acid,

r"r'NH2o
K. aniline.

------- PIlE"

PIlE" _

DEFINITION
(2RSj-3-( 10,11-Dihydro-5H-dibenzo[bJ]azepin-5-yl)-N,N,2­
ttimethylpropan-I-amine hydrogen (2Z}-bur-2-enedioate.

Content
98.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almostwhite, crystalline powder.

Solubility
Slightly soluble in water and in ethanol (96 per cent).

IDENTIFICATION
A. Melting point (2.2.14): 140 "C to 144 "C.

B. Infrared absorption spectrophotometry (2.2.24).
Comparison ttimipramine maleate CRS.

TESTS
Related substances
Liquid chromatography (2.2.29). Carry out the test protected
/rom light.

Buffer solution pH 7.7 2.64 gIL solution of ammonium
phosphate R in waterfor chromarography R; adjust to pH 7.7
with phosphori< acid R.

Test solution Dissolve 50 mg of the substance to be
examined in the mobilephase and dilute to 100 mL with the
mobilephase.

Reference solution (aJ Dissolve 5 mg of the substance to be
examined and 5 mg of iminodibenzy/ R (impurity F) in the
mobilephase and dilute to 10 mLwith the mobile phase.
Reference sdution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (c) Dissolve the contents of a vial of
trimipramine for peak identification CRS (containing impurities
A, B, C, D and E) in 1 mL of acetonitrile R1.

Column:
- size: / = 0.125 m, 0 = 4.0 mm;
- stationary phase: end-capped ocladecylsilyl silica gelfor

chromarography R (5 um),

IWobr1e phase acetomtrle Rl, buffer solutionpH 7.7
(38:62 VIV).

Flaw rat< 1.5 mUmin.
Detection Spectrophotometer at 210 nrn.
Injection 20 ~L.

Run time 3 times the retention time of trimipramine.
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II-1240 Trimipramine Maleate

Identification of impurities Use the chromatogram supplied
with trimipramine for peak identification CRS and the
chromatogram obtainedwith reference solution (c) to identify
the peaksdue to impurities A, B, C, D and E; doubling of
the peak due to impurity E may be observed.
Relative retention With reference to uimipramine (retention
time = about 27 min): impurity A= about 0.1;
impurity B = about 0.3; impurity C = about 0.4;
impurity D = about 0.5; impurity F = about 1.4;
impurity E = about 1.5.

System suitability:
_ resolution: minimwn 3.5 between the peaks due to

trimipramine and impurity F in the chromatogram
obtainedwith reference solution (a);

_ the chromatogram obtained with reference solution (c) is
. . . i mine or

peak identification CRS.

Limits:
_ correction factor. for the calculation of content,multiply the

peak area of impurity F by 0.5;
_ impurilyE: not more than 3 times the area of the principal

peak in the chromatogram obtainedwith reference
solution (b) (0.3 per cent);

_ impurity F: not more than2 times the area of the principal
peak in thechromatogram obtained with reference
solution (b) (0.2 per cent);

_ impun"lies A, B} C, D: for each impurity, not more man
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

_ unspecified impurities: for each impurity, not more thanthe
area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

_ total: not more than 10 times the area of the principal
peak in the chromatogram obtained with reference
solution (b) (1.0 per cent);

_ disregard limit. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 QC.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 50 mL of anhydrous acetic acidR. Titrate
with 0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.20).
I mL of 0.1 M perchloric acid is equivalent to 41.05 mg of
Cz,f!soNzO•.

STORAGE
Protected from light.

LW'URITIES
Specified impurities A, B, C, D, E, F.
Otherdeuaable impurities (em following subscances would, if
present at a sufficient level, bedetecud by oneor other of the tests
in the monograph. They are Iimiudby thegeneral ac<epcance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceuticaJ use) G.

2022

~
'" CH
-d'~"N '. N-CH3

• I
ee-, r CH, 0 and enan1Jomer

A. (2RS)_3_(10,II_dihydro-5H_dibenzo[bJjazepin-5-yl)-N,
N,2-trimethylpropan-l-amine N-oxide,

Ir.(2RS)~:>-(!O;U~ydr<F5H=dibenzo[b-Jlazep~YIrN,2­

dimethylpropan-l-amine,

~
~ ",.CH:3

N , NX I andenanliomer
, 3CH3

~

C. (2RS)-3-(5H-dibenzo[b,l]azepin-5-yl)-N,N,2­
trimethylpropan-l-amine,

D. imipramine,

Q)-d' ~~ ,CH,N N N
I I

~ CH, CH, CIi, CIi,

E. mixture of the sterecisomersof N-[3-(1O,1l-dibydro-5H­
dibenzo[bJj azepin-5-yl)-2-methylpropylj-N,N',N',2­
tetramethylpropane-l,3-diamine,

F. 10,II-dihydro-5H-dibenzo[bJjazepine,

G.2_methyl_IO,ll-dihydro-5H-dibenzo[bJjazepine.
___________________ ""EII

www.webofpharma.com



2022

Triprolidine Hydrochloride

1lO
H

I "'" ",N I
Me # ""

,Hel

Trometamol 11-1241

ASSAY
Carryout Method I for nOli-aqueous titration,
Appendix vm A, using0.25 g dissolved in a mixture of
50 mL of anhydrous acetic acidand 0.5 mL of acetic anhydride
and crystal violetso/mien as indicator. Each mL of O.lM
perch/one acidVS is equivalent to 15.74 mg of Cl9H22N2J
HC!.

C19H"N"HCI,H,O 332.9

Action and use
Histamine H I receptor antagonist; antihistamine.

Preparation
Triprolidine Tablets

6138-79-0
Trometamol
(Ph. Bur. monograph 1053)

OH
NH,

HO OH

Action and use
Organic amineprotonacceptor; alkalinizing agent.

Triprolidine Hydrochloride is (E)-2-(3-pyrrolidin-I-yl-l-j>­
rolylpropl-enyl)pyridine hydrochloride monohydrare.
It contains not less than 98.5% and not more than 101.0%
of CI9H22N2JHCI, calculated with reference co the anhydrous
substance.

C,HIINO, 121.1 77-86-1

CHARACTERISTICS
A white, crystalline powder.
Freely soluble in water, freely soluble in ethanol(96%) and
practically insoluble in ether.

IDENTIFICATION
A. The infrared absorption spectrum, Appendix Il A, is
concordant with the reference spearum of uiprolidine
hydrochloride (RS 356).

B. Yields reaction A characteristic of chlorides, Appendix VI.

TESTS
Related substances
Carry out me method for thin-layer chromatography,
Appendix ill A, using the following solutions in methatWl.
(1) 1.0% w/vof the substance beingexamined.
(2) 0.020% wlv of Z-triprolidine hydrochloride BPCRS.
(3) 0.010% wlv of the substance being examined.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coaring silica gel F'54 (Merck silica gel 60 F254

platesaresuitable).
(b) Use the mobile phase as described below.

(c) Apply 5 ~L of each solution.

(d) Develop the plare to 15 ern.

(e) After removal of the plate,dry in air,examine under
ultravWkt light (254 nm).

MOBILE PHASE

Equalvolumes of butan-2-one and dimethylformamide.

LIMITS

In the chromatogram obtained with solution (I):

any spot corresponding [0 Z-:triprolidine is not more intense
than the spot in the chromatogram obtained withsolution
(2);

and anyothersecondary spot is not more intense than me spot
in the chromatogram obtained with solution (3).

Sulfated ash
Not more than 0.1%, Appendix IX A.
Water
4.5 to 6.0% wlw, Appendix IX C. Use 0.4 g.

Ph,,, __~_~ _
DEFINITION
Trometamol contains not less than 99.0 percent andnot
more than the equivalent of 100.5 percent of
aminomerhylidynetritmethanof), calculated withreference to
the dried substance.

CHARACTERS
A white or almostwhite, crystalline powder, or colourless
crystals, freely solublein water, sparingly soluble in alcohol,
very slightly soluble in ethyl acetare.

IDENTIFICATION
Fi", identification: B, C.

Second identification: A, B, D.
A. Solution S (see Tests) is strongly alkaline (2,2.4).

B. Meiring poinr (2.2.14): 168 'C to 174 'C.

C. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the specrrum obtained with
rrometamol CRS.
D. Examine the chromatograms obtained in the test for
related substances. The principal spot in the chromatogram
obtained with test solution (b) is similar in position, colour
and size to the principal spot in the chromatogram obtained
with reference solution (a).

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50 mL with the samesolvent.
Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.3)
The pH offresWy prepared solurion S is 10.0 to 11.5.

Related substances
Examine by thin-layer chromatography (2.2.27), using silica
ge!GRas the coaring substance. Wash the plare with
methanol R before applying the solutions.
Test solution (a) Dissolve 0.20 g in I mL of water R, with
heating, and dilute to 10 mLwith methanol R.
Test solution (b) Dilure I mL of test solution (a) to 10 mL
with methanol R.
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A. nitromethylidynetri(methanol).
____________________ PIIEII

, .) , .
A. Meiring point (2.2.14): 95 °C '0 98 °C.

B. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Testsolution Dissolve 20.0 mg in 0.1 M hydrochklric acidand
dilute to 50.0 mL with the same acid. Dilute 2.0 mL of this
solution to 20.0 mL with 0.1 M hydrochloric acid.
Spectral range 230-350 mo.
Absorption maximum At 254 mo.
Speafic absorbance at the absorption maximum 170 to 190.

C. Infrared absorption spectrophotometry (2.2.24).

Comparison wopicamide CRS.
D. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 10 mg of the substance to be
exanrined in me/hyle... chloride R and dilute '0 10 mL with
the same solvent.
Reference solution Dissolve 10 mg of rropkami'de CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.
Plate TLC sililXl gelPm plateR.
lvlobile phase concentrated ammonia RJ methanol R, methylene
chloride R (0.5:5:95 VIV/V).

ApplilXltion 10 ~L.

Development Over 2/3 of the plate.

Drying In air.
Detection Examine in ultraviolet lightat 254 nm.

Resulu The principal spot in the chromatogram obtained
with the test solution is similar in position and size to the
spot in the chromatogram obtained with the reference
solution.
E. Dissolve about 5 mg in 3 mL of a mixture of 9 mL of
acetic anhydride R, 1 mLof acetic acidRand 0.1 g of cimc
acidmonohydrate R. Heat on a water-bath for 5-10 min.
A reddish-yellow.colour is produced.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
Method11).
Dissolve 0.1 g in e<hanol (96 per=() R and dilute '0 10 mL
with the same solvent.

Optical rotation (2.2.7)
-n.I" '0 + 0.1 0

•

Dissolve 2.5 g in anhydrous e<hanol R and dilute to 25.0 mL
with the same solvent.

PhEII -,- _

DEFINITION
(2RSJ-N-Ethyl-3-hydroxy-2-phenyl-N-(pyridin-4-yhnethyl)
propanamide.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almost white, crystalline powder.

Solubility
Slightly soluble in water, freely soluble in ethanol
(96 percent) and in methylene chloride.

IDENTIFICATION
Firstidenufication: C.

1508-75-4

andenanliomer

an<l<luUtetOI5Inl:; with water R;l'he-rolutiom:ompli
with the limit 'est for chlorides (100 ppm).

Iron (2.4.9)
Dissolve 1.0 g in water R and dilute to 10 mL with the same
solvent. The solutioncomplieswith the limit test for iron
(10 ppm).

Loss on drying (2.2.32)
Not more than 0.5 per cent, determined on 1.000 g by
drying in an oven at 105 °C.

Sulfated ash (2.4.14)
Not more than0.1 per cent, determined on 1.0 g.

Bacterial endotoxin. (2.6.14)
Less than0.03 lU/mg, if intended for use in the manufacture
of parenteral preparations Without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Dissolve 0.100 g in 20 mL ofwo'" R. Add 0.2 mL ofmelhyl
red solution R. Titrate with 0.1 M hydrochklric acid until the
colourchanges from yellow to red.
I mL of 0.1 M hydrochloric acid is equivalent to 12.11 mg of
C.HuNO,.

IMPURITIES

OH
<.NO,

HO~OH

Reference solution (aJ Dissolve 20 mg of trometamol CRS in
methanol R and dilute to 10 mL with the same solvent.

Reference solution (b) Dilute I mL of test solution (a) to
100 mL with methanol R.
Apply to the plate 10·J.1L of each solution. Develop overa
pathof 10 em using a mixture of 10 volumes of dilute
ammonia Rl and 90 volumes of 2-propanol R. Dry the plate
at 100°C to 105 "C. Spray with a 5 gIL solution of potassium
pennanganau R in a 10 gIL solutionof sodium carbonate R.
After about 10 min examine in daylight. Any spot in the
chromatogram obtained with test solution (a), apart from the
principal spot, is not more intense than the spot in the
chromatogram obtained with reference solution (b)
(1.0 per cent).

Chlorides (2.4.4)
To 10 mL of solution S add 2.5 mL of dilute n;tn"e acid R

(Ph. Bur. monograph 1159)

Tropicamide

C17H,oJ.'l,O, 284.4

Action and use
Anticholinergic.

Preparation
Tropicamide Eye Drops
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Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50.0 mg of the substance to be
examined in 3 mL of acetonitrile R1 and dilute to 50.0 mL
with waterfor chromatography R.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with waterfor chromatography R. Dilute 1.0 mL of
this solution to 10.0 mL with waterfor chromatography R.
Reference solution (b) Dissolve 5 mg of 4-[(ethylamino)
melhyljpyridine R (impurity A), 5.0 mg of tropicamide
impurity C CRS and 5.0 mg of tropicamide impun'ty D CRS in
2 mL of acetonitrile R1 and dilute to 50.0 mL with waterfor
chromatography R. Dilute 1.0 mL of this solution to 10.0 mL
with waterfor chromatography R.
Reference solution (c) Dissolve 5 mg of tropicamide for peak
identificanon CRS (containing impurity B) in 1.0 mL of
aceronitrile-R-l-and-dilure-to-l-Q; -WI 0'
chromatography R.
Reference solution (d) To Iml., of reference solution (b) add
1 mL of reference solution (c).

Reference solution (e) Dilute 1.5 mL of reference solution (b)
to 10.0 mL with waterfor chromatography R.

Columu:
- size: 1= 0.15 m, 0 = 4.6 mm;
- stationary phase: end-capped ocwd'0'/silylsilica gelfor

chromatography R (3 urn);
- temperature: 40°C.
Mobile phase Dissolve 0.135 g of sodium dod«y/ sulfate R
and 3.4 mL of phosphoric acid R in 950 mL of water for
chromatography R. Adiust to pH 3.0 with strong sodium
hydroxide solution R and dilute to 1000 mL with waterfor
chromatography R. Mix 73 volumes of this solution with
27 volumes of acaonitrile RI.
Flow rate 0.8 mUmin.
Detection Spectrophotometer at 210 run and at 254 run.
Injection 15~.

Run time 3 timesthe retention timeof tropicarnide.
Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peakdue to
impurity B: use the chromatogram obtained with reference
solution(b) to identify the peaks due to impurities A, C
and D.

Relativeretention Withreference to tropicamide (retention
time = about II min): impurity C = about 0.4;
impurity A =ahout 0.5; impurity 0 =about 0.8;
impurity B =about 2.3.

Systemsuitability Reference solution (d):
- resolution at 210 nm: minimum 2.0 between thepeaks due

to impurities C and A;
- resolution at 210 nm: minimum 2.0 between the peaks due

to impurities A and D.
Limits:
- correction facum: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity A = 0.8;
impurity B = 0.6;

- impun"ty B at 254 nm:not more than 3 times the area of
the principal peak in the chromatogram obtained with
reference solution (a) (0"3 per cent);

- impun"cy A at 254 nm:not more than 1.5 times the area of
the principal peakin the chromatogram obtained with
reference solution (a) (0.15 per cent);

Tropicamide II-1243

- impun"ty C at 210 nm: not more than the area of the
corresponding peak in the chromatogram obtained with
reference solution (e) (0.15 per cent);

- impurily D at 210 nm: not more than the area of the
corresponding peak in the chromatogram obtained with
reference solution (e) (0.15 per cent),

- unspecified impurities at 254 nm: foreach. impurity, not
more than the area of theprincipal peakin the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- sumof impurities other than C and D at 254 nm: not more
than 5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard limit at 254 nm: 0.5 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.05 per cent).

Chlorides (2.4.4)
Maximum 100 ppm.

Dissolve 1.0 g with heating in 8 mL of au~ add RJ cool and
dilute to 10 mL with the same acid" Dilute 5 mL of this
solution to 15 mL with water R.
Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 80 DC at a pressure not exceeding 0.7 kPa for 4 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 50 mL of anhydrous auric acidR.
Add 0.2 mL of naphtholbenzein solution R and titrate with
0.1 M perchlori< aciduntil the colour changes from orange to
green.
I mL of 0.1 M perchloric acid is equivalent to 28.44 mg of

C,7H2oN202'

STORAGE
Protected from light.

IMPURITIES
Specified impurities A, B, C, D.

A. N-(pyridin-4-ylmethyl)ethanamine,

B. N-ethyl-2-phenyl-N-(pyridin-4-ylmethyl)propenamide,

n.-.../ (HCD,H and,nanllomer

OH

C. (2RS)-3-hydroxy-2-phenyipropanoic acid (tropic acid),

QCO,H
D. phenylacetic acid.
____________________ PhEll .
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Action and use
Serotonin 5HT3 receptor antagonist; antiemetic.

Tropisetron Hydrochloride
(ph. Eur. monograph 2102)

HNt:°:~~~:~~;]
~ H

"
320.8

• HCI

**** ** •
* ****

105826-92-4

solution add 5 mL of a 400 WL solution of potassium iodide R
and dilute to 100 mL with warer R. Then spray with strong
hj'drogen peroxide solution R.
Results For both detection methods, the principal spot in
the chromatogram obtainedwith the test solutionis similar in
position and size to the principal spot in the chromatogram
obtainedwith the reference solution.
D. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear(2.2.1) and not more intensely coloured
than reference solution B, (2.2.2, Method II).

Dissolve 1.00 g in water R and dilute to 20 mL with the
same solvent.

Impurity A

DEFINITION
Hydrochloride of (IR,3r,5S)-8-methyl-8-azabicyclo[3.2.I]oct­
3-yl IH-indole-3-carboxylate.

Content
99.0 per cent to 101.0 per cent (dried substance),

CHARACTERS
Appearance
Whiteor almost whitepowder.

Solubility
Freelysoluble or soluble in water, sparingly soluble in
ethanol (96 per cent), very slightly soluble in methylene
chloride.

IDENfIFICATION
Fint identification: H, D.
Second identification: A, CJ D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50 mg in methanol R and dilute to
25.0 mL with the same solvent. Dilute 1.0 mL of this
solution to 100.0 mL with methanol R.
Spectral range 220-360 om.

Absorption maxima At 228 om and 282 om.

Absorbance ratio A"alA282 =1.3 to 1.4.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison tropisetron hydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Testsolution Dissolve 5 mg of the substance to be examined
in a mixture of equal volumes of methanol R and methylene
chloride R and dilute to 5 mL with the same mixture of
solvents.
Reference solution Dissolve 5 mg of tropisetron
hydrochloride CRS in a mixture of equal volumes of
methanol R and methylene chloride R and dilute to 5 mL with
the same mixture of solvents.
Plate TLC silica gelPm plateR.
Mobile phase anhydrous lonnie add R, water R; methanol R,
methylene chloride R (2:2:30:70 VIVIVIV).

Application 5 ~L.

Development Over 2/3 of the plate,
Drying In cold air.

Detection A Examine in ultraviolet light at 254 om.

Detection B Spray first with a solutionprepared as follows:
dissolve 0.85 g of bismuth subnitrate R in a mixture of 10 mL
of acetic acidR and 40 mL of water R; to 5 mL of this

- y mategrap

Testsolution Dissolve 00200 g of the substance to be
examinedin a mixture of equal volumesof methanol R and
methylene chlori<k Rand dilute to 5.0 mL with the same
mixtureof solvents.
Reference solution (a) Dissolve 5.0 mg of tropine CRS
(impurity A) in a mixture of equal volumes of methanol R
and methylene chlori<k R and dilute to 25.0 mL with the same
mixture of solvents.
Reference solution (b) Dilute 1.0 mL of the test solution to
20.0 mL with a mixture of equal volumes of methanol Rand
methylene chloride R. To 0.1 mL of this solution add 1.0 mL
of reference solution (a).
Plate TLC si/jca gelPm plate R.
Mobile phase ammonia R, methanol R, methylene ehloride R
(5:40:60 VIVW).

Applicalion 10 flL.
Development Over 2/3 of the plate.

Drying In a current of cold air.

Detection Dip the plate in potassium iodobismuthate
solution RI.
System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.
Limit:
- impun°ty A: any spot due to impurity A is not more

intense than the spot in the chromatogram obtainedwith
reference solution (a) (0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 0.100 g of the substance to be
examined in mobile phase A and dilute to 20.0 mL with
mobile phase A.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with mobile phase A. Dilute 1.0 mL of this
solution to 10.0 mL with mobilephase A.
Reference solution (b) Dissolve 5.0 mg of tropisetron
impurityB CRS and 5 mg of ethyl indale-3-<arboxylate CRS in
mobile phase A and dilute to 20.0 mL with mobile phase A.
Dilure 1.0 mL of this solution to 50.0 mL with mobile
phase A.

Column:
- size: 1= 0.25 m, 0 = 4.6 mrn;
- stationary phase: octy/si/yl silica gelfor chromatography R

(5 um).

Mobile phase:
- mobile phase A: trUthylamine R, aceronim"le R, water R,

methanol R (0.3:35:400:565 VIVIVIV);

www.webofpharma.com



2022 Trospium Chloride 11-1245

o iT 21- 2

____________________ PhE"

10405-02-4428.0

~
"" 0 H~H __ "

.# 0" N~ CI-

OH -•.•. J
H

PhE" ~ _

Action and use
Anticholinergic.

Preparations
Trospium Chloride Prolonged-release Capsules

Trospium Chloride Tablets

A. (IR,3r,5S)-8-methyl-8-azabicyclo[3.2.1]octan-3-01
(tropine),

(Ph. Bur. monograph 1798)

Trospium Chloride

-:HN
~

'"
B. lH-indole-3-carboxylic acid.

IMPURITIES
Specified impuniies A, B.

Injection 20 ~L.

Limit:
- N,N-dimethylam"/ine: not more than the area of the

principal peak in the chromatogram obtained with the
reference solution (20 ppm).

Loss on drying (2.2.32)
Maximwn 0.3 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.250 g in 10 mL of anhydrous acetic acidR and add
70 mL of acetic anhydride R. Titrate with 0.1 M perchloric
acid, determining the end-point potentiometrically (2.2.20).

1 mL of 0.1 M perchlon'c acidis equivalent to 32.08 mg

DEFINITION
( IR,3r,5S)-3-[(Hydroxydiphenylacetyl)oxy]spiro [8­
azoniabicycio[3.2.1]oetane-8, I '-pyrrolidiniwn] chloride,

Content
99.0 per cent to 101.0 per cent (dried substance).

Time Mobile phase A Mobile phase B
(mln) (per cent V/J? (per cent V/J?
0-14 100 0

14 ~ 32 100 --> 0 0--> 100

32 - 36 0 100
36 - 37 0-->100 100 -> 0

37 - 52 100 0

Tim. Mobile pbase A Mobile phase B
(mln) (per cent V/J? (per cent VJ1'j

O· JO 100 0

lO-1I ]00 ..... 0 0 ..... 100

11 - 30 0 100
30 - 31 0 ..... 100 100 ..... 0

31 - 50 100 0

Flow rate 2 mUmin.
Detection Spectrophotometer at 280 nm.

Injection 20 ~L.

Relativeretention Wirh reference (Q tropisetron (retention
time =about 22 min : im uri B = about 0.05; eth I indole-

- mobile phaseB: triehylamine R, acetonitrile R, waterR,
methanol R (0.3:100:100:800 VlVlVflI);

3-carboxylate - about 0-:-2"

System suitability Reference solution (b):
- resolution: minimwn 4 between the peaks due to

impurity B and ethyl indole-3-carboxylate.

Limits:
- impurityB: not more than the area of the corresponding

peak in- the chromatogram obtained with reference
solution (b) (0.1 per cent);

- unspecified impurities: for each impurity, not more man the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.3 per cent);

- disregard limir. 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

N,N-Dimethylanl11ne
Liquid chromatography (2.2.29). Prepare the solutions
immediaulybefore use.
Test solution Dissolve 250 mg of the substance to be
examined in mobile phase A and dilute to 5.0 mL with
mobile phase A.

Reference solution Dissolve 10.0 mg of N,N-dimethylaniline R
in mobile phase A and dilute to 100.0 mL with mobile
phase A. Dilute 1.0 mL of this solution to 100.0 mL with
mobile phase A.

Column:
- size: 1 ;;;; 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: octylsilyl silica gelfor ehromarography R

(5~).

Mobile phase:
- mobile phaseA: tn'ethylamiru RJ acetonitrile R, waterRJ

methanol R (0.3:35:400:565 VIVIVIV);
- mobile phaseB: tn"ethyimine RJ aatonilrik RJ waterRj

methanol R (0.3:100:100:800 VIVIVIV);

Flow rate 1 mUmin.
Detection Spectrophotometer at 248 run.
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II-1246 Trospium Chloride

CHARACTERS
Appearance
White or almost white, crystaUine powder.

Solubility
Verysoluble in water, freely soluble inmethanol, practically
insoluble in methylene chloride.

IDENTIFICATION
A. Iofrared absorption spectrophotometry (2.2.24).

Comparison trospium chloride CRS.
B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Solution S
Dissolve 3.0 g in carbon dioxide-free waterR and dilute to
30 mL with the same solvent.

Solution S is clear (2.2.1) and not more intensely coloured
than reference solutionB7 (2.2.2, iWemod II).

pH (2.2.3)
5.0 to 7.0.

Dilute 5 mL of solution S to 50 mL with <arbon dioxide-free
water R.

Impurity C
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.20 g of the substance to be
examined in 2.0 mL of methanol R.
Reference solution (a) Dissolve 1.0 mg of trospium
impurity C CRS in 2.0 mL of methanol R.
Reference solution (b) Dilute 1.0 mL of test solution to
10.0 mL with methanol R. To 50 IlL of this solution add
1 mL of reference solution (a).

Piate TLC silica gelpia,. R.
Mobile phase glacial ace.c acidR, hydrochloric acidR,
acetonitrile R (1:35:45 VIVIV).

Appli<a,ion 10 IlL as bands.

Deodopment Over 2/3 of the plate.

Drying In a current of warm air until the odour of acetic
acid is no longerperceptible.
Deteaion Spray withpotassium Wdobismuthate so/utian Rand
subsequently with a 5 gIL solution of sodium nimte R.
Systemsuitability Reference solution (b):
- the chromatogram shows 2 clearly visible and separated

zones.
Limit:
- impun'ty C: any zone due to impurity C is not more

intense than the zone in the chromatogram obtainedwith
reference solution (a) (0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 30.0 mg of the substance to be
examined in the mobile phase and dilute to 10.0 mL with
the mobile phase.
Reference solution (a) Dissolve 6.0 mg of tro!pium
impurity A CRS in the mobile phase and dilute to 20.0 mL
with the mobile phase.
Reference solution (b) Dissolve 7.5 mg of trospium
impurity B CRS in the mobile phase and dilute to 5.0 mL
with the mobile phase.

Reference solution (c) Dilute a mixture of 0.3 mL of the test
solution, 1.0 mL of reference solution (a) and 1.0 mL of
reference solution (b) to 100.0 mL with the mobilephase.

2022

Column:
- size: I =0.25 m, 0 =4.6 rnrn;
- stationary phase: end-capped oety/si/yl silica gelfor

chromatography R (5 flIIl);
- temperature: 40 "C.
Mobile phase Mix I volume of triethylamine Rand
3 volumes of phosphoric acid R with 700 volumes of wa'" R
and add 300 volumes of acetonitrile R.
Flowrate I mllrnin.
Dneaion Spectrophotometer at 215 nm.
Injection 20 ~L.

Run time 3 times the retention time of trospium,
Relative retention With reference to trospium (retention
time =about 10 min): impurity B =about 0.7;
impurity A = about 1.9.

tem SUIlS tty erencesc ao -G-:
- resolution: minimum 3 between the peaksdue to

impurity Band trospium.

Limits:
- ;mpun·'y B: not more than the area of the corresponding

peakin the chromatogram obtainedwith reference
solution (c) (05 per cent);

- impuniy A: not more than 3 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (c) (0.3 per cent);

- utlSp«ified impurities: for each impurity, not more than
0.2 times the area of the peak due to impurity B in the
chromatogram obtainedwith reference solution (c)
(0.10 per cent);

- total: not more than twice the area of the peakdue to
impurity B in the chromatogram obtained with reference
solution (c) (1.0 per cent);

- disregard limit: 0.1 times the area of the peakdue to
impurity B in the chromatogram obtained withreference
solution (c) (0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C,

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of water R. Titrate with
O. J M silver nitrate, determining the end-point
potentiometrically (2.2.21J).

1 mL of 0.1 M savernitrate is equivalent to 42.80 mg
of C2,H,oCINO,.

STORAGE
Protected from light.

IMPURITIES
Specified impurit{es A, B, C.

~
: CO,H

_ OH

~ J

A. hydroxydiphenylacetic acid (benzilic acid),
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~
'" 0H<"- ]
#' 0'- ~~. _

- OH
H

~ tJ

B. (IR,3r,5S)-8-azabicyclo[3.2.I]oct-3-yl
bydroxydiphenylacetare,

C. (I R,3r,5S)-3-hydroxyspiro[8-azoniabicyclo[3.2.1]
octane8,l '-pyrrolidinium].

TESTS
Composition
Liquid chromatography (2.2.29): use the normalisation
procedure.
Test solution Dissolve 10.0 mg of the substance to be
examined in the mobile phase, if necessary using an
ultrasonic bath and dilute to 10.0 mL with me mobile phase.

Reference solutWn (a) Dissolve 10.0 mg of trcxerutin CRS in
the mobile phase, if necessary using an ultrasonic bath and
dilute to 10.0 mL with the mobile phase.

Reference solutWn (b) Dilute I mL of reference solution (a)
10 10 mL with the mobile phase. Dilute I mL of this
solution to 100 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 =4.6 mm,
- stationary phase: end-capped ""tadecylsilyl silica gelfor

PIlE" _

Mobile phase Mix 20 volumes of auumitriJe Rand
80 volumes of a 15.6 gIL solution of sodium dihydrogen
phosphate R adjusted to pH 4.4 with dilute phosphoric acidR
or dr7ute sodium hydroxide solution R.
Flow rate 0.5 mUmin.
Detection Spectrophotometer at 350 om.

Injection 10 ~L.

Run time Twice the retention time of the main compound
of troxerutin (tris(hydroxyethyl)rutin).

Relati'Ve retention With reference to tris(hydcoxyethyl)rutin
(retention time = about 25 min): tetrakis
(hydroxyethyl)rutin = about 0.5; mono(hydroxyethyl)
rutin =about 0.8; bis(hydroxyethyl)rutin =about 1.1.

System sur'lability Reference solution (a):
- peak-to-vaJley ratio: minimum 2.0, where H, = height

above the baseline of the peak due to bis(hydroxyethyl)
rutin and Ho =height above the baseline of the lowest
point of the curve separating this peak from the peak due
to tris(hydroxyethyl)rutin;

- signal-to-noise ratio: minimum 10 for the principal peak in
the chromatogram obtained with reference solution (b).

Limits:
- prindpaIpeak: minimwn 80 per cent,
- any otherpeak: for each peak, maximum 5 per cent,

except for 1 peak which can be maximum 10 per cent.
- disregard limit: area of the principal peak in the

chromatogram obtained with reference solution (b).

Ethylene oxide
Head-space gas chromatography (2.2.28).

Test solution To 1.00 g of the substance to be examined in a
vial, add 1.0 mL of waterR. .Mix to obtain a homogeneous
solution. Heat at 70 °C for 45 min.

Reference solution To 1.00 g of the substance to be examined
in a vial, add ;;0 ~L of ethylene oxide ,oIution R4 and 950 pi.
of waterR and close tightly. Mix to obtain a homogeneous
solution. Heat at 70 °C for 45 min.

Co/umn:
- material: fused silica,
- size: 1= 30 m, 0 = 0.32 mm,
- stationary phase: cyanopropyl(7)pheny/(7)melhy/(86)

poIysiioxane R (film thickness I um),

Carrier gas heliumfor chromatography R.
Flowrate l.l mUmin.
Statichead-space conditions which may be used:
- equilibration temperature: 70 °C J

- equilibration time: 45 min,

7085-55-4743

(Ph. Bur. monograph 2133)

Acdon and use
Bioflavonoid.

DEFINITION
M.ixture of o-hydroxyethylated derivatives of rutoside
containing minimum 80 per cent of 2-[3,4-bis(2­
hydroxyethoxy)phenyl]-3-[[6-0-(6-deoXY'<H­
mannopyranosyl)-~-D-glucopyranosyl)oxy]-5-hydroxy-7-(2­

hydroxyethoxy)-4H-l-benzopyran-4-one (tris(hydroxyethyl)
rutin).

Content
95.0 per cent to 105.0 per cent (dried substance).

CHARACTERS
Appearance
Yellowish-green, crystalline powder, hygroscopic.

Solubility
Freely soluble in water, slightly soluble in ethanol
(96 per cent) and praeticaUy insoluble in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison troxerutin CRS.
B. Examine the chromatograms obtained in the test for
composition.
Results The principal peak in the chromatogram obtained
with the test solution is similar in position and size [0 the
principal peak in the chromatogram obtained with the
reference solution (a).

Troxerutin
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II-1248 Trypsin

- transfer line temperature; 110 QC,
- pressurisation time: 2 min,
- inieaion time: 12 s.

Temperature:

2022

calculated with reference to the dried substance. In solution,
it bas maximum enzymic activity at pH 8; the activity is
reversibly inhibited at pH 3, the pH at which it is most
stable.

Detection Flame ionisation.

Injection J.O mL.

The peak due to ethylene oxide is identified by injecting
solutions of ethylene oxide of increasing concentration.

Column

Injectionport

Detector

Thne
(min)

0-5

5 - 18

Temperature
("C)

40

40 -J 200

150

250

PRODUCTION
The animals from which trypsin is derived must fulfil the
requirements for the health of animals suitable for human
consumption.

The method of manufacture is validated to demonstrate that
the product) if tested, would comply with the following test.

Histamine (2.6.lU)
Not more than 1 Jlg of histamine base per 0.2 microkatal of
trypsin activity. Use a 10 gIL solution of the substance to be
examined in 0.0015 M borate buffer sduuonpH 8.0 R
inactivated by hearing on a water-bath for 30 min. Carry out
dilutions with a 9 solution of sodium chloride R.

------Detennrne ilie content orethylene oXloewpm) m the
substance to be examined using the following expression:

AI area of the peak due [Q ethylene oxide in the chromatogram
obtained with the lest solution,

A2 area of the peak due to ethylene oxide in the chromatogram
obtained with the referencesolution,

nIl mass of ethyleneoxide in me reference solution, in micrograms,
"'2 mass of me substance to be examinedin the test sojuuon, in

"""'"In] mass of ihe substance to be examined in the reference solution,
in grams.

Limit:
- ethylene oxide: maximum I ppm.

Loss on drying (2.2.32)
Maximum 5.0 per cent, determined on 1.000 g by drying in
an oven at lOS °C for 4 h.

Sulfated ash (2.4.14)
Maximum 0.4 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 100.0 mL of water R. Dilute 10.0 mL of
this solution to 100.0 mL with waterR. Dilute 10.0 mL to
100.0 mL with waterR. Measure the absorbance (2.2.25) at
the absorption maximum at 350 om.

Calculate the percentage content of ~3H.12019 taking the
specific absorbance to be 250.

STORAGE
In an airtight container, protected from light.
_________________~ PhEur

Trypsin
(ph. Bur. monograph 0694)

9002-07-7

Action and use
Proteolytic enzyme.

PhEur _

DEFINITION
Trypsin is a proteolytic enzyme obtained by the activation of
trypsinogen extracted from the pancreas of mammals. It: has
an activity of not less chan 0.5 microkatal per milligram,

CHARACTERS
Appearance
White or almost white, crystaUine or amorphous powder,
hygroscopic if amorphous.

Solubility
Sparingly soluble in water.

IDENTIFICATION
A. Dilute I mL of solution S (see Tests) to 100 mL with
water R. In a depression in a white spot-plate, mix 0.1 mL of
this solution with 0.2 mL of rosylarginine methylester
hydrochloride solution R. A reddish-violet colour develops
within 3 min.

B. Dilute 0.5 mL of solution S to 5 mL with water R.
Add 0.1 mL of a 20 f!/L solution of rosyl-Iysy/-chlJJromethane
bydrochloride R. Adjust to pH 7.0, shake for 2 h and dilute to
50 mL with waterR. In one of the depressions of a white
spot-plate, mix 0.1 mL of this solution with 0.2 mL of
rosy/arginine methylester hydrochIJJride sohuion R. No reddish­
violet colour develops within 3 min.

TESTS
Soludon S
Dissolve 0.10 g in casiondioxide-free water R and dilute to
10.0 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent chan reference
suspension ill (2.2.1).

pH (2.2.3)
3.0 to 6.0 for solution S.

Specific absorbance (2.2.25)
13.5 to 16.5, determined at the absorption maximum at
280 not; maximum 7.0, determined at the absorption
minimum at 250 nm.

Dissolve 30.0 mg in 0.001 M hydrochloric add and dilute to
100.0 mL with the same acid.

Chymotrypsin
Testso/ution To 1.8 mL of buffer so/ution pH 8.0 R add
7.4 mL of waterRand 0.5 mL of 0.2 M acetyltyrosine ethyl
ester R. While shaking the solution, add 0.3 mL of solution S
and start: a timer. After exactly 5 min, measure the pH
(2.2.3).

Reference solution Prepare in the same manner as the test
solution, replacing solution S by 0.3 mL of a 0.5 gIL solution
of chymotrypsin BRP, and measure the pH (2.2.3) exactly
5 min after adding the chymotrypsin.

The pH of the test solution is higher chan that of the
reference solution.
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- PhE",

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8°C.

LABELLING
The label states:
- the activity in microkatals per milligram;
- for the amorphous substance, that it is hygroscopic.

Loss on drying (2.2.32)
Not more than 5.0 per cent, determined on 0.500 g by
drying at 60°C at a pressure not exceeding 0.67 kPa for 2 h.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6.12).
TYMC: acceptance criterion 102 CFU/g (2.6.12).
Absence of Escherichia ro/i (2.6. H).
Absence of Salmonella (2.6.13).

ASSAY
The activity of trypsin is detennined by comparing the rate at
which it hydrolyses benzoylarginine ethyleuer hydrochloride R
with the rate at which trypsin BRP hydrolyses the same
substrate in the same conditions.

Apparatus Use a reaction vessel of about 30 mL capacity
provided with:

Tryptophan
(ph. Bur. monograph 1272)

HN
H N

**** ** ** ****

73-22-3

Co,H

204.2CIIHI2N202
PhEII ~

DEFINITION
(2S)-2-Amino-3-(IH-indol-3-yl)propanoic acid.

Product of fermentation or of protein hydrolysis.

Content
98.5 per cenr ro 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystaUine or amorphous powder.

Solubility
Sparingly soluble in water, slightly soluble in ethanol
(96 per cent). It dissolves in dilute solutions of mineral acids
and alkali hydroxides.

IDENTIFICATION
First identification: A, B.
Second identification: A.J C, D.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison tryptophan CRS.
C. Thin-layer chromatography (2.2.27).

Solventmixture gfacial acelic acidR, waterR (50:50 VIV).
Testsolution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 50 mL with
the solvent mixture.

Reference solution Dissolve 10 mg of tryptophan CRS in the
solvent mixture and dilute to 50 mL with the solvent
mixture.

Plare TLC silica gelplate R.
Mobile phase glacial acetic add R, waterR, butanolR
(20:20:60 VIVIV).

Appliaztion 5 IlL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydrin solution R and heat at 105°C
for 15 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

m'xV
--xA
mxV'

25.0 ± 0.1 °C;
- a stirring device (for example, a magnetic stirrer);
- a lid with holes for the insertion of electrodes, the rip of

the burette, a tube for the admission of nitrogen and the
introduction of reagents.

An automatic or manual titration device may be used.
For the latter, the burette is graduated in 0.005 mL and the
pH meter is provided with a wide-range scale and glass­
silver-silver chloride or oilier suitable electrodes.

Test solution Dissolve a suitable quantity of the substance to
be examined in 0.001M hydrochloric acidand dilute to
25.0 mL with the same acid in order to obtain a solution
containing approximatelr 700 nanokatals per millilitre.

Reference solution Dissolve a suitable quantity of trypsin BRP
in 0.001M hydrochlorit: acid and dilute to 25.0 mL with the
same acid in order to obtain a solution containing
approximately 700 nanokatals per millilitre.
Store the solutions at 0-5 °C. Warm 1 mL of each solution
to about 25°C over 15 min and use 50 IJL of each solution
for each titration. Carry out the titration in an atmosphere of
nitrogen. Transfer 10.0 mL of 0.0015 M borare buffer solution
pH 8.0 R to the reaction vessel and, while stirring, add
1.0 mL of a freshly prepared 6.86 gIL solution of
benzoyfarginine ethylester hydrochloride R. When the
temperature is steady at 25.0 ± 0.1 °C (after about 5 min)
adjust to pH 8.0 exactly with 0.1 M sodium hydroxide.
Add 50 IJL of the test solution and start a timer. Maintain at
pH 8.0 by the addition of 0.1 M sodium hydroxide, the tip of
the microburette being immersed in the solution; note
the volwne added every' 30 s. Follow the reaction for 8 min.
Calculate the volume of 0.1 M sodium hydroxide used per
second. Carry out a titration in the same manner using the
reference solution and calculate the volume of 0.1 M sodium
hydroxide used per second.

Calculate the activity in microkatals per milligram using the
following expression:

m mass of me substance [0 be examined. in milligrams,
m' mass of trypsin BRP. in milligrams;
V volume of 0.1 M s«fiwn hydroxitk used per secood by the [est

sohnionj
v' volume of 0.1 M sodium hydroxide used per second by the

referencesolution;
A aclivityof rryprinBRP. in mkrckatals per milligram.
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o
0 ..... 100

100

Mobile phase B
(per cent YfII)

o

100

100 -+ 0

MobUe phase A
(per cent VIII)

Tim.
(min)

0- to
10 - 45

45 - 65

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
phannaceutical use(2034) do not apply.

Impurity A and other related substances
Liquid chromatography (2.2.29). Prepare tire standard, test and
reference solutions immediately before use.
Buffersolution pH 2.3 Dissolve 3.90 g of sodium dihydrogen
phosphate R in 1000 mL of water R. Add about 700 mL of a
2.9 gIL solution of phosphoric acidR and adjust to pH 2.3
with the same acid solution.
Solvent mixture acetonitrile R, waterR (10:90 VIII).
Standard solution Dissolve 10.0 mg of N-aatyltryptophan R
in the solventmixture and dilute to 100.0 rnL with the
solventmixture. Dilute 2.0 mL of this solution to 100.0 mL
with the solventmixture.

Flow rate 0.7 mllmin.
Detection Spectrophotometer at 220 run.
Injection 20 ~L of test solutions (a) and (b) and reference
solutions (b) and (c).

Retention time Tryptophan > about 8 min;
N-acetylnyptophan :: about29 min; impurity A =about
34 min.
System suitability:
- resolution: minimum 8.0 between the peaks due to

N-acetyltryptophan andimpurity A in the chromatogram
obtained with reference solution (b); if necessary, adjust
the time programme forthe elution gradient (an increase
in the duration of elution with mobile phase A produces
longer retention times and a better resolution);

- signal-to-noise ratio: minimum 15 for the principal peak in
the chromatogram obtained with reference solution (c);

D. Dissolve about 20 mg in 10 mL of water R. Add 5 mL of
dimethylaminobenzaldehyde solution R6 and 2 mL of
hydrochloric acid RI. Heat on a water-bath. A purple-blue
colourdevelops.

TESTS
Appearance of solution
The solution is clear (2.2.1) andnot more intensely coloured
than reference solution BY. (2.2.2, Method If).

Dissolve 0.1 g in I M hydrochloric acid and dilute to 10 mL
with the same acid.

Specific optical rotation (2.2.7)
-33.0 to -30.0 (dried substance).

Dissolve 0.25 g in water R, heating on a water-bath if
necessary, and dilute to 25.0 mL with the same solvent.

Ninhydrin-positive substances
0-3Gl. -ana YSIS- .--- -Of-ana YSIS,.- s _ ._______ _ _ _ of the substance to be

The concentrations of the test solution and the reference ~a~ed in ~e solventmixture ana-diHnerolO:O rot with:
solutions may be adapted according to the sensitivity of the e so vent nuxture.
equipment used. The concentrations of aU solutions are Testsolution (b) Dissolve 0.10 g of the substance to he
adjusted so that the system suitability requirements described examinedin the standard solutionand dilute (Q 10.0 mL
in general chapter 2.2.46 arefulfilled) keeping the ratios of with the standard solution.
concentrations betweenall solutions as described. Reference solution (a) Dissolve the contents of a vial of 1)1'-
Solution A dilute hydrochloric acid RI or a sample preparation ethylideneb!'rryptaphan CRS (impurity A) in 1.0 mL of the
buffer suitable for the apparatus used. solventrmxture.
Test solution Dissolve 30.0 mg of the substance to be Reference solution (b) Dissolve the contents of a vial of 1~1'-

examined in solution A and dilute to 50.0 mL with ethy/idenebisrryptaphan CRS (impurity A) in 1.0 mL of the
solution A. standard solution.
Reference solution (a) Dilute 1.0 mL of the test solution to Reference solution (c) Dilute 0.5 mL of reference solution (a)
100.0 mL with solution A.'pilute 2.0 mL of this solution to to 5.0 mL with the solvent mixture.
10.0 mL with solution A. Column:
Reference solution (b) Dissolve 30.0 mg of proline R in - size: 1= 0.25 m, 0 = 4.6 mrn;
solution A and dilute to 100.0 mL with solution A. Dilute - srationary phase: ""tade<y/si(yl siIi<a gelfor chromatagraphy R
1.0 mL of the solution to 250.0 mL with solution A. (5 IUD);
Referena solution (c) Dilute 6.0 mL of ammonium standard - temperature: 40 "C.
solution (l00 ppm NH.,J R to 50.0 mL with solution A. Dilute Mobile phase:
1.0 mL of this solution to 100.0 mL with solution A. - mobile phase A: aatanioileR, buffer solution pH 2.3

Reference solution (d) Dissolve30 mg of isoleucine Rand (115:885 VII');. .
30 mg of leucine R in solution A and dilute to 50.0 mL with - mobile phase B: acetomtrle R, buffer solution pH 2.3
solution A. Dilute 1.0 mL of the solution to 200.0 mL with (350:650 VII');
solution A. --==------,-,--,---------,----
Blank solution Solution A.

Inject suitable, equal amounts of thetest) blank andreference
solutions into the aminoacid analyser. Run a program
suitable for the determination of physiological amino acids.
System suitabilily Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

isoleucine and leucine.
Calculation of percenrage contents:
- for anyninhydrin-positive substance detectedat 570 run,

use the concentration of tryptophan in reference
solution (a);

- for any ninhydrin-positive substance detected at 440 nm,
use the concentration of proline in reference solution (b);
if a peak is above the reporting threshold at-both
wavelengths) use the result obtained at 570 run for
quantification.

Limits:
- any n;nhydn"n-pos;tive substana: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.5 per cent;
- rejJQrting threshold: 0.05 per cent.
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- symmetry factor. maximum 3.5 for the peak due to
impurity A in the chromatogram obtained with reference
solution (b);

- in the chromatogram obtained with test solution (a) there
is no peak with the same retention time as
N-acetyltryptophan (in such case correct the area of the
N-acetyllIyptophan peak).

Limits Test solution (b):
- ;mpun"IY A: not more than 0.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (c) (10 ppm);

- sum of impurities with a retention time less than that of
tryptophan: not more than 0.6 times the area of the peak
due to N-acetyhryptophan in the chromatogram obtained
with teference solution (b) (100 ppm);

- sum of ;mpun"ties with a retention timegreater than that of
t han and u to 1.8 times the retention Ii

- -----------N-acery1tiypwphan: not more ilian l-:-g-times me area of
the peak due to N-acetyltryptophan in the chromatogram
obtained with reference solution (b) (300 ppm);

- disregard limit: 0.02 times the area of the peak due to
N-acetylttypwphan in the chromatogram obtained with
reference solution (b); disregard the peak due to
N-acetyllIyptophan.

Chlorides (2.4.4)
Maximum 200 ppm.

Dissolve 0.25 g in 3 mL of dilutenitric acid R and dilute to
15 mL with waterR. The solution, without any further
addition of nitric acid, complies with the test.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in a mixture of 5 volumes of dilute hydrochloric
acidRand 25 volumes of distilled waterR, and dilute to
15 mL with the same mixture of solvents.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.

Injection Test solution, reference solution (c) and blank.
solution.

Limit,
- ammonium at 570 nm: not more than the area of the

corresponding peak in the chromatogram obtained with
reference solution (e) (0.02 per cent), taking into account
the peak due to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 20 ppm.

In a separatiog funnel, dissolve 0.50 g in 10 mL of dilute
hydrochloric acidR. Shake with 3 quantities, each of 10 mL,
of methyl isobutyllteome Rl, shaking for 3 min each time.
To the combined organic layers add 10 mL of waler Rand
shake for 3 min. Examine the aqueous layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g hy drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.150 g in 3 mL or anhydrous formic acid R.
Add 50 mL of anhydrous acetic acid R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

Tryptophan 11-1251

1 mL of 0.1 M perchloric acid is equivalent to 20.42 mg
of CIIHIZNz02'

STORAGE
Protected from light.

IMPURITIES
Specified impuniies A.

Otherdetectable impun"ties (the jollowing substances would) if
present at a sufficiemleveJ, hedetected by oneor otherof the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for otherlunspuified impuniies. It istherefore not
nuessmy to identify these impurities for demonstration 01
compliance. See also 5.10. Control of impurities in substances for
pharmaceutical use) B, C, D, E, F, G, HJ I,], K, L.

Ho,C

A. 3,3'-[ethane-I, l-<liylbis(lH-indol-I,3-diyl)jbis[(2S)-2­
aminopropanoic acid] (ethane-Ll-diylbisrryprophan),

o

dfx
N H NH

""-' .. 2 and epimer at C'
': Co,H
~ OH

B. (2S)-2-amino-3-[(3RS)-3-hydroxy-2-oxo-2,3-<lihydro-l H­
indol-3-yljpropanoic acid (dioxyindolylalanine),

C. (2S)-2-amino-4-(2-aminophenyl)-4-oxobutanoic acid
(kynurenine),

¢?'Y
HN H Nfl,

\ '
'\ ' co,H

HO

D. (2S)-2-amino-3-(5-hydtoxy-IH-indol-3-yl)plOpanoic acid
(5-hydtoxytryptophan),

OHC...
NHOHNH2

ifXco~

E. (2S)-2-amino-4-[2-(formylamino)phenylj-4-oxobutanoic
acid (N-formylkynurenine),

F. (2S)-2-amino-3-(phenylamino)plOpanoic acid
(3-phenylaminoalanine),
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Tyrosine
(Ph. Eur. monograph 1161)

G. (2S)-2-amino-3-(2-hydroxy-IH-indol-3-yl)propanoic acid
(2-hydroxytryptophan),

~
NH"I .. oo,H

~ H andenantJomer Action and use
Amino acid.

181.2 60-18-4

H. (3RS)-I,2,3,4-tetrahydro-9H-pyrido[3,4-bjindole-3­
carboxylic acid,

CH,

PIlE" _

DEFINITION
-2-Amino-3- 4-h dro hen I co anoie acid.

HO

____________________ PIlE"

Product of fermentation or of protemhydroIYSis.--­

Content
99.0 per cent to 101.0 per cent (driedsubstance).

CHARACTERS
Appearance
White or almostwhite, crystalline powderor colourless
crystals.

Solubility
Very slightly solublein water, practically insoluble in ethanol
(96 per cent). It dissolves in dilute mineral acids and in
dilute solutions of alkali hydroxides.

IDENTIFICATION
Firsl identification: A, B.
Second identification: AJ C, D, E.
A. Specificopticalrotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison tyrOSine CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in I mL of dilute ammonia R2 and dilute to 50 mL
with waterR.
Reference solution Dissolve 10 mg of tyrOSine CRS in I mL of
dilute ammonia R2 and dilute to 50 mL with waterR.

Plate TLC silica gelplate R.
Mobile phase concentrated ammonia Rt, propanol R
(30:70 VIV).

Applicatkm 5 1'1-.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with nitlhydrin solurioo R and heat at 105°C
for 15 min.
Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colourand size to
the principal spot in the chromatogram obtained with the
reference solution.
D. To about 50 mg add I mL of dJure nitric acidR. A dark
red colouris produced within 15 min.
E. Dissolve about 30 mg in 2 mL of dJnte sodium hydroxide
solution R. Add 3 mL of a freshly prepared mixture of
equal volwnes of a 100 gILsolution of sodium nitrite R and a
solution of 0.5 g of sulfanJu; acid R in a mixture of 6 mL of
hydrtXhloric acid Rl and 94 mL of waterR. An orange-red
colour is produced.

NH

Co,H

NH

Co,H

• NHHN

HN

L. 1_(IH_indol_3_ylmethyl)_1,2,3,4_tetrahydro_9H_pyrido

[3,4-bjindole-3-carboxylic acid.

K. (2S)-2-amino-3-[2-(IH-indol-3-ylmethyl)-IH-indol-3-ylj
propanoic acid,

I. l-methyl-I,2,3,4-tetrahydro-9H-pyrido [3,4-bjindole-3­
carboxylic acid,

J. (2S)-2-amino-3- [2-[2,3-dihydroxy-I-( IH-indol-3-yl)
propyl]-IH-indol-3-yljpropanoic acid,
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TESTS - reporting threshold: 0.05 per cent.

Appearance of solution The thresholds indicated underRelated substances
The solution is clear (2.2.1) and not more intensely coloured (Table 2034.-1) in the general monograph Subsumces for
than reference solution Y, (2.2.2, Me/hodII). pharmaceutical use (2034) do not apply.

Dissolve 0.5 g in dilute hydrochloric acidR and dilute to Chloride. (2.4.4)
20 mL with the same acid. Maximum 200 ppm.

Specific optical rotation (2.2.7) Dissolve 0.25 g in 3 mL of diltuenitric acid R and dilute to
-12.3 to -11.0 (dried substance). 15 mL with waterR. The solution, without further addition
Dissolve 1.25 g in a mixture of equal volumesof diluu of nitric acid, complieswith me test.
hydrochloric acidR and waterR and dilute to 25.0 mL with Sulfates (2.4.13)
the same mixture of solvents. Maximum 300 ppm.

Ninhydrin-positive substances Dissolve, with gentle heating, 0.5 ginS mL of dilute
Amino acid analysis (2.2.56). For analysis, use Method I. hydrochloric acidRand dilure ro 15 mL with distilled water R.
The concentrations of the test solution and the reference Ammonium
solutions may be adapted according to the sensitivity of the Amino acid analysis (2.2.56) as described in the test for
equipment used. The concentrations of aU solutions are ninh drin- ositivesubstances with the foUo .

STORAGE
Protected from light.

A. (2S)-2-amino-3-phenylpropanoic acid (phenylalanine),

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Iron (2.4.9)
Maximum 10 ppm.
In a separating funoel, dissolve 1.0 g in 10 mL of dilute
hydrochloric acid R. Shake with 3 quantities, each of 10 mL,
of methylisobutyl ketone Rl, shaking for 3 min eacb time.
To the combinedorganic layers add 10 mL of walerRand
shakefor 3 min. Use the aqueous layer.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

ASSAY
Dissolve 0.150 g in 5 mL of anhydrousforotic acidR.
Add 30 mL of anhydrous acetic acidR. Titrate with 0.1 M
perchlotic add, determining the end-point potentiometrically
(2.2.21J).

1 mL of 0.1 M perch/oric acid is equivalent to 18.12 mg of
C,HllNO,.

IMPURITIES
Specified impurilies A.
Otherdereerable impurities (thefollowing sub,rances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. Theyare limited by thegeneral acceptance
cntetion for other/unspecified impurities. It is therefore not
necessary UJ identify these impuruies for demonstration of
compliance. Seealso5.10. Control of impuniies in subseanus for
pharmaceutical use) B, G.

-adjusted-so-that-the-sys-tem-s-uitability-reqw:rements- escribed----------modifications. - --- ---- ----

in general chapter 2.2.46 are ful?lled, keepin~ the ratios of Injection Test solution, reference solution (d) and blank
concentrations between aU solutions as described, solution.
Solution A dilute h:ydroch/oric acidRl or a sample preparation Limit:
buffersuitable for the apparatus used. _ ammonium at 570 nm: not more than the area of the
Testsolution Dissolve 30.0 mg of the substance to be corresponding peakin the chromatogram obtained with
examined in solution A and dilute to 50.0 mL with reference solution (d) (0.02 per cent), taking into account
solution A. the peakdue to ammoniumin the chromatogram
Reference solution (a) Dilute 1.0 mL of the test solution to obtainedwith the blanksolution.
100.0 mL with solution A. Dilute 2.0 mL of this solution to
10.0 mL with solution A.

Reference ,oIulion (b) Dissolve 30.0 mg of phenylalanine R
(impurity A) in solution A and dilute to 100.0 mL with
solution A. Dilute 1.0 niL of the solution to 250.0 mL with
solution A.
Reference ,oIution (c) Dissolve 30.0 mg of proline R in
solution A and dilute to 100.0 mL with solution A. Dilute
1.0 mL of the solution to 250.0 mL with solution A.

Reference ,oIution (d) Dilute 6.0 mL of ammonium standard
solution (100 ppmNH,J R to 50.0 mL with solution A. Dilute
1.0 mL of this solution to 100.0 mL with solution A.

Reference ,olution (e) Dissolve 30 mg of isoleucine Rand
30 mg of leucine R in solution A and dilute to 50.0 mL with
solution A. Dilute 1.0 mL of the solution to 200.0 mL with
solution A.
Blanksolution Solution A.
Inject suitable, equal amounts of the test, blank and reference
solutions into the amino acid analyser. Run a program
suitablefor the determination of physiological amino acids.
System suitability Reference solution (e):
- resolution: minimum 1.5 between the peaksdue to

isoleucineand leucine.
Calculation of percentage comems:
- for impurity A, use the concentration of impurity A in

reference solution (b);
- for any ninhydrin-positive substance detectedat 570 nm,

use the concentration of tyrosine in reference solution (a);
- for any ninhydrin-positive substance detected at 440 nm,

use the concentration of proline in reference solution (c);
if a peak is above the reporting threshold at both
wavelengths, use the resultobtained at 570 nm for
quantification.

Limits:
- impurity A at 570 nm: maximum 0.5 per cent;
- any ninhydrin-positive subswnce: for each impurity,

maximum 0.2 per cent;
- total: maximum 0.6 per cent;
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II-1254 Tyrothricin

B. (25)-2,6-diaminohexanoic acid (lysine),

C. 3,3'-disuifanediylbis[(2R)-2-aminopropanoic acid]
(cystine).

Tyrothricin

2022

Second identification: A.
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve5 mg of the substance to be examined
in 4.0 mL of ethanol (96 pereenr) R.
Reference solution Dissolve 5 mg of tyrothricin CRS in
4.0 mL of ethanol (96 percent) R.
Place TLC silica gelFm place R.
lWob,1e phase methanol R, butanol R, waterR, acetic acid R,
bury! acetace R (2.5:7.5:12:20:40 VIVIVIV/V).
Applicarion I pL.
Development Over 213 of the plate.

Drying In a current of warmair.
Detection A Examine in ultraviolet light at 254 run.

*** *:* Results A The principal spots or groups of principal spots In
* * the chromatogram obtainedwith the test solution aresimilar

(ph. Bur. monograph 1662)

o>-X- Gly - L·Ala- o-Leu-l-A1a- o-Val-L-VaI-e-var-t-Trp -
H j OH

o-Leu- Y -o-teu-r-rrp-o-teu-r-Trp-N~
W lj H

Gramicidin Mol. focmula M. X

At ~HI~20011 1882 LNal

A2 C,ooH'42N20011 1896 l-Ile

C1 ~1HI39NI9011S 185" L-Val

C2 CgsH\4INI90 18 1873 L-lle

v

L-Trp

L-Trp

L-Tyr

L-Tyr

***---irrposition-ami--size-to-th:e-principal-spors-or-groups-o
principal spots in the chromatogram obtained with the
reference solution. The uppergroup corresponds to
gramicidlns, the lower group to tyrocidine.

Detection B Spray with djmerhy/amjnobenza/dehyde
solution R2. Heat the plate in a current of warm airuntil me
spots appear.
System suitability Reference solution:

- the chromatogram shows2 clearly separated spotsor
groups of spots.

Results B The principal spots or groups of principal spots in
the chromatogram obtained with the test solution aresimilar
in position,colourand size to the principal spotsor groups of
principal spots in the chromatogram obtained with the
reference solution. The upper group corresponds to
gramicidins, the lowergroup to tyrocidine.

B. Composition (see Tests).

Tyrocklin Mol. formula M. X V Z

A Ce6HaaN130 13 1271 L-Pha o-Pha L-Tyr

B CsaH8'9N14013 1311 L-Trp o-Phe L.Tyr

C C7oHgoN1S013 1350 L-Trp o-T", L-Tyr

D C72HtlNlaOI2 1373 l·Trp o-T", L-Trp

E ~HaaNI3012 1255 L·Phe o-Phe L·Phe

Action and use
Polypeptide antibacterial.

PIIElr ~ ~

DEFINITION
Mixture of antimicrobial linear and cyclic polypeptides,
isolated from the fermentation broth of BrevibadUus brevis
Dubos. It consists mainly of gramicidins and tyrocidins as
descnbedabove; otherrelated compounds maybe present in
smalleramounts.
Potency
180 IV/mg to 280 IV/mg (dried substance)..

CHARACTERS
Appearance
White or almost whitepowder.

Solubility
Practically insoluble in water, soluble in ethanol (96 per cent)
and in methanol.

IDENTIFICATION
First identification: B.

TESTS
Composition
Liquid chromatography (2.2.29): use the nonnalisation
procedure. Prepare the solutions immediately before use.
Test solution Dissolve 5 mg of the substance to be examined
in 2 mL of methanol R and dilute to 5.0 mL with the mobile
phase.
Reference solurion (a) Dissolve 5 mg of tyrothricin CRS in
2 mL of methanol R and dilute to 5.0 mL with the mobile
phase.

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with the mobile phase.

Column:
- size: 1= 0.25 rn, 0 = 4.6 mm,
- stationary phase: octade<y/si/yl ,jli<a gelfor chromaUJgrophy R

(5 urn),
- temperalUre: 60 °C.

Mobile phase Q.79 gIL solution of ammonium sulface R,
merhanol R (25:75 VIV)o
Flaw race 1.2 mllmin.
Detection Spectrophotometer at 280 nm.
Injection 25 pL.
Run time 6 times the retention timeof gramicidin AI.
Use the chromatogram obtained with reference solutio~ (a)
and the chromatogram supplied with tyrothricin CRS to
identify the peaks due to gramicidin AI, gramicidin A2 and
the tyrocidins.

Relativeretention With reference to gramicidin Al (retention
time =about 10 min): gramicidin CI =about 0.8;
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2022 Ubidecarenone 11-1255

gramicidin C2 = about 0.9, gramicidin A2 = about 1.1;
ryrocidlns = about 1.5 to 6.

Systemsuitability Reference solution (a):
- peak-to-valley ralio: minimum 3.0, where Hp = height

above the baseJine of thepeakdue to gramicidin A2 and
H; =height above the baselineof the lowestpoint of the
curveseparating this peak from the peakdue to
gramicidin AI.

Limits:
- sumofgramicidins: 25 per cent to 50 per cent,
- sum of tyrocidms: 50 per cent to 70 per cent,
- total: minimum 85 per cent,
- disregard limit: me sum of the areas of the peaks due to

gramicidins in the chromatogram obtained withreference
solution (b).

Loss on drying (2.2.32)

mp
About 48°C.

Cany out all operations protected from Iigh<

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ubidecarenone CRS.
B. Examine the chromatograms obtained in the assay.
Results The principal peak in the chromatogram obtained
with the test solution is similar in retention time and size to
the principal peak in the chromatogram obtained with
reference solution (a).

TESTS
Related substances
liquid chromatography (2.2.29). Cany alii the testprote<ted
from lighr.

__~ ~ PhE"

i-s U ISS{) Y g-o e-su stancet

examined in 25.0 mL of anhydrous ethanol R by heatingat
about 50 °C for 2 min. Allow to cool.
Reference solution (a) Dissolve 25.0 mg of ubidecarenone CRS
in 25.0 mL of anhydrous ethanolR by heating at about 50°C
for 2 min. Allow to cool.
Reference solution (b) Dissolve 2 mg of ubidecarenone
impuni;y D CRS in 2.0 mL of the test solution by heating at
about 50 °C for 2 min. Allow to cool. Dilute 1.0 mL of this
solution to 50.0 mL with anhydrous ethanol R.

Reference solution (t) Dilute 1.0 mL of the test solution to
100.0 mL with anhydrous erhanol R. Dilute 5.0 mL of this
solution to 10.0 mL with anhydrous ethanol R.

Column:
- size: I = 0.2 m, 0 = 4.6 nun;
- nationaryphase: end-capped octadecylsi/y1 silica gelfor

chromarography R (5 lUll);
- temperature: 30 "C.

Mobile phase anhydrous ethanolR, merhanol R2 (20:80 VIY).

Flowrate 1.7 mUmin.

Detection Spectrophotometer at 275 nm.
Inj«tion 10 It!. of the test solution and reference
solutions (b) and (c).

Run time Twice the retention time of ubidecarenone.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peakdue to
impurity D.

Relative reunnon With reference to ubidecarenone (retention
time; about 14 min): impurity D ; about 0.7.

System mirabili/iY Reference solution (b):
- resolution: minimum 6.5 betweenthepeaks due to

impurity D and ubidecarenone.
Calculation of percentage rontents:
- for each impurity, use the concentration of ubidecarenone

in reference solution (c).

Limits:
- impun'ty D: maximum0.3 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximum 0.6 per cent,
- reporting rhreshold: 0.05 per cent.

Impurity F
liquid chromatography (2.2.29). Cany our the test protected
from lighr.

Test solution Dissolve 25.0 mg of the substance to be
examined in 25.0 mL of hexane R.

303-98-0863

CH,

o

o
H,CO

Action and use
Co-enzyme in mitochondrial electron transport.

(Ph. Eur. monograph 1578)

PhE" _

DEFINITION
2-[(aU-E)-3,7,II,15,19,23,27,31,35,39­
Decamethyltetraconta-2,6,IO,14JI8J22,26,30,34,38­

decaenyl]-5,6-<1imethoxy-3-methylbenzene-I,4-dione.

Content .
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Yellow or orange,hygroscopic, crystalline powder.

Solubility
Practically insoluble in water, soluble in acetone, very slightly
soluble in anhydrous ethanol.

It gradually decomposes and darkens on exposure to light.

Ubidecarenone

under high vacuum at 60 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 1.5 per cent, determined on 1.0 g.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2)
using the turbidimetric method. Use gramicidin CRS as the
reference substance.
Test- soluUon Prepare a solution of tyrothricin containing
about the same amount of gramicidin as the corresponding
solution of gramicidin CRS i.e. 5 times moreconcentrated.

STORAGE
In an airtight container, protected fromlight.
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CH3

CH3

CH,

o

D.5,6-dimethoxy-3-methyl-2-[(all-E)­
3,7,II,15,19,23,27,31,35-nonamethylhexatriaconta­
2,6, 10,14,18,22,26,30,34-nonaenyl]benzene-l,4-dione
(ubiquinone-9),

o
H3CO

H3CO

B. 2-[(all-E)-3,7,11,15,19,23,27-heplamethyloctadocosa­
2,6, I0, 14,18,22, 26-heptaenyl)-5,6-dimethoxy-3­
merhylbenzene-I,4-dione (ubiquinone-7),

, @ ~ m y- - - -,.-., ,. ., ,
octamethyldottiaconta-2,6,10,14,18,22,26,30­
octaenyl]benzene-l,4-dione (ubiquinone-B),

o

o

E. (2RS)-7,8-dimethoxy-2,5-dimethyl-2-[(aU-E)­
4,8,12,16,20,24,28,32,36-nonamethylheptatriaconta­
3,7,11,15,19,23,27,31,35-nonaenylj-2H-I-benzopyran-6­
01 (ubicromencl),

F. 2-[(2Z,6E,IOE,I4E,18E,22E,26E,30E,34E)­
3,7,11,15,19,23,27,31,35,39-decamethyltetraconta-
2,6,1 0,14,18,22, 26,30, 34,38-decaenyl]-5,6-dimethoxy-3­
methylbenzene-l,4-dione (ubidecarenone (Z)-isomer),

G. unknown structure.
____________________ Phf<6

---·-chromatograrn-obtained-with-reference-se lien- -te
identify the peak due to impurity F.
Relative retention With reference to ubidecarenone (retention
lime = about 10 min): impurity F = about 0.85.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity F and uhidecarenone.
Limit:
- impurity F: not more than 0.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (0.5 percent).

Water (2.5.12)
tvlaximum 0.2 per cent, determined on 3.00 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the lest for
related substances with the following modification.
Injectr:on Test solution andreference solution (a).
Calculate the percentage contentof C59H900" taking into
account the assigned contentof ubidecarenone CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities D, F.

Otherdete<rable impuriries (thefollowing subsrances W<JUld, if
present at a sufficient level, bedetected by one orother of the tests
in the monograph. Theyare limited by thegeneral acceptance
criterion for ocher/unspecified impun'ries and/or by rhe general
monograph Subsrances for pharmaceutical use (2034). It is
therefore not necessary to Uknrify these impuriues for
demonstration of compliance. See aha 5.10. Conrrol of impurities
in substances forpharmaceutical use) A, B, C, E, G.

Reference solution (aJ Dissolve the contents of a vial of
ubidecarenone for system suitability CRS (containing
impurity F) in 1.0 mL of hexane R.
Reference solution (b) Dilute 1.0 mLof the test solution to

100.0 mL with hexane R.
Column:
- size: I::::: 0.25 m, 0 = 4.0 nun;
- starionary phase: sllica gelfor chromatography R (7 urn).

Mobile phase ethyl aurare R, hexane R (3:97 VIl').
Flow rate 2 mUmin.
Detection Spectrophotometerat 275 run.
Injection 20~.

Run time 1.2 times me retention timeof ubidecarenone.
Identification of impurities Use the chromatogram supplied
with ubidecarenone for sysrem suirability CRS and the

A. 2,3-dimethoxy-5-methylbenzene-I,4-diol,
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ASSAY
Dissolve 0.750 g in 10 mL of ethanol (96 per CellI) R. Titrate
with 0.5 M sodium hydroxide using 0.1 mL of phenolphthalein
solution R as indicator, until a pinkcolour is obtained.
1 mL of O.51W sodium hydroxide is equivalent to 92.14 mg
of CIIH2002'

STORAGE
In a non-metallic container, protected from light.

IJ2-3/}'9184.3CIIH2002
"'&1 _

Undecenoic Acid
(Undecylenic Acid, Ph. Eur. monograph 046/)

PhE" ~ ~_

_ PhE"

DEFINITION
Carbamide.

Content
98.5 per cent to 101.5 per cent (driedsubstance).

CHARACfERS
Appearance
While or almost white,crystalline powder or transparent
crystals, slightly hygroscopic.

Solubility
Very solublein water, soluble in ethanol (96 per cent),
practically insoluble in methylene chloride.

IDENTIFICATION
First identificauMI: A, B.
Second i'dentificatwn: A, C, D.
A. Melting point (2.2./4): 132·C to 135 ·C.

B. Infrared absorption spectrophotometry (2.2.24).

Comparison urea CRS.

C. Dissolve 0.1 g in I mL of waterR. Add I mL of nitric
acid R. A white, crystalline precipitate is formed.
D. Heat 0.5 g in a test rube until it liquefies and the liquid
becomes turbid. Cool, dissolve in a mixture of I mL of dilute
sodiumhydroxide solution R and 10 mL of waterR and add
0.05 mL of copper sulfate solution R. A reddish-violet colour is
produced.

TESTS
Solution S
Dissolve 10.0 g in waterR and dilute to 50 mL with the
same solvent.

Appearance of solution
The solution is clear (2.2./) and colourless (2.2.2,
Method II) .

To 2.5 mL of solution S add 7.5 mL of waterR.

57-/3-660.1

o

"",)lNH,

CH,NzO

Action and use
Keratolytic.

Preparation
Urea Cream

Urea
(ph. Eur. monograph 0743)

DEFINlTION
Undec-Io-enolc acid.

Content
97.0 per cent £0 102.0 per cent.

CHARACfERS
Appearance
White or ve ale ellow c stalllne mass or colourlessor
pale yenew liqUld.

Solubility
Practically insoluble in water, freely soluble in ethanol
(96 per cent) and in fatty and essential oils.

IDENTIFICATION
A. Refractive index (2.2.6): 1.447 to 1.450, determined at
25 ± 0.5 ·C.

B. Freezing point (2.2./1f): 21 ·C to 24 ·C.

C. To 2.0 g add 2 mL of freshly distilled anilineR and boil
under a refluxcondenser for 10 min. Allow to cool and add
30 mL of etherR. Shake with 3 quantities, each of 20 mL, of
dilute hydrochloric acid R and then with 20 mL of woterR.
Evaporate the organic layer to dryness on a water-bath. After
recrystallising twice from ethanol (70 per CellI V/~ R and
drying in VllCW! for 3 h, the residue melts (2.2.14) at 66·C to
68 ·C.

D. Dissolve 0.1 g in a mixture of 2 mL of dilutesulfuric
acid Rand 5 mL of glacial acetic acid R. Add dropwise
0.25 mL of potassium permanganate solution R. The colour of
the potassium permanganate is discharged.

TESTS
Peroxide value (2.5.5, Method A)
Maximum 10.

Fixed and mineral oUs
To 1.0 g add 5 mL of sodium carbonate sotudon Rand 25 mL
of waterR and boil for 3 min. The hot solution is not more
opalescent than reference suspension II (2.2.1).

Water-soluble acldx
To 1.0 g add 20 mL of waterR heated to 35-45 ·C and
shake for 2 min. Cool and filter the aqueous layer through a
moistened filter. To 10 mL of the filtrate add 0.1 mL of
phellolphlholein solution R. Not more than 0.1 mL of 0./ M
sodium hydroxide is required to change the colourof the
indicator.

Degree of unsaturation
Dissolve 85.0 mg in a mixture of 5 mL of dilutehydrochloric
acid Rand 30 mL ofglacial acetic acid R. Using 0.05 mL of
indigo carmine solution Rl as indicator, added' cowards the end
of the titration, titrate with 0.0/67 M bromide-bromate until
the colour changes from blue to yellow. 8.9 mL to 9.4 mL of
0.0/67 M bromide-bromate is tequired. Carry out a blank
titration.

Sulfated ash (2.4./4)
.Maximum 0.1 per cent) determined on 0.50 g.
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II-1258 Urofollitropin

Alkalinity
To 2.5 mL of solution S add 7.5 mL of waterR, 0.1 mL of
methylredsolution Rand 0.4 mL of 0.01 M hydrodJloric acid.
The solution is red to orange.

Biuret
Maximum 0.1 per cent.

To 10 mL of solution S add 5 mL of water R, 0.5 mL of a
5 gIL solution of copper sulfate pentahydnue Rand 0.5 mL of
strong sodium hydroxide solution R. Allow to standfor 5 min.
Any reddish-violet colour in the solution is not more intense
thanthat in a standard prepared at the same time in the
same manner using 10 mL of a 0.2 gILsolution of biurel R.

Ammonium (2.4.1)
Maximum 500 ppm, determined on 0.1 mL of solution S.

Loss on drying (2.2.32)

an oven at 105°C for 1 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, detemiined on 1.0 g.

ASSAY
Dissolve 0.2000 g in waterR and dilute to 50.0 rnLwith the
same solvent. Introduce 1.0 mL of the solution into a
combustion flask. Add 4 g of a powdered mixture of 100 g of
dipotassium sulfate R, 5 g of copper sulfate pentahydrate R and
2.5 g of selenium R, and 3 glass beads. Wash any adhering
particles from the neck into the flask with 5 rnL of sulfuric
acid R, allowing it to run down the sides of the flask, and mix
the contents by rotation. Close the mouth of the flask
loosely, for exampleby means of a glassbulb with a short
stem)to avoidexcessive loss of sulfuric acid. Heat gradually
at first, then increase the temperature until there is vigorous
boiling with condensation of sulfuric acid in the neck of the
flask; takeprecautions to preventthe upperpartof the flask
frombecomingoverheated. Continue the heatingfor 30 min.
Cool, dissolve the solid material by cautiously addingto the
mixture 25 mL of water R, cool againand place in a steam­
distillation apparatus. Add 30 rnL of strong sodium hydroxide
solutwn R and distil immediately by passing steam through
the mixture. Collect the distillate in 15 rnL of a 40 gIL
solution of boric add R to which has been added 0.2 rnLof
methyl redmixedsolution R and enough water R to coverthe
tip of the condenser. Towards the end of thedistillation,
lower the receiver so that the tip of the condenser is above
the surfaceof the acid. Take precautions to prevent any
water on the outer surface of the condenser from reaching
the contentsof the receiver. Titrate the distillate with 0.01 M
sulfuric acid.
I rnLof 0.01 M sulfuri< acid is equivalent to 0.6006 mg of
CH,N20.

STORAGE
In an airtight container.
_____________________ Pf>E"

2022

Urofollitropin
(Ph. Eur. monograph 0958)

97048-13-0

Action and use
Follicle-stimulating hormone.

Preparation
UrofoUitropin Injection

Pf>E" _

DEFINITION
Dried preparation containing menopausal gonadotrophin
obtainedfrom the urine of post-menopausal women. It has
follicle-stimulating activity and no or virtually no luteinising

Potency
Minimum 90 IU of follicle-stimulating hormone (hFSH) per
milligram.

Ratio of me number of units of luteinising hormone (interstitial­
cell-stimulating hormone) [hLH(IGSH)) ta the number of units of
follide-stimulating hormone Maximum 1/60.

PRODUCTION
It is prepared by suitable collectionand extraction procedures
followed by purification steps.

The method of preparation includessteps thathave been
shown to remove and/orinactivate extraneous agents.
In addition, the process is designed to minimise microbial
contamination.

CHARACTERS
Appearance
Almost white or slightly yellowish powder.

Solubility
Soluble in water.

IDENTIFICATION
When administered to immature female rats as prescribed in
the assay, it causes enlargement of the ovaries.

TESTS
Residual lutelnlsing activity
The International Units of FSH andill are the activities
contained in stated amounts of the International Standard of
human urinary follicle-stimulating hormone and luteinising
hormone (interstitial-cell-stimulating hormone) which
consistsof a mixture of a freeze-dried extract of urine of
post-menopausal women with lactose. The equivalence in
International Units of the International Standard is stated by
the World Health Organization.

Use immature female rats approximately 21 days old and
havingmassessuch that the difference between the heaviest
and the lightestrat is not more than 109. Assignthe rats at
random to 4 equalgroups of at least 6 animals. If sets of 4
liner mates are available, assignone liner mate at random
from each set to each groupand mark according to litter.
Injectsubcutaneously into each rat 50 IU of sennn
gonadotrophin R on the first day and 25 ru of chorionic
gonadotrophin R on the fourth day, each in 0.5 rnLof
phosphate-albumin buffered saline pH 7.2 R.
Choose 3 doses of the reference preparation such that the
smallest dose producesa depletion of the ovarian ascorbic
acid content in all the rats and the largest dose does not
producea maximal depletion in all the rats. Use doses in
geometric progression; as an initial approximation) total doses
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of 0.5 IU, 1.0 IU and 2.0 IU may be tried although the dose
to be used will depend on the sensitivity of the animals.

Choose a dose of the preparation to be examined expected to
contain 60 X IU of follicle-stimulating hormone (hFSH), in
which X ;;;; the number of International Units ofhili in the
middle dose of the reference preparation.

Dissolve separately the total quantities of the preparation to
be examined and of the reference preparation in 1.0 mL of
phosphate-albumin buffered sa/ine pH 7.2 R. Inject into a tail
vein (0 each separate group of rats 6 days after the injection
of chorionic gonadotrophin. Exactly 4 h after the injection)
euthanise me rats and remove the ovaries from each animal.
Remove any extraneous fluid and tissue from me ovaries and
weigh the ovaries immediately.

Treat the combined ovaries from each rat separately, as
follows. Crush and homogenise within 2 min in a freshly. . .
temperature of 4 QC and dilute to 7 mL With the same
solution. Allow the homogenate to stand for 30 min at 4 °C
and centrifuge at 4 °C at approximately 2500 g. Filter the
supernatant) if necessary) through a 0.22 JIm filter.

Prepare a fresh solution consisting of a mixture of 2 mL of a
45.3 gIL solution of sodium acetate R adjusted to pH 7 with
acetic acidR, 3 mL of waterR and 2 mL of
di<!liorophenolindophenol standard solution R. Mix 2 mL of this
solution with 2 mL of the clear supernatant. 30 s after
mixing) measure the absorbance (2.2.25) of the solution at
me maximum at about 520 nm. Use as reference a solution
with a known content of ascorbic acidCRS in a 25 gIL
solution of metaphosphoric acidR) created by the same
process.

Calculate the amount of ascorbic acid from the ascorbic acid
standard curve obtained and express in milligrams per 0.1 g
of ovary to obtain the ascorbic acid content of the ovaries.
Calculate the mean and its variance of the ascorbic acid
content of the ovaries of the rats treated with the preparation
to be examined.

For each dose-group of the reference preparation) plot the
mean ascorbic acid content of the ovaries as a function of the
logarithm of the dose and analyse the regression of the
ascorbic acid content on the logarithm of the dose injected)
using standard methods of analysis (the method of least
squares).

The test is not valid unless:
- the slope constant b is significant at the 0.05 significance

level;
- for the groups treated with the reference preparation, the

sum of squares due to linear regression is equal to at least
95 per cent of the total sum of squares of the ascorbic
acid content;

- the within-group variance of the ascorbic acid content of
the group receiving the preparation to be examined is not
significantly different at the 0.05 significance level from
the within-group variance of the ascorbic acid content of
the groups receiving the reference preparation.

The mean ascorbic acid content of the ovaries of the rats
treated with the preparation to be examined is not
significantly lower than that of the rats treated with the
middle dose of the reference preparation (calculated from the
regression equation) at the 0.05 significance level.

Water (2.5.32)
Maxirnwn 5.0 per cent.

Urofollitropin II-1259

Bacterial endoroxlns (2.6.14, Method C)
Less than 0.40 ill per International Unit of urofollitropln, if
intended for use in the manufacture of parenteral
preparations without a further appropriate procedure for the
removal of bacterial endotoxins.

ASSAY
The follicle-stimulating activity of urofollitropin is estimated
by comparing under given conditions its effect in enlarging
the ovaries of immature rats treated with chorionic
gonadotrophin with the same effect of the International
Standard preparation of hwnan urinary follicle-stimulating
hormone and luteinising hormone or of a reference
preparation calibrated in International Units.
The International Units of FSH and LH are the activities
contained in stated amounts of the International Standard of
human urinary follicle-stimulating hormone and luteinising
hormone inte .. .

consists of a mixture of aTreeze-dried extract of unne of
post-menopausal women with lactose. The equivalence in
International Units of the International Standard is stated by
the World Health Organization.

Use immature female rats of the same strain, 19-28 days old)
differing in age by not more than 3 days and having masses
such that the difference between the heaviest and the lightest
rat is not more than 10 g. Assign the rats at random to 6
equal groups of at least 5 animals. If sets of 6 litter mates are
available) assign one litter mate from each set to each group
and mark according to liner.

Choose 3 doses of the reference preparation and 3 doses of
the preparation to be examined such that the smallest dose
produces a positive response in some of the rats and the
largest dose does not produce a maximal response in aU the
rats. Use doses in geometric progression and as an initial
approximation total doses of 1.5 IU, 3.0 IU and 6.0 IU may
be tried although the dose will depend on the sensitivity of
the animals used) which may vary widely.

Dissolve separately the total quantities of the preparation to
be examined and of the reference preparation corresponding
to the daily doses to be used in sufficient phosphate-albumin
buffered saline pH 7.2 R such that the daily dose is
administered in a volume of about 0.5 mL. The buffer
solution shaU contain in the daily dose not less than 14 ill of
chorionic gonadotrophin to ensure complete luteinisation.
Add a suitable antimicrobial preservative such as 4 gIL of
phenol or 0.02 gIL of thiomersal. Store the solutions at
5 ± 3 "C.

Inject subcutaneously into each rat the daily dose aUocated to
its group. Repeat the injection of each dose 24 hand 48 h
after the first injection. About 24 h after the last injection)
euthanise the rats and remove the ovaries from each animal.
Remove any extraneous fluid and tissue from the ovaries and
weigh the 2 combined ovaries of each animal immediately.
Calculate the results by the usual statistical methoda (for
example, 5.3) using the mass of the 2 combined ovaries as
the response (a suitable correction of the organ mass with
reference to the mass of the animal from which it was taken
may be applied; an analysis of covariance may be used).

The estimated potency Is not less than 80 per cent and not
more than 125 per cent of the stated potency.
The confidence limits (P = 0.95) of the estimated potency
are not less than 64 per cent and not more than 156 per cent
of the stated potency.
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PhE" _

___________________ PhE"

CHARACTERS
Appearance
While or almost white, amorphous powder.

Solubility
Soluble in water.

TESTS
Appearance of solution
The solution is clear (2.2.J) and colourless (2.2.2,
MethodJ1).

Dissolve 10 mg in 10 mL of waterR.

I ne urokinase acnVltyanhe inrersectionpointjwhlch
represents the limit concentration for coagulant activity (zero
coagulant activity), is not less than 150 IU/mL.

Molecular fractions
Size-exclusion chromatography (2.2.3{}J.
Test solution Dissolve ahout I mg in 1.0 mL of O. 02 M
phosphate buffersolution pH 8.0 R. Prepare immediately before
use.
Column:
- size: 1= 0.9 m, 0 = 16 mm;
- stationary phase: cross-linked dextran for chromatography R3j
- temperature; 5 "C.
Molnle phase 17.5 gIL solution of sodium chloride R in
0.02 M phosphate buffer solution pH 8.0 R.
Flow rate O. I mUmin.

Applythe test solution to the head of the column rinsing
twicewith 0.5 mL portions of the buffer and cany out the
elution. The eluate may be collected in fractions of 1 mL.
Measure the absorbance (2.2.25) of the eluate at the
maximum at 280 om and plot the individual valueson a
graph. Draw perpendicular lines towards the axis of the
abscissae from the minimabefore the HMM peak, between
the HMM and the LMM peaks, and after the LMM peak,
thus identifying the fractions to be considered in calculating
the HMM/IMM activity ratio. Pool the HMM fractions and,
separately, the LMM fractions. Determine separately me
urokinase activity in International Units of each of the
fraction pools by the method prescribed under Assay.
The ratioof the urokinase activity in the HMM fraction pool
to that in the LM.M. fraction pool is not less than2.0.

Total protein
Determine thenitrogen content, using 10 mg, by memethod
of sulfuric acid digestion (2.5.9) and calculate the quantity of
protein by multiplying by 6.25.

ASSAY •
The potency of urokinase is determined by comparing its
capacity to activate plasminogen to form plasmin with the
same capacity of a reference preparation of urokinase
calibrated in International Units; the formation of plasmin is
measured by the determination of the lysis timeof a fibrin
clot undergiven conditions.
The International Unit is the activity contained in a stated
amount of the International Reference Preparation, which
consists of freeze-dried urokinase with lactose.
The equivalence in International Units of the International
Reference Preparation is stated by the World Health
Organization.

Thromboplastic contaminants
Testsolutions Dissolve suitable quantities of the substance to

be examined in barbital buffersolution pH 7.4 R to obtain
solutions with activities of 5000 IU/mL, 2500 IU/mL,
1250 IU/mL, 625 IU/mL and 312 IU/mL.

To each of 6 haemolysis rubes 1 cm in internal diameter add
0.1 mL of dtratedrabbit plasma R. Allocate the test solutions
I to each of 5 of the tubes; add to each tube 0.1 mL of the
solution aUocated to it and to the 61.h tube add 0.1 mL of
barbital buffersoiution pH 7.4 R (blank). Incubate the tubes at
25 ± 0.5 °C for 5 min and add 0.1 mL of a 3.675 gIL
solution of calcium chloride R. Measure with a stop-watch the
coagulation time for each tube. Plot the shortening of the
recalcification time (clottingtime of the blankminusclotting
timemeasured) against log concentration in International
Units. Extrapolate the best-fitting straight line through the 5

oints until it reaches the 10 -conceneration axis.

**** ** ** *

9039-53-6

Urokinase

Action and use
Plasminogen activator; fibrinolytic; enzyme.

STORAGE
In an airtight container, protected from light, at a
temperature of 2 °C to 8°C. If the substance is sterile, store
in a sterile, airtight, tamper-evident container.

LABELLING
The label Slales:

- the numberof International Units of follicle-stimulating
hormone per container;

- me potency, in International Units of follicle-stimulating
hormone per milligram.

DEFINITION
Enzyme, obtainedfromhuman urine, that activates
plasminogen. It consistsof a mixture of low-molecular-mass
(il<lM) (M, 33 000) and high-molecular-mass (HMM)
(M, 54 000) forms, the high-molecular-mass form being
predominant.

Potency
Minimum 70 000 IU per milligram of protein.

PRODUCTION
It is prepared by suitable collectionand extraction procedures
followed by purification steps.
The method of preparation includes steps that have been
shown to removeand/orinactivate extraneous agents.
In addition, the process is designed to minimise microbial
contamination and vasoactive substances.

IDENTIFICATION
A. Place separately in 2 haemolysis tubes 0.5 mL of citrated
human plasma and 0.5 mL of citrated bovineplasma and
maintain in a water-bath at 37 DC. To each tube add 0.1 mL
of a solution containing a quantity of the substance to be
examined equivalent to 1000 IU/mL in phosphate buffer
soluticn pH 7.4 Rand 0.1 mL ofa solution containing a
quantity of human thrombin R equivalent to 20 IU/mL in
phosphate buffer solution pH 7.4 R. Shake immediately. In both
tubes, a clot forms and lyses within 30 min.
B. Carry out identification by a suitable immunodiffusion
test.

----(Phc-Eur.monograpIr-0695)
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Unless otherwise prescribed, use phosphare buffer solution
pH 7.4 R containing 30 gIL of bouine albumin R for the
preparation of the solutions and dilutions used in the assay.
Test solution Prepare a solution of the substance to be
examined expected to have an activity of 1000 IU/mL.
Reference solution Prepare a solution of a reference
preparation having an activity of 1000 IU/mL.

Keep the test solution and the reference solution in iced
water and use within 6 h. Prepare 3 serial 1.5-folddilutions
of me reference preparation such that the longestclot-lysis
time is less than 20 min and the shortest clot-lysis time is
greater than 3 min. Prepare 3 similar dilutions of me test
solution.Keep the solutions in iced water and use within 1 h.
Use 24 tubes 8 mm in diameter. Label the tubes Th T2 and
T) for the dilutionsof the test solution and Sl> S2 and 83 for
the dilutions of the reference solution, allocating 4 tubes to

Ursodeoxycholic Acid
(ph. Eur. monograph 1275)

392.6

Action and use
Bile acid; treatment of gallstones.

**** ** ** ****

/28-13-2

introduce 0.2 mL of the appropriate dilution, 0.2 mL of
phosphate buffer solution pH 7.4. R containing 30 gIL of bovine
albumin Rand 0.1 mL of a solution of human thrombin R
having an activity of not less than 20 IU/mL. Place the tubes
in a water-hath at 37 °C and allow to standfor 2 min to
attain temperature equilibrium. Using an automatic pipette,
introduce, into the bottom of the I" rube 0.5 mL of a 10 fIL
solution of bovine euglobuHns RJ ensuring mixing. At intervals
of 5 s, introduce successively into the remaining tubes
0.5 mL of a 10 gIL solution of bouine eugwbulins R. Using a
stop-watch, measure for each tube the time in seconds that
elapses between the additionof the euglobulins solution and
the lysis of the clot. Plot the logarithms of the lysis times for
the substance to be examined and for the reference
preparation against the logarithms of the concentration and
calculate the activity of the substance to be examined using
the usual statistical methods.
The estimated potency is not less than90 per cent and not
more than III per cent of the statedpotency.
The confidence limits (P =0.95) of the estimated potency
arenot less than 80 per cent and not more than 125 per cent
of the statedpotency.

STORAGE
In an airtight container, protectedfrom light, at a
temperature not exceeding8 °C. If the substance is sterile,
store in a sterile, airtight, tamper-evident container.

LABELLING
The label states the potency in International Units per
milligram of protein.
_____________________ PhEII

Ursodeoxycholic Acid Capsules
Ursodeoxycholic Acid Tablets

Ursodeoxycholic Acid Oral Suspension

PhEII _

DEFINITION
3a,7/l-Dihydroxy-5/l-eholan-24-oic acid.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Practically insoluble in water, freely soluble in ethanol
(96 per cent), slighdy soluble in acetone, practically insoluble
in methylene chloride.

mp
Ahout 202°C.

IDENTIFICATION
FirstUkntifirarion: A.
Secondidentifiration: B, C.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison ursodeoxycholic acidCRS.
B. Examine the chromatograms obtained in the test for
impurity C.

Results The principal spot in the chromatogram obtained
with test. solution (b) is similar in position) colourand size to
the principal spot in the chromatogram obtained with
reference solution (a).
C. Dissolve about J0 mg in I mL of sulfuric acidR.
Add 0.1 mL offormaldehyde solution R and allow to stand for
5 min. Add 5 mL of waterR. The suspension obtained is
greenish-blue.

TESTS
Specific optical rotation (2.2.7)
+ 58.0 to + 62.0 (dried substance).

Dissolve 0.500 g in anhydrous ethanol R and dilute to
25.0 mL with the same solvent.

Impurity C
Thin-layer chromatography (2.2.27).

Solventmixture water R, acetone R (10:90 VIV).

Test solution (a) Dissolve 0.40 g of the substance to be
examined in the solvent mixture and dilute to 10 mL with
the solvent mixture.
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Test solution (b) Dilute 1 mL of test solution (a) to 10 mL
with the solvent mixture.

Reference solution (a) Dissolve 40 mg of ursodeoxycholic
acid CRS in the solventmixture and dilute to 10 mL with me
solvent mixture.

Reference solution (b) Dissolve 20 mg of lithocholic acidCRS
(impurity C) in the solvent mixture and dilute to 10.0 mL
with the solvent mixture (solution A). Dilute 2.0 mL of this
solution to 100.0 mL with the solventmixture.
Reference solution (c) To 5 mL of solution A add 10 mg of
chenodeoxycholic acidCRS (impurity A) and dilute to 50 mL
with the solvent mixture.
Plate TLC silica gelplate R.

Mobile phase glacial acetic acid R, acetone R, methylene
chlorideR (l :30:60 VIV/II).

Relative retention With reference to ursodeoxycholic acid
(retention time = about 14 min): impurity H = about 0.9;
impurity A = about 2.8.

System suitability Reference solution (a):
- resolution: minimum 1.5 between the peaks due to

impurity Hand ursodeoxycholic acid.
Limits:
- impun"ty A: not more than 10 times the area of the

principal peak in the chromatogram obtained with
reference solution (b) (1.0 per cent);

- unspecified impurities: for each impurity) not more than the
area of the principal peak in the chromatogram obtained
withreference solution (b) (0.10 per cent);

- total: not more than 15 times the area of the principal
peakin me chromatogram obtained with reference
solution (b) (1.5 per cent);. .

B. 3,,7,,12,-trihydroxy-5I}-cholan-24-oic acid (cholic acid),

A. 3~,7~-dihydroxy-5p-cholan-24-oic acid (chenodeoxycholic
acid),

the chromatogram obtainedwith reference solution (b)
(0.05 per cent).

Loss on dryIng (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Co,H

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.350 g in 50 mL of ethanol (96 perunt) R,
previously neutralised to 0.2 mL of phenolphthalein solution R.
Add 50 mL of waterR and titrate with 0.1 M sodium
hydroxide until a pink colour is obtained.
1 mL of 0.1 M sodium hydroxide is equivalent to 39.26 mg of
C,.,H••O•.

IMPURITIES
Specified impun·u.s A, G.

Otherdetectable impurities (the following substances would, '1
present at a suffident It'lJel) be deucted by one or other of the tests
in themonograph, They are limited by thegeneral acuptatree
criteriou for other/unspecified impurities and/or ~ thegeneral
mouograph Substances forpharmaceutical use (2034). It is
therefore not necessary to identify these ;mpun"ties for
demonstration of compliance. See also 5.10. Coutrol of impuriu.s
in substances forpharmaceutical use) B) D) E) F) G) H) 1.

HO--i -....../1·,/'1

H H

Development Over 2/3 of the plate.

Drying At 120 °C for 10 min.
Detection Spray immediately with a 47.6 gIL solution of
phosphomolybdic acidR in a mixture of I volume of sulfuric
acid Rand 20 volumes ofglacial acetic acid R and heal at
120 °C until blue spots appear on a lighter background.

Systemsuiuzbility Reference solution (c):
- the chromatogram shows 2 clearly separated principal

spots.

Limit Test solution (a):
- impun"ty C: any spot due (Q impurity C is not more

intense than the principal spot in the chromatogram
obtained with reference solution (b) (0.1 per cent).

Related substances
Liquid chromatography (2.2.29).

Solvent mixture methanol R, mobile phase (10:90 V/II).

Testsolution Dissolve 60 mg of the substance to be
examinedin the solventmixture and dilute to 20.0 mL with
the solvent mixture.
Reference solution (aJ Dissolve the contentsof a vial of
ursodeoxycholic acidfor sys,.m suitability CRS (containing
impurities A and H) in 1.0 mL of the solvent mixture.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Column:
- size: / = 0.25 m, 0 = 4.6 nun;
- stationary phase: end-capped octade<y/silyl silica gelfor

chromatography R (5 JlIIl);
- temperature: 40°C ± 1 QC.

1\t1.obile phase Mix 30 volumes of acetonitrile R, 37 volumes
of a 0.78 gIL solution of sodium dihydrogen phospha,.R
adjusted to pH 3 with phosphoric acidR, and 40 volumes of
methanol R.
Flow ra,. 0.8 mIlmin.
Detection Refractometer at 35 ± 1°C.
Injection 150 ~L.

Run time 4 times the retention time of ursodeoxycholic
acid.
ldenofiauion of impurities Use the chromatogram supplied
with ursodeoxycholic acidfor system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A and H.
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OH

C. 3~-hydroxy-5~-cholan-24-oic acid (lithocholic acid), I. 5~-cholane-~,7~,24-triol.

Co.H

___________________ ""'II

Valaciclovir Hydrochloride
(ph. Bur. monograph 1768)

""'II _

Action and use
Purine nucleoside analogue; antiviral (herpesviruses).

Preparation
Valaciclovir Tablets

124832-27-5

• HCI

360.8

co,H

D. 3~,7~,12~-trihydroxy-5Jl_cholan-24-oic acid (ursocholic
acid),

E. 3~,12~-dihydroxy-5~-cholan-24-oic acid (deoxycholic
acid),

F. 3~-hydroxy-7-oxo-5~-cholan-24-oic acid,

G. methyl 3~,7~-dihydroxy-5~-cholan-24-oate,

DEFINITION
2-[(2-Amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxy]ethyl
L-valinale hydrochloride.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water, slightly soluble in anhydrous ethanol.
It shows polymorphism (5.9).

IDENTIFICATION
Carry out either tests A, B, C, E or tests A, B, D, E.
A. Infrared absorption spectrophotometry (2.2.24).
Comparison anhydrous oolacidooir hydrochloride CRS.
If the spectra obtained in the solid state show differences,
dissolve the substance [0 he examined and the reference
substance separately in the minimum volume of anhydrous
ethanol R and evaporate to dryness in a desiccator, under
high vacuum, overdiphosphorus pentoxide R. Record new
spectra using the residues.
B. It gives reaction (a) of chlorides (2.3.1).

C. It complieswith the limit for impurity R given in test A
for related substances.
D. Optical rotation (2.2.7): laevcrotatory.

Dissolve 2.50 g in waterR and dilute to 50.0 mL with, the
same solvent.
E. Water (see Tests).

TESTS
Impurities E, F and G
Thin-layer chromatography (2.2.27).

CO,H

Co.H

H. 3~,7Jl_dihydroxy-5~-cholan-24-oic acid,
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Test solution Dissolve 0.250 g of the substance to be
examined in 2 mL of water R and dilute to 5.0 mL with
ethallol (96 perWI!! R.
Reference solution (a) Dissolve 5 mg of va/acidovir
impurity D CRS, 5.0 mg of valacidooir impun'ty E CRS,
5.0 mg of valacidooir impurity G CRS and 8.4 mg of
valacidovir~mpun"ty F para-toluenesulfonate CRS in a mixture
of 2 mL of waterRand 6 mL of ethallol (96 per Cell!! R, and
dilute to 10.0 mL with ethallol (96 per Cell!! R.
Reference solution (b) Dilute 3.0 rnL of reference solution (a)
to 10.0 mL with ethallol (96 per cell!! R.
Reference solution (c) Dilute 2.0 mL of reference solution(a)
to 10.0 rnL with ethallol (96 per cell!! R.
Reference solulion (d) Dilute 0.5 mL of reference solution (a)
to 10.0 mL with ethanol(96 per CeliO R.

Pretreatment Wash the platewith methanol R until the
solvent front has migrated over at least 4/5 of the plate; allow
the plate to dry.

Mobile phase concentrated ammonia R, tetrahydrofuran R)
methanol R, methykne chloride R (3:12:34:54 VIVIVIV); use
freshly prepared mobile phase.

ApplUation 4 J.1L of the test solution and reference
solutions (b), (c) and (d).

Deudopment Over 4/5 of the plate.

Drying In a current of air.
Detection Examine in ultraviolet light at 254 nm for
impurities E and G; spray with a 0.1 gIL solutionof
fiuorescamine R in ethylene chloride R and examine in
ultraviolet light at 365 nm for impurity F.

Retardation facum Impurity A = about OJ
impurity B :;;; about 0.2; valaciclovir :;;; about 0.3;
impurity C =ahout 0.5; impurity D =about 0.6;
impurity E =about 0.7; impurity F = about 0.75;
impurity G = about 0.79; impurity C is masked by the
leading edge of the spot due to valaciclovir; impurities F and
G may co-elute) but this does not adversely affect their
quantification because theyare visualised differently.
System suitability The chromatograms obtained with
reference solutions (b), (c) and (d) each show 3 clearly
separated spots when examined underultraviolet lightat
254 om) due to impurities D, E and G.
Limits:
- impun·ty E: any spot due to impurity E is not moreintense

than the corresponding spot in the chromatogram
obtained wilh reference solution (c) (0.2 per cent);

- impurity F: any spot due to impurity F is not more intense
than the corresponding spot in the chromatogram
obtained with reference solution (b) (0.3 per cent
calculated as hydrochloride salt);

- impurity G: any spot due to impurity G is not more
intense than the corresponding spot in me chromatogram
obtained with reference solution (d) (0.05 per cent).

Related substances
A. Impurities A) B) I and R. Liquid chromatography
(2.2.29): use the normalisation procedure.
Testsolutio" Dissolve 50.0 mg of the substance to be
examined in a 0.5 per cent VIV solution of hydrochloric acidR
and dilute to 100.0 mL with the same solution.
Reference solution (a) Dissolve 2.5 mg of valaciciO'lJir for
system suitability CRS (containing impurities A) B) C) D) H) I)
J, M and R) in a 0.5 per cent VIV solution of hydrochloric
addR and dilute to 5.0 mL with the same solution.

2022

Reference solution (b) Dissolve 50.0 mg of anhydrous
valaci<!ovir hydrochloride CRS in a 0.5 per cent VIV solution
of hydrochloric acidR and dilute to 100.0 mL with the same
solution.
Reference solution (c) Dilute 3.0 mL of me test solutionto
100.0 rnL with a 0.5 per cent VIV solution of hydrochloric
acid R. Dilute 1.0 rnL of this solution to 100.0 rnL with a
0.5 per cent VIV solution of hydrochloric acidR.
Column:

- size: I:;;; 0.15 m, 0 = 4.0 mrn;
- stationary phase: crown-ether silica gelfor chiral

separation R (5 urn);
- temperature: 10 °C.

klobile phase perchlotic acidR, methanol R) waterfor
chromatography R (0.5:5:95 VIVIV).

Flow rale 0.75 mUmin.

Detection Spectrop otometer at 254 om.

Injection 10 J.lI... of the test solution and reference
solutions (a) and (c).

Run. time 1.5 times the retention time of valaclclovir.
Identification of impunties Use me chromatogram supplied
with fJalaci<!ovir for system suirability CRS and the
chromatogram obtained withreference solution (a) to
identifythe peaks due to impurities A + B) C + R) D) I
andM.

Relative retention With reference to valaciclovir (retention
time > about 21 min): impurities A and B = about 0.2;
impurity I = about 0.4; impurities C andR :;;; about 0.6;
impurity D =about 0.7; impurity M =about 1.3.

System suitability Reference solution (a):
- peak-ra-valley ratio: minimum 1.5, where Hp =height

above thebaseline of thepeakdue to impurity D and
Hf} :;;; height above the baseline of the lowestpoint of
the curve separating this peakfrom the peakdue to
impurities C and R.

Limits:
- correction [actor: for the calculation of content) multiply

the peak area of impurities A and B by 0.7;
- impurity R: maximum 3.0 percent; for the calculation)

subtract the contentof impurity C as determined in
test B for related substances from the contentof the
coeluting impurities C andR as determined in this
tes~

- sum of impurities A and B: maximum 2.0 per cent;
- impun·'Y I: maximum 0.2 percent;
- disregard h"mit: the area of the principal peak in the

chromatogram obtained with reference solution (c)
(0.03 per cent); disregard anypeaks due to impurities
other than A + B, C + R or I.

B. Liquid chromatography (2.2.29): use the normalisation
procedure. Use the solutions within 24 h of preparatkm.
Soloent mixture - ethanol (96 per <en!! R, waterR (20:80 VIV).

Test solution Dissolve 40 mg of the substance to be
examinedin the solvent mixture and diluteto 100.0 mL with
the solventmixture.
Reference solutwn (a) Dissolve 2.5 mg of valaciclovir for
system swiability CRS (containing impurities A, B) C, D) H) I)
J. M and R) in the solvent mixture and dilute to 5.0 rnL with
the solvent mixture.
Reference solution (b) Dilute 1.0 rnL of the test solution to
100.0 rnL with the solvent mixture. Dilute 1.0 rnL of this
solution to 20.0 mL with the solvent mixture.
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Column:
- size: 1= 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: end-capped phenylhe<y/si/yl silica gelfor

chromatography R (5 urn);
- temperature: 15 DC.

Mobile phase:
- mobile phaseA: tnjluoroateiU add R, waterfor

chromatography R (0.2:100 VIII);
- mobile phase B: trifluoroacetic acidR, methanol R2

(0.2:100 VIII);

Time
(min)

Mobile pbase A
(per cent V/J?

90

90 --> 60

Mobile phase B
(per cent VIV)

10

10 -4 40

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid cbsomatography (2.2.29) as described in test A for
related substances with the following modification.

Injection Test solution and reference solution (b).

Calculate the percentage content ofC13H21CJN604 taking
into account the assigned content of anhydrous valacidooir
hydrochloride CRS.

IMPURITIES
Specified impumies A, B, C, D, E, F, G, H, I,], M, R.
Otherdetectable impurities (the following substances wauld, if
present at a sufficient level, be detected by one or other of the rests

Detection Spectrophotometer at 254 nm.

Injection 10 flL.
Identification of impurities Use the chromatogram supplied
with valade/wir for system suitability CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A, B, C, D, H, I, J
andM.

Re/ativertttntion With reference to valaciclovir (retention
time =about 19 min): impurity A = about 0.3;
impurity B =about 0.4; impurity H = about 0.5;
impurity C =about 1.06; impurity I =about 1.09;
impurity D ::::: about 1.2; impurity J =about 1.3;
impurity M =about 1.6,

Systemsuitability Reference solution(a):
- peak-~a1/ey rario: minimum 2.5, where Hp =height

above the baseline of the peak due to impurity C and
HfJ ;;;;: height above the baseline of the lowest point of
the curve separating this peak from the peak due to
valaciclovir;

- the chromatogram obtained is similar to the
chromatogram supplied with vaJadduvir for system
suitability CRS.

Limits:
- impun"ty M: maximum 1.5 per cent;
- impurity D: maximum 0.5 per cent;
- impun'ty c: maximum 0.3 per cent;
- impuniies H, J: for each impurity, maximum

0"10 per cent;
- unspecified impuruies: for each impurity, maximum

0.05 per cent;
- disregard limit: 0.6 times the area of the principal peak

in the chromatogram obtained with reference
solution (b) (0.03 per cent); disregard the peaks due
to impurities A, B and I.

Limit:
- total for testsA and B: maximum 5.0 per cent.

Chloride
9.4 to 9.9 per cent (anhydrous and solvent-free substance).

Dissolve 0.350 g in 100 mL of water R and add 0.2 mL of
nimc acidR. Carry out a potentiometric titration (2"2.20),
using 0.1 lH silver nitrate. Use a silver indicator electrode and
a silver-silver chloride reference electrode or a combined
silver electrode" Discard the result from the first titration,
which is used to condition the electrodes. Carry out a blank
titration.

1 mL of 0.1 M silver nitrate is equivalent to 3"543 mg of Cl.

-tn- e-monogm re-lm gen nee
criterion for otherlumpuified impun"ties and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impuniies for
demonstration of compliance. See also 5.10" Conlrol of impurities
in substances for phannaceutical use) K, LJ N, 0, P, Q.

o

HNJC>
H2N

AN ~
A. 2-amino-I,9-dihydro-6H-purin-6-one (guanine),

o

H7:t
N>

OH
H,N~N N ~

'-0
B. 2-amino-9-[(2-hydroxyethoxy)methyl]-1,9-dihydro-6H­

purin-6-one (acic1ovir),

H3C,

H7~N> O~:::
~N~NJ-N ~ 0

'-0
C.2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxy)

ethyl N-methyl-L-valinate,

"""-

:xo H,C ~.NHCH,
HN NAI> 0 CH,
~NNN~O'-0

D.2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxy)
ethyl N-ethyl-L-valinate,

YI
"'" 0

Y--

:xo 0 ~.NHCH,
HN N
~I> 0 CH,

Ii<:N ""'N N ~ 0'-0
E. 2-[(2-amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxy)

ethyl N-[(benzyloxy)carbonyJ)-L-Valinale,
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F. 2-hydroxyethyl r-valinate,

G. N,N-dimethylpyridin-4-amine,

°
HN~N>
A J-N

N. 2-[[6-oxo-2-[[[(6-oxo-6,9-dihydro-l H-purin-2-yl)amino)
methyljaminoj-l,6-dihydro-9H-purin-9-yljmethoxy)ethyl
t-vallnate,

/:

0 :xo ~.NH, CH,
HO N N'><1;: '1 1> ° CH,

<- N N N/'--N N N ~ °
oJ H H '-0

O. 2_[[2_[([[9_[(2_hydroxyethoxy)methylj-6-oxo-6,9-dihydro­
. _ _ 1amino meth 1amino -6-oxo-1 6-dih dro-

--97fPUrifi-9:Yl)mellioxy)eIhl'l L-vahnate, --------

H.2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxy)
ethyl t-alaninare,

I. 2-[(2-amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxyj
ethyl acetate,

J. 2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxy)
ethyl L-isoleucinate,

K. 9-[(2-hydroxyethoxy)methyl)-2-[([(6-oxo-6,9-dihydro-IH­
purin-2-yl)aminojmethyl)amino)-1,9-dihydro-6H-purin-6­
one,

L. 2,2'-(methylenediazanediyl)bis[9-[(2-hydroxyethoxy)
methylj-I,9-dihydro-6H-purin-6-oneL

M. 2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxy)
ethyl N~fonnyl-L-valinate,

P. [methylenebis[azanediyl(6-oxo-I,6-dihydro-9H-purine-2,9­
diyl)methyleneoxyethan-2,I-diyl)) di-L-valinate,

Q.2-[(2-amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxyj
ethyl N-[[(6-oxo-6,9-dihydro-IH-purin-2-yl)amino)
methyJ]-L-valinate,

R. 2-[(2-amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxyj
ethyl n-valinate.

__________________ Phf<r

www.webofpharma.com



2022 Vaiaciclovir Hydrochloride Hydrate 11-1267

Valaciclovir Hydrochloride Hydrate
Valaciclovir Hydrochloride, Hydrated
(Ph. Eur. monograph 2751)

HN~I \ 0 H'RcCHH3 • HC' • xH
20J",J- / -{, 3

H2NNN~O"-0
C13H2,C1N,O,,xH20 360.8 1218948-84-5

(anhydrous substance)

Action and use
Purine nucleoside analogue; antiviral (herpesviruses).

J.Hobile phase concentrated ammonia R, tetrahydrofuran R,
methanol R, methylene chloride R (3:12:34:54 VIVIVIV); use
freshly prepared mobilephase.
Application 4 IJL.
Development Over 4/5 of the plate.

Drying In a current of air.
Deuaion Examine in ultraviolet lightat 254 om.
Retardation faaon Valaciclovir = about 0.3;
impurity S =about 0.7; impurity G =about 0.8.

System suitability The chromatogram obtained with the
reference solutionshows 2 clearly separated spots due to
impurities Sand G.
Limits:
- impun"ty G: any spot due to impurity G is not more

intense than the corresponding spot in the chromatogram.. .

PhE<r _

Reference solution (c) Dilute 3.0 mL of the test solution to
100.0 mL with a 0.5 per cent VIV solution of hydrochloric
acid R. Dilute 1.0 mL ofthis solution to 100.0 mL with a
0.5 per cent VIV solution of hydrochlori< acidR.
Column:

- size: I:::: 0.15 ill, 0 :::: 4.0 mm;
- stationary phase: crown-ether silica gd forchiral

separation R (5 pm),
- temperature: 10 "C.

Mobile phase perchioric acid R, methanol R, waterfor
chromatography R (0.5:5:95 VIVIV).

Flow rate 0.75 mUmin.
Detection Spectrophotometer at 254 nm.

Injection 10 J.1L of the test solution and reference
solutions (a) and (c).

Runtime 1.5 times the retention time of valaciclovir.
Identification of impumies Use the chromatogram supplied
with valaciclovir for system suiwbi!ity CRS and the
chromatogram obtainedwith reference solution (a) to
identify the peaks due to impurities A + B, C + R, 0
andM.

Rdauve retention Withreference to valaciclovir (retention
time e about 17 min): impurities A and B ;;;; about 0.2;
impurities C and R;;;; about 0.6; impurity D ;;;; about 0.7;
impurity M = about 1.3.

System suitabl7ity Reference solution (a):
- peak-to-voJley ratio: minimum 1.5, where Hp = height

above the baselineof the peakdue to impurity D and
H; :::: height above thebaseline of the lowestpoint of

---~mpunly S: any spot due to impurity S IS not more intense
than the corresponding spot in the chromatogram
obtained with the reference solution (0.05 per cent).

Related substances
A. Liquid chromatography (2.2.29): use the normalisation
procedure.
Test solutwn Dissolve 50.0 mg of the substance to be
examined in a 0.5 per cent VIV solution of hydrochloric acid R
and dilute to 100.0 mL with the same solution.
Reference solution (a) Dissolve 2.5 mg of valaciclovir for
system suitability CRS (containing impurities A, B, C, D,
H, M and R) in a 0.5 per cent VIV solution of hydrochloric
acid R and dilute to 5.0 mL with the same solution.
Reference solution (b) Dissolve 50.0 mg of anhydrous
valaciclovir hydrochloniJe CRS in a 0.5 per cent VIV solution
of hydrochlori< acidRand dilute to 100.0 mL with the same
solution.

DEFINITION
2-[(2-Amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxyjethyl
L-valinate hydrochloride hydrate.

Content
95.0 per cent to 102.0 per cent (anhydrous substance).

It contains a variable quantity of water.

CHARACTERS
Appearance
White or almost white powder, hygroscopic.

Solubility
Freely soluble in water, very slightly soluble in anhydrous
ethanol, practically insoluble in acetonitrile.
It shows polymorphism (5.9).

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolvethe substance to be examined in the
minimum volume of waterRJ evaporate to dryness at room
temperature and record the spectrum using the residue.

Comparison Repeat the operations using anhydrous
voJaciclovir hydrochloride CRS.

B. It complies with the limit for impurity R (see test A for
related substances).
C. Water (see Tests).

D. It gives reaction (a) of cblorides (2.3.1).

TESTS
Impurities G and S
Thin-layer chromatography (2.2.27).

Testsolution Dissolve 0.250 g of the substance to be
examined in 2 mL of water R and dilute to 5.0 mL with
ethanol(96 per cenV R.

Reference solution Dissolve 5.0 mg of valade/wir
impurity G CRS and 5.0 mg of valaciclovir impurity S CRS in
a mixture of 2 mL of water Rand 6 mL of ethanol
(96 percenVR and dilute to 10.0 mL with ethanol
(96 percenV R. Dilute 0.5 mL of the sulution to 10.0 mL
with ethanol (96 percenV R.

Plate TLC silicagd F2S4plate R (2-10 urn).

Pretreatment Wash the plate with methanol R until the
solvent front has migrated over at least 4/5 of the plate; allow
to dry in air.

------V:iliiCiCIOVirTaoIets
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the curve separating this peakfrom the peakdue to
impurities C and R.

Limits:
- correction foetor: for the calculation of content,multiply

the peakarea of impurities A and B by 0.7;
- ;mpun"ty R: maximum 3.0 per cent; for the calculation)

subtract the content of impurity C as determined in
test B for related substances from the contentof the
coeluting impurities C and R as determined in this
test;

- sum of ;mpun",Us A andB: maximum 2.0 per cent;
- disregard limit: the area of the principal peak in the

chromatogram obtained with reference solution (c)
(0.03 per cent); disregard anypeaks due to impurities
other than A + Band C + R.

B. Liquid chromatography (2.2.29): use the normalisation. .

Solvem mixture ethanol (96 per <enO R, water R (20:80 VII').
Test solution Dissolve 80 mg of the substance to be
examined in the solvent mixture and dilute [0 100.0 mLwith
the solventmixture.
Reference solution (a) Dissolve 1.6 mg of valaci<lovir for
system suirability CRS (containing impurities A, B, C, D,
H, M and R) in the solvent mixture and dilute to 2.0 mL
with the solventmixture.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 20.0 mL with the solvent mixture.
Reference solution (c) Dissolve 2 mg of valaciclovir
impuniy P CRS in the solvent mixture and dilute to 25.0 mL
with the solventmixture. Dilute 1.0 mL of the solution to
100.0 mL with the solvent mixture.

Column:
- size: I = 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped phenylhexy/silyl silica gelfor

chromatography R (5 I'm);
- temperature: 15 "C.

Mobil, phase:
- mobile phase A: mjluoroacetic add R, waterfor

chromatography R (0.2: 100 VII');
- mobile phase B: tn'fiuoroacetk acid R, methanol R2

(0.2:100 VII');

Time Moblle phase A Moblle phllSe B
(min) (per cent VIJI) (per cent V/J?

0-' 90 10·

5·35 90 ..... 60 10 ..... 40

35·45 60 40

Flaw rate 0.8 mUmin.

Detection Spectrophotometer at 254 om.
Inje<tion 10 1'1-.
Identification of impurities Use the chromatogram supplied
with vaiacid011ir for system suitabili!)l CRS and the
chromatogram obtainedwith reference solution (a) to
identify the peaks due to impurities A, BJ CJ D, H and Mj
use the chromatogram obtained with reference solution (c) to
identify the peak due to impurity P.

Relative retention With reference to valaciclovir (retention
time = about 20 min): impurity A = about 0.3;
impurity B =about 0.4; impurity H =about 0.5;
impurity C =about 1.06; impurity D =about 1.2;
impurity M =about 1.6; impurity P =about 2.0.

2022

System suitability Reference solution (a):
- peak-to-valley ratio: minimum 2.0J where Hp = height

above the baseline of thepeakdue to impurity C and
H; =: heightabove the baseline of the lowest point of
the curve separating thispeak from the peakdue to
valaciclovir.

Limits:
- impun'ty M: maximwn 0.6 per cent;
- impun'ty D: maximum 0.3 percent;
- impun'ly C: maximum 0.2 per cent;
- impurities H, P: for each impurity, maximum

0.10 per cent;
- unspecified impuruies: for each impurity, maximum

0.05 per cent;
- disregard limit: 0.6 times the area of the principal peak

in the chromatogram obtained with reference
u i 0.03 er centu dlsre ard the eaks due

Limit:
- {(Jta/ for testsA and B: maximum 4.0 per cent,

Water (2.5.11)
4.5 per cent to 11.0 per cent, determined on 0.100 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in test A for
related substances with the following modification,
Injection Test solution and reference solution (b).

Calculate the percentage contentof C13H21CIN604 taking
into account the assigned contentof anhydrous wlacidwir
hydrochloride CRS.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities AJ B.. C, D, G, H, M, P, R, S.
Other detectable impurities (the following substances fOOuld, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They arelimited by thegeneral acceptance
criunon for atherlunspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary tQ identify these impuruies for
demonstration of compliance. See also 5.10. Control of impurities
in substances for pharmaceutical use) 1..J, N.

A. 2-amino-l,9-dihydro-6H-purin-6-one (guaniI,'e).

o

H7:J:N>. OH
HN'"""N N -./

2 Lr
B. 2-amino-9-[(2-hydroxyethoxy)methyl]-1,9-clihydro-6H­

purin-e-one (aciclovir),
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C.2-[(2-amino-6-oxo-l,6-dihydr0-9H-purin-9-yl)methoxy]
ethylN-methyl-L-valinate,

D.2-[(2-amino-6-oxo-I,6-dihydr0-9H-purin-9-yl)methoxyJ
ethylN-emY]-L-valinate,

G. N,N-dimethylpyridin-4-amine,

Valine 11-1269

P. [methylenebis[azanediyl(6-oxo-I,6-dihydro-9H-purine-2,9­
diyl)methyleneoxyethan-2, l-diyl]] di-j.-vafinate,

HtlyN> :1-<:::
H2N~NJlN r:' a

'--0
R. 2-[(2-amino-6-oxo-l,6-dihydro-9H-purin-9-yl)methoxy]

e -D-va ate,

S. 2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxyJ
ethyl N-(tert-butoxycarbonyl)-L-valinate.

__________________ "'E"

H.2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxyJ
ethylr-alanlnate,

I. 2-[(2-amino-6-oxo-I,6-dibydro-9H-purin-9-yl)methoxy]
ethylacetate,

Valine
(Ph. Bur. monograph 0796)

H NH2
He... X

3 'I 'C0:2H

CH,

"'E" _

Action and use
Amino acid.

117.1 72-1t-4

J. 2-[(2-amino-6-oxo-I,6-dihydro-9H-purin-9-yl)methoxyJ
ethyl L-isoleucinate,

O
OHC ....

:x ~
.NH CH,

HN NAI> 0 CH,
~N N N ~ 0

'--0

M. 2-[(2-amino-6-oxo-l ,6-dibydro-9H-purin-9-yl)methoxy]
ethylN-Connyl-L-valinate,

N. 2-[[6-oxo-2-[[[(6-ox0-6,9-dihydro-IH-purin-2-yl)aminoJ
methyl)aminoJ-I,6-dihydro-9H-purin-9-yl]methoxy]ethyl
L-valinate,

DEFINITION
(2S)-2-Amino-3-methylbutanoic acid.

Productof fermentation or of protein hydrolysis.

Content
98.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance.
White or almost white,crystalline powderor colourless
crystals.

Solubillty
Soluble in water, veryslightly soluble in ethanol
(96 per cent).

IDENTIFICATION
First identification: A, B.

Second idenufication: A, C.
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison valine CRS.
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II-1270 Valine

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in a 10.3 f!IL solution of hydrodliori< acidRand
dilute to 50 mL with the same solution.

Reference solution Dissolve 10 mg of valine CRS In a
10.3 f!IL solution of hydrochlori< acidR and dilute to 50 mL
with the same solution.
Plal< TLG silica gelpial< R.
Mobile phase glacial acetic acidR, water R, butanol R
(20:20:60 VIVII')

Application 5 IlL.
Development Over 2/3 of the plate.

Drying In air.

Detection Spray with ninhydn'n solution R and heat at 105°C
for 15 min.
Resulu--The-principal spot-in the chromat-ogram 6 tame
with the test solutionis similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution. .

TESTS
Solution S
Dissolve 2.5 g in waterR and dilute to 100 mL wirh the
same solvent.

Appearance of solution
SolutionS is clear (2.2.1) and not more intensely coloured
than reference solution BY. (2.2.2, Metlwd I/).

Specific optical rotation (2.2.7)
+ 26.5 to + 29.0 (dried substance).

Dissolve 2.00 g in hydrochldri< acid Rl and dilute to 25.0 mL
with the same acid.

Ninhydrin-posItive substances
Amino acid analysis (2.2.56). For analysis, use Method 1.
The concentrations of the test solution and the reference
solutions may be adapted according to the sensitivity of the
equipment used. The concentrations of all solutions are
adjusted so that the system suitability requirements described
in general chapter 2.2.46 are fulfilled, keeping the ratios of
concentrations between aU solutions as described.
Solution A dilute hydrochloriJ; acid Rl or a sample preparation
buffer suitable for the apparatus used.
Test solution Dissolve 30.0 mg of the substance to be
examined in solutionA and dilute to 50.0 mL with
solutionA.
Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 2.0 mL of this solution 10

10.0 mL with solution A.
Reference solution (b) Dissolve 30.0 mg of proline R in
solutionA and dilute to 100.0 mL with solution A. Dilute
1.0 mL of the solution to 250.0 mL with solution A.
Reference solution (c) Dilute 6.0 mL of ammonium standard
solution (l00 ppm NH.,) R to 50.0 mL with solution A. Dilute
1.0 mL of this solution 10 100.0 mL with solution A.
Reference solution (d) Dissolve 30 mg of isoleucine R
(impurity B) and 30 mg of leucine R (impurity C) in
solution A and dilute 10 50.0 mL with solution A. Dilute
1.0 mL of the solution to 200.0 mL with solution A.

Reference solution (e) Dissolve 30.0 mg of isoleucine R
(impurity B) in solution A and dilute to 100.0 mL with
solution A. Dilute 1.0 mL of the solution to 250.0 mL with
solutionA.
Blank solution Solution A.

2022

Injectsuitable, equalamounts of the test, blank andreference
solutions into the amino acid analyser. Run a program
suitable for the determination of physiological amino acids.
Syuem suitabIlity Reference solution (d):
- resolution: minimum 1.5 between the peaks due to

impurities Band C.
Calculation 0/percentage contents:
- for impurity B, use the concentration of impurity B in

reference solution (e);
- for any ninhydrin-positive substance detectedat 570 om,

use the concentration of valine in reference solution (a);
- for any ninhydrin-positive substance detected at 440 nm,

use the concentration of proline in reference solution (b);
if a peak is above the reporting threshold at both
wavelengths, use the result obtained at 570 nm for
quantification.

impun'ty B at 570 nm: maximum 0.4 percent;
- any ninhydrin-positive substance: for each Impurity,

maximum 0.2 per cent;
- total: maximum 1.0 percent;
- reporting threshold: 0.05 per cent.

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances/or
phannaceutical use (2034) do not apply.

Chlorides (2.4.4)
Maximum 200 ppm.

Dilute JO mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 300 ppm.

Dissolve 0.5 g in distilled water R and dilute to 15 mL with
the same solvent.

Ammonium
Amino acid analysis (2.2.56) as described in the test for
ninhydrin-positive substances with the following
modifications.
Injection Test solution,reference solution (c) and blank.
solution.
Limit:
- ammonium at 570 nm: not more thanthe area of the

corresponding peakin the chromatogram obtained with
reference solution (c) (0.02 percent), taking into account
the peak due to ammonium in the chromatogram
obtained with the blank solution.

Iron (2.4.9)
Maximum 10 ppm.

In a separating funnel, dissolve 1.0 g in 10 mL of dilul<
hydrochloriJ; acid R. Shake with 3 quantities, each of 10 ml.,
of methyl isobutyl ketone Rl, shaking for 3 min each time.
To the combined organic layers add 10 mL of waterRand
shakefor 3 min. Use the aqueous layer.

Loss on drying '(2.2.32)
Maximum 0.5 per cent, detennined on 1.000 g by drying in
an oven at 105 DC.

Sulfuted ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 3 mL of anhydrous/onnie acidR.
Add 30 mL of anhydrous acetic acid R. Titrate with 0.1 M
perchloric acid, determining the end-point potentiometrically
(2.2.20).
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2022 Valproic Acid 1I-1271

1 mL of 0.1 AI perchkmc acidis equivalent to 11.71 mg of
C,HlIN02.

STORAGE
Protected from light.

IMPURITIES
Specified impurities B.
Otherdetectable impurities (thejolwwingsubstances would, if
present at a sufficient level, be detected by one or other 0/the tests
in the monograph. They an'limited by the general acceptance
cruetion for other/unspecified impurities, It is therefore not
necessary to identify these impurities for demonstration of
compliance. See also5.10. Control of impun"ties in substances for
pharmaceutical use) A, C.

H NH,

X
________________________________3__ _ _

A. (2S)-2-aminopropanoic acid (alanine),

B. (2S,3S)-2-amino-3-methylpentanoic acid (isoleucine),

TESTS
Appearance of solution
The solution is clear (2.2.1) and not moreintensely coloured
than reference solution Yj (2.2.2, J.Hethod II).
Dissolve2.0 g in dilute sodium hydroxide solution R and dilute
to 10 mL with the samealkaline solution.

Related substances
Gas chromatography (2.2.28).

Test solution Dissolve 0.500 g of the substance to be
examined in heptane R anddilute to 100.0 mL with the same
solvent.
Reference solulian (a) Dissolve 5 mg of valproic acidfor
system suilabilily CRS (containing impurity K) in 1.0 mL of
heptane R.
Reference solulion (b) Dilute 1.0 mL of the test solution to

Column:
- material: wide-bore fused silica;
- size: 1= 30 m, 0 :::: 0.53 rnm;
- statianary phase: macrogol 20 000 2-nill'Olerephlhalate R (film

thickness 0.5 pm).

Carrier gas helium for chromatography R,
Flow rate 8 mUmin.
Temperature:

C. (2S)-2-amino-4-methylpentanoic acid (leucine).
_____________________ PhE"

Column

Injection port

Detector

Time
(min)

0-'
5 • 15

15·28.3

2803 - 30

Temperature
CC)
80

80 --J 150

150 --J 190

'90
220

220

PhE" _

Solubility
Very slightly soluble in water, miscible with ethanol
(96 per cent) and with methylene chloride. It dissolves in
dilutesolutions of alkali hydroxides.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison valproi< acidCRS.

Detection Flameionisation.
Injection I ~L.

Relative retention With reference to valproic acid (retention
time =about 17 min): impurity K =about 0.97.

System suitabilt"ty Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurity K and valproic acid.
Limits:
- impurity K: not more than 0.15 times the area of the

principal peakin the chromatogram obtained with
reference solution (b) (0.15 per cent);

- unspedjied impun°ties: for each impurity, not more than
0.05 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.05 per cent);

- total: not more than 0.2 times the area of the principal
peakin th~ chromatogram obtained with reference
solution (b) (0.2 per cent);

- disregard limit: 0003 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.03 per cent).

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.100 g in 25 mL of ethanol (96 per cent) R.
Add 2 mL of water R. Titrate with 0.1 AI sodium hydroxide,
determining the end-point potentiometrically (2.2.20).

99-66-1144.2

H3C~C~H

H3C~

Action and use
Antiepileptic.

(Ph. Bur. manograph 1378)

Valproic Acid

DEFINITION
2-Propylpemanoic acid.

Content i

99.0 per cent to 101.0 per cent.

CHARACTERS
Appearance
Colourless or very slightly yellow, clear liquid, slightly
viscous.
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1 mL of 0.1 M sodium hydroxide is equivalent to 14.42 mg of
CaHI602 .

STORAGE
In an airtight container.

IMPURITIES
Specified im]m,;ties K.
Otherdetectable impurities (the following substances would, if
present at a sufficient leveJ~ be detected by one or other of the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impuniies
in substances forpharmaceutical use) A, B, C, D, E, F, GJ H,
I, J, L.

2022

J. 2,2-dipropylpentanenitrile,

andenaoliomer

K. (2RS)-2-ethyl-2-methylpentanoic acid,

H3C~•. Co.H
/\ andenanliomer

HJC H

L. (2RS)-2-methylpentanoic acid.

A. pentanoic acid (valerie acid),

andenantiomer

B. (2RS)-2-ethylpentanoic acid,

H'C~O'H: and enanliomer
H CH,

H,C

Valsartan'
(Ph. Bur. monagraph 2423)

H COzH N=N

~~\«E
CH,

**** ** ** ****

C. (2RS)-2-( f-methylethyljpentanoic acid,
435.5 137862-53-4

D. 2,2-dipropylpentanoic acid,

o
H,C~

Nt<,

E. pentanamide (valeramide),

H'Cd

O

NH,

H,C

F. 2-propylpentanamide,

G.2,2-dipropylpentanamide,

H. pentanenitrile (valeronitrile),

H3C~CN

H3C~

I. 2-propylpentanenitriIe,

Action and use
Angiotensis IT (AT1) receptor antagonist.

Preparations
Valsartan Capsules
Valsartan Tablets

PhE'" _

DEFINITION
(2S)-3-Methyl-2-[pentanoyl[[2'-(1H-tetrazol-5-yl)biphenyl-4­
yl]methyl]amino]butanoic acid.

Content
99.0 per cent to 1Ol.0 per cent (anhydrous substance).

PRODUCTION
As N-nitrosamines are classified as probable human
carcinogens, their presence in valsartan should be avoided or
limited as much as possible. For this reason, manufacturers
of valsartan for human use are expected [0 perform an
assessment of me risk of N-nitrosamine formation and
contamination during their manufacturing process; if this
assessment identifies a potentialrisk, the manufacturing
process should be modified [0 minimise contamination and a
control strategy implemented to detectand control
N-nitrosamine impurities in valsartan. The general chapter
2.5.42. N-Nirrosamines in activesubstances is available to assist
manufacturers.

CHARACTERS
Appearance
Whiteor almost white, hygroscopic powder.

Solubillty
Practically insoluble in water, freely soluble in anhydrous
ethanol, sparingly soluble in methylene chloride.
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IDENTIFICATION
Carry out either tests A, B or tests A, C.
A. Infrared absorption spectrophotometry (2.2.24).

Comparison valsartan CRS.

B. Enantiomeric purity (see Tests).
C. Specific optical rotation (2.2.7): -69.0 to -64.0
(anhydrous substance).

Dissolve 0.200 g in methanol R and dilute to 20.0 mL with
the same solvent.

TESTS
Enantlomerle purity
Liquid chromatography (2.2.29).

Test solution Dissolve 50 mg of me substance [Q be
examined in the mobile phase and dilute to 50.0 mL with
the mobilephase.

--------Rejeren""-'o/utUm-(a)-Dissolve-5-mg-of"alsar'm.-for-peak-­
identification CRS (containing impurity A) in the mobile
phaseand dilute to 5 mL with the mobilephase.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase.

Go/umn:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: celluwse derivative of silka gelfor chiral

separation R (5 pm),

J.Wobl1e phase trifluoroacetk add R, 2-propanol R, hexane R
(0.1:15:85 VIVIV).
Fkno rate 0.8 mllmin.

Detection Spectrophotometer at 230 run.
I njeaion 10 ~L.

Run time 1.5 times the retention time of valsartan.

Identification of impurities Use the chromatogram supplied
with valsa""n for peak identification GRS and the
chromatogram obtainedwith reference solution (a) to
identify the peak due to impurity A.

Relative retention Withreference to valsartan (retention
time = about 13 min): impurity A = about 0.6.

System suitability Reference solution (a):
- resohuion: minimum 2.0 between the peaksdue to

impurity A and valsartan.
Limit:
- impm;ty A: not more than the area of the principal peak

in the chromatogram obtained withreference solution (b)
(1.0 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 50 mg of the substance to be
examined in the mobile phase and dilute to 100.0 mL with
the mobilephase.
Reference ,o/ulion (a) Dilute 1.0 mL of the test solution' to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

Reference solution (b) Dissolve the contentsof a vial of
ualsorum for system suitability GRS (containing impurity C) in
1 mL of the mobile phase.

Go/umn:
- size: / = 0.125 m, 0 = 3.0 mm;
- ,talionary phase: end-copped octad«ylsJ1yl silica gelfor

chromatography R (5 urn).

A/obue phase glacial acetic acidR, acetonitrile Rt, water far
chromatography R (1:500:500 VlVfII).
Flow rate 0.4 mllmin.

Valsartan II-1273

Detection Spectrophotometer at 225 run.

Injection 10 ~L.

Runtime 6 times the retention timeof valsartan.
Identification of impurities Use me chromatogram supplied
withualsarum for system suitability CRS and the
chromatogram obtainedwith reference solution (b) to
identity the peak due to impurity C.

Relative retention With reference to valsartan (retention
time =about 5 min): impurity C =about 0.8.
System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurity C and valsartan.
Limits:
- impuniy C: not more than twice the area of the principal

peak in the chromatogram obtained with reference

- unspedfiiiJ,mpuniiiS:Tor each Impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 percent);

- total: not more than3 times the area of the principal peak
in the chromatogram obtainedwith reference solution (a)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwithreference solution (a)
(0.05 per cent).

Water (2.5.12)
Maximum 2.0 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on J.O g.

ASSAY
Dissolve 0.170 g in 70 mL of 2-propano/ R. Titrate with
o. I M tetrabutylammonium hydroxide in 2-propano/,
determining theendpointpotentiometrically (2.2.20).
Perform aU operations under nitrogen.
1 mL of 0.1 1\1" tetrabutylammonium hydroxide in 2-propanol is
equivalent to 21.78 mg of C24H29NjOj.

STORAGE
In an airtight container.

IMPURITIES
Specified impurities A, G.
Otherdetectable impuruies (the following substances would, if
present at a sufficient level, be deteaedby oneor other of the tests
in the monograph. They are limitedby the general acceptance
criterion for otherhmspecified impurities and/or by th« general
monograph Suostanas forpharmaceutlcal use (2034). II is
therefore not n«mary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances for phannaceutical use) B.

A. (2R)-3-methyl-2-[pentanoyl [[2' -(IH-tetrazol-5-yl)
biphenyl-4-yl]methyl]amino]butanoic acid,
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II-1274 Vancomycin Hydrochloride 2022

(96 per cent).

IDENTIFICATION
A. Examine the chromatograms obtained in the test for
vancomycin B and related substances.
Results The principal peakin the chromatogram obtained
with the test solution is similar in retention time to the
principal peakin the chromatogram obtained with reference
solution (a).

B. It gives reaction (a) of chlorides (1.3.1).

TESTS
Appearance of solution
The solution is clear (2.1.1) and its absorbance (1.1.15) at
450 run is not greater than 0.10, andits absorbance at
370 run is not greater than 0.65.
Dissolve 2.50 g in water R and dilute to 25.0 mL with the
same solvent.

methyl-2-(methylamino)pemanarnido]-2,5,24,38,39­
pentaoxo-2,3,4,5,6,7,23,24,25,26,36,37,38,38a­
tetradecahydro-22H-23,36-(azanomethano)-8, II:18,21­
dietheno-13, 16:31,35-d imetheno-I H,13H- [1,6,9]
oxadiazacyclohexadecino[4,5-m] [10,2,16]
benzoxadiazacyclotetracosine-26-carboxylic acid
(vancomycin B hydrochloride).

Substance produced by certain strains of Amycolatopsis
orientalis.
Potency
Minimum 1050 IU/mg (anhydrous substance).

CHARACTERS
Appearance
Whiteor almost white, veryhygroscopic powder.

Solubility

pH (2.2.3)
2.5 to 4.5.

Dissolve 0.50 g in carbon dioxide-free water R and dilute to
to mL with the samesolvent.

Vancomycin B and related substances
Liquid chromatography (2.2.19): use the normalisation
procedure.
Solution A Dissolve 7.0 g of tris(hydroxymethyl)
aminomethane R in approximately 950 mL of waterfor
chromawgraphy R. Measure the temperature of the solution.
Considering the temperature dependency of the buffer, adjust
the pH to 8.0-8.3 using a 20 per cent VIV solution of glaciol
acetic acidR in waterfor chromarography R and dilute to
1000 mL with waterfor chromarography R.
Testsolutiou Dissolve20.0 mg of the substance to be
examined in water R anddilute to 5.0 mL with the same
solvent.
Reference 'olulion.(a) Dissolve 6 mg of vancomycin for sy,tml
suitability CRS (containing impurities A, C, F, H, I, J, K
and M) in 1.5 mL of waJer R.
Reference solution (b) In order to prepare impurities B, D, E,
G and L in situ, expose 4 mg of vancomycin for system
suitability CRS (containing impurities A, C, F, H, I, J, K
and M) to 80-100 per cent relative humidity at 42 ± 2°C
for at least 7 days. Add 1 mL of water R and dissolve the
samplecompletely usingsonication.
Reference ,oIulion (c) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with a 0.1 per cent VIVsolution of acetic acid R.
Dilute 1.0 mL of this solution to 10.0 mL with a
0.1 per cent YIV solution of acetic addR.

CH,

N~ H3C

0~ NH 6",
o

""'::::: \ H
I OH
0.4 .Hel

Cl

1486

o
H

o
"" CI

.... I ~

l;;j
Htid
~

o
CH,
CH,

HO

NH,

o

HO OH
OH

(Ph. Bur. monograph 1058)

Vancomycin Hydrochloride

___________________ 1'11&1

Action and use
Glycopeptide antibacterial.

Preparations
Vancomycin Capsules
Vancomycin Eye Drops
Vancomycin Infusion
Vancomycin Oral Solution

C. (2S)-2-[butanoyl[[2'-(IH-tetrazol-5-yl)biphenyl-4-yl]
methyl]amino]-3-methylbutanoic acid.

B. benzyl (2S)-3-methyl-2-[pentanoyl[[2'-(IH-tetrazol-5-yl)
biphenyl-4-yl]methyl]amino]butanoate,

I'IIE" _

DEFINITION
Monohydrochloride of
(3S,6R,7R,8M,18M,22R,23S,26S,30aM,36R,38aR)-3-(2­
amino-2-oxoethyl)-44-[[2-0-(3-amino-2,3,6-trideoxy-3-C­
methyl-«-L-!Yxo-hexopyranosyl)-P-o-glucopyranosyljoxy]­
I0, 19-dichloro-7,22,28,30,32-pen'ahydroxy-6-[(2R)-4-
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Column:
- size: 1;::: 0.15 ill, 0 = 2.1 mm;
- stationary phase: end-capped, charged surface, ethylene-bridged

octadecylsilyl silica gelfor chromatography (hybsid material) R
(1.7 J.UI1);

- temperature; 40 ± 2°C.

Mobile phase:
- mobile phaseA: aceumitrile R, methanol R, solution A

(3:4:93 VlVllo');
- mobile phase B: acetonitrile R, methanol R, solution A

(10;40:50 VlVllo');

Time MobUe phase A
(mIn) (per cent VIP)

0·7 88

7·21 88 -. 75

21-35 75 ..... 25
----- ---------35---37- -- --- -----25

MobUe phase B
(per cent I'/JI)

12

12 -+ 25

25 ..... 75
---75-··

- totalof impurities: maximwn 9.0 per cent;
- reponing threshold: 0.1 0 per cent.

Water (2.5.12)
Maximum 5.0 per cent, determined on 0.500 g.

Sulfuted ash (2.4.14)
Maxlmum 1.0 per cent, determined on 1.00 g.

ASSAY
Carry out the microbiological assay of antibiotics (2.7.2).
Use vancomycin hydrochloride CRS as the reference substance.

STORAGE
In an airtight container, protected from light at a temperature
of 2 °C to 8°C. If the substance is sterile, the container is
also sterile and tamper-evident.

LABELLING
The label states, where applicable, that the substance is
SUI a e- r-use-In- e-man acture-o -parentera -------
preparations.

IMPURITIES
Specified impun'£ies A, B~ C, D, E, F, G, H, I, J, K, A-1.
Otherdetectable impurities (thefollowing substances lOOuld, if
present at a sufficient level, bedetected by oneor otherof the tests
in the monograph. They arelimited by the general acceptance
criterion for other/unspedfied impurities. It is therefore not
necessary to identify these impurities for demonstration of
compliance. See also 5.10. Control of impuniies in substances for
pharmaceutical use) L

Flow rate 0.30 ± 0.02 mlJmin.

Detection Spectrophotometer at 280 nm.

Autosampkr Set at 5 "C.

Injection 2 ~L.

Identification ofpeaks Use the chromatogram obtained with
reference solution (a) to identify the peaks due to
impurities A, C, F, H, I, J, K and Mj use the chromatogram
obtained with reference solution (b) to identify the peaks due
lO impurities B, D, EJ G and L.
Relativeretention With reference to vancomycin B (retention
time =about 19 min); impurity E =about 0.37;
impurity L =about 0.66; impurity B =about 0.70;
impurity A = about 0.76; impurity F = about 0.82;
impurity G =about 0.90; impurity H =about 0.94;
impurity M = about 1.11; impurity I = about 1.14;
impurity J =about 1.20; impurity D =about 1.24;
impurity K =about 1.50; impurity C =about 1.86.
System suitabilicy:
- resolution: minimum 1.5 and maximum 4.0 between the

peaks due to impurities G and H, and minimum 1.5 and
maximum 5.0 between the peaks due to impurities L
and B in the chromatogram obtained with reference
solution (b). If the resolution between the peaks due to
impurities G and H is greater than 4.0, adjust the pH of
solution A to a higher value. If the resolution between the
peaks due to impurities Land B is greater than 5.0,
adjust the pH of solution A to a lower value;

- signal-co-noise ratio: minimum 10 for the peak due to
vancomycin B in the chromatogram obtained with
reference solution (c).

Limits:
- vancomycin B: minimum 91.0 per cent;
- impurities A, H: for each impurity, maximum 3.0 per cent;
- sum of impuriues B and E: maximum 2.0 per cent;
- impurityJ: maximum Le per cent;
- impun'tksD, F, M: for each impurity, maximum

1.5 per cent;
- impurities 0, I, K: for each impurity, maximum

1.2 per cent;
- impurity C: maximum 1.0 per cent;
- a1O' other impudty eluting before vancomycin B: for each

impurity, maximwn 0.8 per cent, and not more than 5
such impurities exceed 0.30 per cent;

- Q1O' otherimpuniy eluu'ng aftervamomycinB: for each
impurity, maximum 0.8 per cent, and not more than 3
such impurities exceed 0.30 per cent;

HO

o

A. /If.I-demethylvancomycin B,

CHs

NH:2 H3C

N ~ .> NH

o
~ \, H

I OH

o ~

CI
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CH3

CO,H H3C~
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F. [L-<:t-GIn')vancomycin B,

E. [L-P-Asp'jvancomycin B (CDP-I minor),
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D. O'·4_de_[2_0_(3_amino_2,3,6_trideoxy_3_G'methyl-<:t-L­
!y.w-hexopyranosyl)-J!-o-g1ucopyranosylj-O,·4_J!-D­
glucopyranosyl-vancomycin B
(desvancosaminylvancomycin B),

C.O'·'_de_[2_0_(3_amino_2,3,6_trideoxy-3-C-methyl-<:t-L­
!y.w-hexopyranosyl)-P-o-glucopyranosyljvancomycin B
(aglucovancomycin B),

B. (1.2M)-[L-P-Asp')vancomycin B (3.2-!YIl-chloro[L-J!-Asp')
vancomycinB) (CDP-I major),

G. 4.3,N'·4_anhydro-[L-<:t-Asp')vancomycin B,

www.webofpharma.com



2022 Vanillin 11-1277

NH, NH,

H. 3.6-dechlorovancomycin B {mono-dechloro-Ii­
vancomycin B),

K [N,N-dimethyl-o-Leu'jvancomycin B,

PhE" _

____________________ PhE"

L. [L-<X-Asp3]vancomycin B),

M. unknown structure.

**** ** ** ****

121-33-5

HO~

H'COVCHO

152.1

Vanillin
(Ph. Eur. monograph 0747)

DEFINITION
Vanillin contains not less than 99.0 per cent and not more
than the equivalent of 101.0 per cent of 4-hydroxy-3­
methoxybenzaldehyde, calculated withreference to the dried
substance.

1. (1.2M)-vancomycin B (3.2-!J"l-cWoro-vancomycin B),

J. (C'.7R)-vancomycin B (26-ej>ICvancomycin B),
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I'I>E" _

____________________ I'I>EII

330808-88-3

------~-*---- --_.__.

*****

579.1

Sulfated ash (2.4.14)
Not more than 0.05 per cent, determined on 2.0 g.

ASSAY
Dissolve 0.120 gin 20 mL of akohol R and add 60 mL of
carbon dioxide-free waterR. Titratewith 0.1 M sodium
hydroxide, determining the end-pointpotentiometrically
(2.2.20).

I mL of 0.1 M sodiumhydroxide is equivalent to 15.21 mg of
C.H.O,.

STORAGE
Store protected from light.

(ph. Bur. monograph 2782)

Trihydrate

Action and use
Selective inhibitor of cyclic GMP-specific phosphodiesterase
type V with vasodilator action; treatment of erectile
dysfunction.

Preparations
Vasdenafil Orodispersible Tablets

Vasdenafil Table16

DEFINITION
2-[2-Ethoxy-5-[(4-ethylpipernzin-I-yl}sulfonyl]phenyl]-5­
methyl-7-ptopylimidazo[5, I-j] [1,2,4] triazin-4(3H)-one
hydrochloride trihydrare.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightlybrownor yellowpowder.

Solubility
Slightly soluble in water, freely soluble in anhydrous ethanol,

I practically insoluble in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison -uardenafil hydrochloride CRS.

B. Water (see Tes16).

C. It gives reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Protect the solutions from
light.
Solvent mixture acetonitrile R, mobilephase A (20:80 VIV).

CHARACTERS
White or slightly yellowish, crystalline powder or needles,
slightly soluble in water, freely soluble in alcohol and in
methanol. It dissolves in dilute solutions of alkali hydroxides.

D. To 5 mL of a sarurated solution of the substance to be
examined add 0.2 mL offerric chloride solution Rl. A blue
colour is produced. Heat to 80 QC. The solution becomes
brown. On cooling, a whiteprecipitate is formed.

TESTS
Appearance of solution
Dissolve 1.0 g in alcohol R and dilute to 20 mL with the
same solvent. The solution is dear (2.2.1) and not more
intensely colouredthan reference solution B(j (2.2.2-,
Method II).

Related substances
Examine by thin-layer chromatography (2.2.27), using SIlica
gel GF254 R as the coatingsubstance.
Test solution (a) Dissolve 0.1 g of thesubstance to he
examined in methanol R and dilute to 5 mLwith the same
solvent.
Test sdution (b) Dilute I mL of lest solution (a) to 10 mL
with methanol R.
Reference solution (a) Dissolve 10 mg of flanillin CRS in
methanol R and dilute to 5 mLwith the same solvent.
Reference solution (b) Dilute 0.5 mL of lest solution (a) to
100 mL with methanolR.

Apply to the plate 5 ~L of each solution. Develop in an
unsaturated tankovera path of 10 cm using a mixture of
0.5 volumes of anhydrous acetic add R, I volume of
methanolRand 98.5 volumes of melhy/ene chloride R. Dry the
plate in a current of cold air. Examine in ultraviolet lightat
254 nm. Any spot in the chromatogram obtained with test
solution (a), apart from the principal spot, is not more
intense than the spot in the chromatogram obtained with
reference solution (b) (0.5 per cent). Spray with
diniuvphenylhydrazine-acezc-hydrochlorU solution Rand
examine in daylight. Any spot in the chromatogram obtained
with test solution (a), apart from the principal spot, is not
more intense than the spot in the chromatogram obtained
with reference solution (b) (0.5 pet cent).

Reaction with sulfuric acid
Dissolve 50 mg in 5 mL of su/furi< acidR. After 5 min, the
solution is not more intensely coloured thana mixture of
4.9 mL of yellow primary solution and 0.1 mf.of red
primary solution or a mixture of 4.9 mLof yellow primary
solution and 0.1 mL of blue primary solution (2.2.2,
MethodI).

Loss on drying (2.2.32)
Not more than 1.0 per cent, determined on 1.000 g by
drying in a desiccator for 4 h.

IDENTIFICATION
First identification: B.
Second identification: A, C, D.
A. Melting point (2.2.14): 81 °C to 84 °C.

B. Examine by infrared absorption spectrophotometry
(2.2.24), comparing with the spectrumobtained with
vaniUin CRS. Examine the substances prepared as discs.
C. Examine the chromatograms obtained in the test for
related substances in daylight after spraying. The principal
spot in the chromatogram obtained with test solution (b) is
similar in position, colourand size to the principal spot in

--- e-c oma ogram-o am -WI -re erence-s . ._
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Testsolution (aJ Dissolve 50.0 mg of the substance to be
examined in 20 mL of acetonitrile R and dilute to 100.0 mL
with mobile phase A.
Tes, sol..ion (b) Dilute 15.0 mL of test solution (a) 10
50.0 mL with the solvent mixture.

Reference sol..ion (a) Dissolve 50.0 mg of vardenafil
hydrochloride CRS in 20 mL of acetonitril« R and dilute to
100.0 mL with mobile phase A. Dilute 15.0 mL of the
solution to 50.0 mL with the solvent mixture.

Reference sol..ion (b) Dilute 1.0 mL of test solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL withthe solvent mixture.

Reference sol..ion (c) Dissolve 5 mg of vardenafi/for system
suitability CRS (containing impurity A) in 2 mL of
acetonitrile R and dilute to 10 mL with mobile phase A.

Column:
-·-·----------=-size:-/-=-0;25-TITl0-=-3~O-mm;

- stationary phase: end-copped polar-embedded oc,adecylsilyl
amorphous organosilka polymer R (5 Jim);

- temperature: 45°C.

Mobilephase:
- mobile phase A: solution containing 0.7 gIL of disodium

hydrogen phospha,. dihydrate Rand 1.3 gIL of potassium
dihydrogen phosphate R;

- mobile phaseB: acetonitrile for chromaUJgraphy R;

Time Mobile phase A Mobile phase B
(min) (per cent Vm (per cent V/JJ)

0-2 SO 20
2·22 80 --> 25 20 -> 75

22 - 27 25 75

Fb>w ra,. 0.5 mlJmin.

Detection Spectrophotometer at 242 nm.

Injection 1O,u.. of test solution (a) and reference
solutions (b) and (c).

Identification of impm;t;es Use the chromatogram supplied
with vardenafilfor systemsuitability CRS and the
chromatogram obtained with reference solution (c) to identify
the peak due to impurity A.

Relative retention With reference to vardenafil (retention
time =about 16 min): impurity A =about 0.8.

Systemsuitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

impurityA and vardenafil.

Calculation ofpercentage contenlS:
- for each impurity,use the concentrationof vardenafil

hydsochloride trihydrate in reference solution (b).

Limits:
- impuniyA: maximum 0.15 percent;
- unspecified impun"ties: for each impurity, maximum

0.10 per cent;
- total: maximum 0.3 per cent;
- reporting threshold: 0.05 per cent.

Sulfates (2.4.13)
Maximum 400 ppm.

Suspend 0.5 gin 20 mL of a 5.15 gIL solution of hydrochloric
add R and stir for 15 min. Filter if complete dissolution is
not obtained.
Water (2.5.11)
8.8 per cent to 10.5 per cent, determined on 60.0 mg.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Vardenafi) Hydrochloride Trihydrate 11-1279

ASSAY
Liquid chromatography (2.2.29) as descrihed in the test for
related substances with the following modification.
Injection 10 f.lL of test solution (b) and reference
solution (a).

Calculate the percentage content of C23H33ClN604.S taking
into account the assigned content of vardenafil
hydrochloride CRS.

IMPURITIES
Specified impurities A.

Otherdetectable impuri'ies ('he following substances would, if
preunt at a sufficient level) be detected by one or other of the tests
in the monograph. They are limited by thegeneral acceptance
cruetion for otherhmspecified impurities andlor by the general
monograph Substances for phannaceutical use (2034). It is
there ore not n«essa to idem; these im uriues or

A. 2-[2-ethoxy-5- [(4-ethylpipera2in-l-yl)sulfonyl]phenyl)-5,7­
dimethylimidazo [5,I-j] [1,2,4Jtria2in-4(3H)-one,

1 JCH3

HN' y'
H03S'CC~N~

o CH3 CH3

B. 4-ethoxy-3-(5-methyl-4-oxo-7-propyl-3,4-dihydrointidazo
[5,I-j] [I,2,4)tri82in-2-yl)hell2enesulfonic acid,

° CH,

H3C H3C1 0 0 HNYyZ

) N0'rl ('NVvyN,N--(
}-N~ ~s/ J U a (
N,~ .NH 0' ~ ~ CH3! n CH3

HaC 0

C. 2,2'-jpiperazine-Ld-diylbis [(sulfonyl)(a-ethoxybenzene­
1,3-diyl)])bis[5-methyl-7-propylimidazo[5, I-j]
[1,2,4) tria2in-4(3H)-one].

_____________________ PhE"
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Vecuronium Bromide
(ph. Bur. monograph 1769)

638 50700-72-6

Mobile phase Dissolve I g of sodium bromide R in 5 mL of
waterR. Add 85 mL of 2-propanol R, then 10 mL of
acetonitrile R.
Applicau'on I pL.

Development In an unsaturated tank, over 2/3 of the plate.
Drying In airfor 30 min.
Deteaion Spray with a 2.5 WL solution of iodine R in a
mixture of equal volwnes of methanol R and methylene
chloride R.
System suitability Reference solution (a):
- the chromatogram shows 2 clearly separated spots.
Limit:
- impun·ty B: any spot due to impurity B is not more intense

than the spot in the chromatogram obtainedwilh
reference solution (b) (0.25 per cent).

--- ctto-n-an -use
Non-depolarizing neuromuscular blocker.

Preparation
Vecuronium Bromide for Injection

PhEu _

DEFINlTION
1-[30<, 17jl-Bis(acetyloxy)-2~- (piperidin-I-yl)-51X-androstan­
16jl-yl]-I-methylpiperidin-I-ium bromide.

Content
99.0 per cent to 101.0 per cent (anbydrous substance).

CHARACTERS
Appearance
White or almostwhite crystals or crystalline powder.

SolubUity
Slightly soluble in water, freely soluble in methylene chloride,
sparingly soluble in acetonitrile and in anhydrous ethanol.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.2<f).

Comparison uecuronium bromide CRS.
C. It gives reaction (a) of bromides (2.3.1).

TESTS
Solution S
Dissolve 0.500 g in a 5.15 gIL solution of hydrochloric acid R
and dilute to 50.0 mL with the same solution.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution BY, (2.2.2, MethodII).

Specific optical rotation (2.2.7)
+ 30.5 to + 35.0 (anbydrous substance), determined on
solution S.

Impurity B
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.10 g of me substance to be
examined in methylene chloride R and dilute to 5.0 mL with
the same solvent.
Reference solution (a) Dissolve 5 mg of the substance to be
examinedand 5 mg ofpancuronium bromide CRS
(impurity B) in methylene chloride R and dilute to 5.0 mL
with the same solvent.
Reference solution (b) Dissolve 5.0 mg of pancuronium
bromide CRS (impurity B) in methylene chloride Rand dllute
to 100.0 mL with the same solvent.
Plate TLC silica gelplate R (2-10 pm).

Re ate -su stances
Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Solution A 0.2 gIL solution of hydrochloric acid R in
methanol R2.
Test solution Dissolve 40 mg of the substance to be
examined in solutionA and dilute [Q 20.0 mLwith
solutionA.
Reference sdution (a) Dissolve 4 mg of vecuronium for system
suitability CRS (containing impurities C and E) in solution A
and dilute to 2.0 mL with the solutionA.
Reference solution (b) DUUle 1.0 mL of the test solution to
100.0 mL with solution A. Dilute 1.0 mL of this solution to
10.0 mL with solution A.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped oetad«ylsilyl n'lica gelfor

chromatography R (5 ~m);

- temperature: 40°C.
Mobile phase Mix 135 volumes of an 18.0 gIL solution of
tetramethylammonium hydroxide R previously adjusted to
pH 6.9 with phosphoric acid R, 250 volumes of methanol R2
and 615 volumes of acetonitrile Rl.
Flowrate 2.0 mllmin.

Detection Spectrophotometer at 210 om.

AUUJSampler Set at 4°C.

Injeaio« 20 ~L.

Runtime 5 times the retention timeofvecuronium.
Identification of impurities Use the chromatogram supplied
with uecuronium for sysrem suitability CRS and the
chromatogram obtained withreference solution (a) to
identify the peaks due to impurities C and B.

Relative retention With reference to vecuronium (retention
time ;;;; about 5 min): impurity C = about 0.8;
impurity E = about 1.2. 'I

System suitabilil)l:
- signal-to-noise ratio: minimwn 28 for the principal peakin

the chromatogram obtained with reference solution (b);
- peak-w-valley ratio: minimum 2.0, where Hp = height

above the baseline of the peakdue to impurity E and
Btl ;;;; heightabove the baseline of the lowest point of the
curve separating this peakfrom the principal peak in the
chromatogram obtained with reference solution (a).

Calculation of percentage contents:
- correction factor. multiply the peak area of impurity C by

1.4;
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- for each impurity, use the concentration of vecuronium
bromide in reference solution (b).

Limits:
- ;mpwi,y c: maximum 0.15 per cent;
- unspecified impurities: for eachimpurity, maximum

0.10 per cent;
- rotal: maximum 0.2 per cent;
- reporting threshold: O.OS per cent.

Water (2.5.12)
Maximum 4.0 per cent, determined on 0.300 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.450 g in 50 mL of glacial acetic acid R. Titrate
with 0.1 M perchlonc acid, determining the end-point

otentiometricall 2.2.2 .
--_._---

I mL of 0.1 M perchloric acidis equivalent to 63.8 mg
of C34H57BrN20".

STORAGE
In an airtight container, protected from light and moisture.

IMPURITIES
Specified impurities B, C.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. Theyare limitedby the general acceptance
criterion for otherlunspedfied impumies and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore notnecessary to identify these impun'cies for
demonstration of compliance. See also5.10. Control of impurities
in substances for pharmaceutical use) A} D} E, F.

A. 2~,16p-di(piperidin-I-yl)-Sa-androstane-3a,17f}-diyl
diacetate,

B. 1,1'-[3<>, 17f}-bis(acetyloxy)-Sa-androst~e-2~, 16~-diyllbis

(I-methylpiperidin-I-iwn) (pancuronium),

Vegetable Fatty Oils II-1281

HO'
H

C. 1-[17~-(acetyloxy)-Ja-hydroxy-2~-(piperidin-I-yl)-Sa­
androstan-16~-yll-I-methylpiperidin-I-ium,

HO'
H

D. 1-[3a,17~-dihydroxy-2~-(piperidin-I-yl)-Sa-androst.n­
16~-yll-I-methylpiperidin-I-ium.

E. 1-[Ja-(acetyloxy)-17~-hydroxy-2~-(piperidin-I-yl)-Sa­

androst.n-16~-yll-I-methylpiperidin-I-ium,

F. 2f}-(piperidin-I-yl)-17-ox<>-Sa-androstan-Ja-yl acetate.
_________________~__ PhE"

Vegetable Fatty Oils
(ph. Bur. monograph 1579)
PhE" ~ _

DEFINITION
Vegetable fatty oils are mainly solid or liquid triglycerides of
fatty acids. They may contain small amounts of otherlipids
such as waxes, free fatty acids, partial glycerides or
unsapcnifiable matters. Vegetable fattyoils are obtained from
the seeds) the fruitor the pitlstonelkemel of various plantsby
expression and/orsolvent extraction, then possibly refined
and hydrogenated. A suitable antioxidant may be added if
necessary.
Virgin oil An oil obtainedfrom rawmaterials of special
quality by mechanical procedures (e.g, by cold expression or
centrifugation).

Refined oil An oil obtained by expression and/or solvent
extraction, and subsequently eitheralkali refining (followed
by bleaching and any deodorisation) or physical refining.
Hydrogenated oil An oil obtained by expression and/or
solventextraction, and subsequently either alkali refining or
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11-1282 Vegetable Fatty Oils

physical refining, then possible bleaching, followed by drying,
hydrogenation and subsequent bleaching and deodorisation.

Only alkali-refined oils are used in the manufacture of
parenteral preparations.

PRODUCTION
Measures are taken to ensure that the oil complies with the
limit for benzo[a)pyrene decided by the competent authority.
A limit of 2.0 ppb is set in Conunission Regulation (EC)
No. 20812005.

OBTENTION OF A CRUDE OIL
Where the plant has a high oil content, the oil is generally
obtained by expression under heating followed by an
extraction; where the plant has a low oil content, the oil is
generally obtained by direct extraction.

Mechanical procedures

High-pressure screw-pressing It consistsof some or aU of the
following steps: cleaning, drying, dehulling or decorticating,
grinding, cooking and flaking.

During cleaning the foreign matter is eliminated. Dryingmay
be necessary if the seed moisture content is higher than
desirable for downstream processing. Decorticating is useful to
obtain a high-protein meal by reduction of fibre and to
reduce impurities in the oil. Cooking serves various purposes:
completion of the breakdown of oil cells, lowering of me
viscosity of me oil, coagulation of the protein in me meal,
adjustment of the moisture level, sterilisation of the seed,
detoxifying undesirable seed constituents (gossypol for
cottonseed) and fixing certain phosphatides in the cake thus
lowering subsequent refining losses. The efficacy of the
expression process is such mat only 3 per cent to 6 per cent
of the oil is left in the cake.

Wei screw-pressing The bunches are loaded into cages (for
palm fruit) and moved into a horizontal steriliser with
application of live steam and heating. The purposes of this
steriliser are inactivation of enzymes, loosening of the fruit on
the bunch, coagulation of proteins, etc. After heating in a
digester, the pulp is fed to a screw-press. The oil is
centrifugally clarified and vacuum-dried.

Pre-pressing followed by solvent extraction The same sequence
of steps is performed as above. The main function of pre­
pressing is to obtain a cake of exceUent permeability for the
following solvent extraction stage. The extraction is
performed either in a percolation-type or in an immersion­
type apparatus. The efficacy of the solvent extraction process
is such that residual oil levels in meal are generally below
1 per cent.

B. Centrifugation

Centrifugation separates the oily phase from the aqueous
phase, which contains water-soluble components and residual
solid particles. 'Ibis operation can be carried out using:
- self-cleaning bowl or disc centrifuges;
- super-decanters, which are horizontal turbines equipped

with a cylindrical bowl that tapers slightly at one end and
which contains a continuously turning screw that scrapes
the sides of the bowl; the screw and the bowl rotate at
different speeds; the solid particles are discarded from me
tapered end of the bowl and the oil flows out from the
other end.

Solvent extraction
Prior to extraction, the following steps are carried out: the
seeds are tempered for about a week at a temperature below
24°C in order to loosen the hull from the seed and allow the
seed moisture to attain equilibrium, then the seeds are

2022

cleaned, ground, dehulled and flaked. The most widely used
solvent is a mixture of mainly a-hexane and methylpentanes
(bp: 65-70 °C) commonly referred to as 'hexane'. Due to the
major fire and explosive risks of this mixture, Iiquified gases
and supercritical gases may also be used.

REFINING
The objective of refining is to remove impurities and
contaminants of the oil with the least possible damage to the
triglycerides and with minimal loss of oil. The contents of the
following substances are reduced:
- free fatty acids, which may cause deterioration of the oil

by oxidation, a smoked taste when heated and a sharp
flavour (by alkali relining);

- water, which favours the enzymatic hydrolysis reactions
(by alkali relining, drying);

- partial glycerides, which may cause foaming and a bitter.. .
- phosphatides and phosphorous compounds, which have ­

emulsifying properties and may cause deposits, a
darkening of the oil when heated, a cloudy appearance
and bad organoleptic stability (by alkali refining);

- colouring matters such as chlorophyll (by alkali relining)
and carotenoids (by bleaching);

- glycolipids, which may fonn colloidal solutions with
water;

- free hydrocarbons, paraffin, waxes and resinous materials;
- metals (Fe, Cu, Pb, Sn, Pr, Pd, etc.), which are strong

oxidation catalysts;
- pigments such as gossypol (in cottonseed oil) or

mycotoxins such as aflatoxin (mainly in arachis seeds);
- pesticides;
- oxidation products (aldehydes, peroxides);
- proteins having possible allergic reactions;
- unsaponifiable matters (sterols, tocopherols and ether

vitamins);
- polycyclic aromatic hydrocarbons.

Alkali refining
It involves the following steps: degwnming ifnecessary,
neutralisation using alkali, washing and drying.

Degumming During this step of the refining, l.e, treatment
with water and/or phosphoric acid and/or sodium chloride,
the phosphatides, phosphorous compounds and metals are
eliminated. The use of this step depends on the nature of the
oil.

Neutralisation wirh alkali This step reduces the free-fatty­
acid content below 0.1 per cent; the fatty acids are convened
into oil-insoluble soaps, also called 'soapstocks', Other
substances may be removed by adsorption on these soaps:
mucilaginous substances, phosphatides, oxidation products,
colouring matters, etc. All substances that become insoluble
in the oil on hydration are removed. Neutralisation with
alkali has me disadvantage of saponifying a portion of neutral
oil if the neutralisation is not well conducted.

Washing This operation consists in removing the excess of
soaps and alkali as well as the remaining traces of metals,
phosphatides and other impurities, using hot water.

Drying The remaining water is eliminated under vacuum
before any further steps, such as bleaching.

Physical refining
It involves a steam treatment of the oil under high vacuum at
a temperature greater than 235°C. This technique can only
be applied to oils naturally low in phosphatides and metals
(palm and coconut) or from which phosphatides and metals
have been removed by an acid treatment using concentrated
phosphoric acid followed by an adsorptive treatment with
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activated bleaching earth (for sunflower, rapeseed, soya­
bean). Moreover, it cannot be used for heat-sensitive oils
(cottonseed oil), which darken.

Bleaching
The common method of bleaching is by adsorption
treatment of the ail, which is generally heated at 90°C for
30 min under vacuum, with bleaching eanh (natural or
activated) or carbon (activated or not); synthetic si.lica
adsorbents may also be added. Substances tha-t have not
been totally removed during refining are eliminated, for
example carotenoids and chlorophyll.

Deodorisadon
Deodorisation eliminates odours, volatile substances and any
residual extraction solvents; it involves injecting dry vapour
into the oil, which is kept under vacuum at a high
temperature. Different temperatures are used according to

Hydrogenated Vegetable Oil
68334-1)1).9

Action and use
Excipient.

DEFINITION
Hydrogenated Vegetable Oil is a mixture of triglycerides of
fallY acids of vegetable origin.

CHARACTERISTICS
An almost white, fine powder at room temperature and a
pale yellow, oily liquid above its melting point.

Practically insoluble in walerj soluble in hexane and in hot
propan-2-oI.

IDENTIFICATION

30 min.
-- - omp le-S-Wl e tests or- Gl -va ue-,- a e-va ue-an -----

Saponification value.

TESTS
Melting point
57° to 70°, Appendix V A.

Acid value
Not more than 4.0, Appendix X B.

Iodine value
Not more than 5, Appendix X E, Method B.

Saponification value
175 to 205, Appendix X G, Method II.

Unsaponifiable matter
Not more than 0.8% wlw, Appendix X H.

Loss on drying
When dried at 105° for 4 hours, loses not more than 0.1% of
its weight. Use 5 g.

STORAGE
Hydrogenated Vegetable Oil should be stored at a
temperature of 8° to 25°.

9931)1).784313.9

(ph. Eur. monograph 2119)

Action and use
Inhibition of 5HT and noradrenaline reuptake;
antidepressant.

Preparadons
Venlafaxine Prolonged-release Capsules

Venlafaxine Prolonged-release Tablets

Venlafaxine Tablets

Venlafaxine Hydrochloride

One of the main side reactions is thermic decolourisation due
to the destruction of carotenoids when the temperature is
greater than 150°C. This technique provokes a loss of
substances that may be distilled (free fatty acids) sterols,
tocopheroJs, part of the refined oil), and may cause cis-trans
isomerisation of the unsaturated fatty-acid doubJe bonds.

WINTERISATION
Elimination of solids and waxes by filtration at low
temperature (also called dewaxing). These solids and waxes
could affect the appearance of the oil and cause deposits.

HYDROGENATION
The hydrogenation of the dried and/or bleached oil is
performed using a catalyst (e.g. Ni, Pr, Pd), at a temperature
of about 100-200 'C under hydrogen 'pressure. The catalyst
is then removed by filtration at 90°C. The hydrogen must
be pure: free of poisons for the catalyst, water-free, and low
in carbon dioxide, methane and nitrogen contents. Small
amounts of polymers may be obtained. Trans-fatty acids are
formed during partial hydrogenation.

CHROMATOGRAPHIC PURIFICATION
In high-purity applications, mainly for parenteral uses. the oil
may be further purified by passing the oil through a column
containing an activated earth. A solvent may sometimes be
used to improve the efficiency. High-polarity molecules, such
as oxidised materials, acids, alcohols, partial glycerides and
free sterols, are preferentially removed.

When the oil is used in the manufacture of parenteral
preparations, the limits set in the monograph for the acid
value, the peroxide value and the water content may be
different.

LABELLING
The label states:
- where applicable, that the oil was obtained by expression

or extraction;
- where applicable, that the oil is suitable for use in the

manufacture of parenteral preparations.
______________-' ~PIIE"

PIlE" _

DEFINITION
1-[(1 RS)-2-(Dimethylamino)-I-(4-methoxyphenyl)
ethyl]cyclohexanol hydrochloride.
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11-1284 Venlafaxine Hydrochloride

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white powder.

Solubility
Freely soluble in water and in methanol, soluble in
anbydrous ethanol, slightly soluble or practically insoluble in
acetone.
It shows polymorphism (5.9).

IDENfIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison oerdafaxine hydrochloride CRS.
If the spectra obtained in the solid state show differences,

substance separately in 2-propanol R, evaporate to dryness
and record new spectra using the residues.

B. It gives reaction (a) of chlorides (2.3.1).

TESTS
Acidity or alkalinity
Dissolve 0.20 g in carbon dioxide-free water R and dilute to
10 mL with the same solvent. Add 0.05 mL of methylred
solution Rand 0.1 mL of 0.01 M hydrochloric acid.
The solution is pink. Not more than 0.2 mL of 0.01 M
sodium hydroxide is required to change the colour of the
indicator to yellow.

Related substances
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in the mobile phaseand dilute to 25.0 mL with
the mobile phase.
Reference solution (a) Dilute 1.0 mL of the test solution to
10.0 mL with the mobile phase. Dilute 1.0 mL of tltis
solution to 100.0 mL with the mobile phase.

Reference sdution (b) Dissolve the contentsof a vial of
fJenlafaxine for system suitability CRS (containing impurities D
and F) in 1.0 mL of the mobile phase.

Golumn:
- size: I ;;;; 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: end-eapped oaylsi!YI silkagelfor

chromatography R (5 Illll) with a pore size of 10 run.
Mobile phase Mix 510 volumes of acetonitrile Rand
1490 volumes ofa solution prepared as follows: dissolve 17 g
of ammonium dihydrogen phosphauR in 1490 mL of water R
and adjust to pH 4.4 using phosphoric acidR.

FlowYOU 1.2 mUmin.

Detection Spectrophotometer at 225 run.
Injection 20 IlL.
Run time 10 times the retention time of venlafaxine.
Relative retention With reference to venlafaxine (retention
time =about 9 min): impurity D =about 0.9;
impurity F =about 3.4.

Systemsuitability Reference solution (h):
- resolution: minimum 1.5 betweenthe peaksdue to

impurity D and venlafaxine.
Limits:
- ;mpun'ty F: not more than the area of the principal peakin

the chromatogram obtained withreference solution (a)
(0.1 per cent);

2022

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cent);

- total: not more than twice the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.2 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwith reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
'Vacuo at 80 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY

hydrochloric acidand 50 mL of ethanol (96 percen!! R. Carry
out a potentiometric titration (2.2.20), using 0.1 M sodium
hydroxide. Read the volume added between the 2 points of
inflexion. Carry out a blank titration.
I mL of 0.1 M sodium hydroxide is equivalent to 31.39 mg
of C17H28CINO, .

IMPURITIES
Specified impurities F.
Otherdetectable impurities (thefollowing sub,tances would, if
present at a sufficient letel, bedeucud by oneor other of the USlS

in the monograph. Theyarelimited by thegeneral acceptance
cruetion for otherlunspe<ified impurities and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore no' necessary UJ idenu'jy these ;mpun'!ies for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, B, Gj D, E, Gj H.

A. 2-(4-methoxyphenyl)-N,N-dlmethylethanarnine.

B. ethyl (2RS)-3-(dlmethylamino)-2-(4­
methoxyphenyl)propanoate,

C. 1-[(IRS)-2-amino-I-(4-methoxyphenyl)ethyl]cyclohexanol.

andenanllomer

D. 1-[(IRS)-I-(4-methoxyphenyl)-2-(methylamino)
ethyl)cyclohexanol,
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2022 Verapamil Hydrochloride 11-1285

DEFINITION
(2RSJ-2-(3,4-Dimethoxyphenyl)-5-[[2-(3,4­
dirnethoxyphenyl)ethyl] (methyl)amino]-2-( J-methylethyl)
pentanenitrile hydrochloride.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white,crystalline powder.

Solubility
Soluble in water, freely soluble in methanol, sparingly soluble
in ethanol (96 per cent).

mp
About 144 °C.

PIlE" _

TESTS
Solution S
Dissolve 1.0 g in carbon dioxide-free waterR while gently
heatingand dilute to 20.0 rnL with me same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method I/).

--IDENTIFTGATION
First idenufication: B, D.
Second identification: A, C, D.
A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 20.0 mg in 0.01M hydnxhlori< acid
and dilute to 100.0 mL with the same acid. Dilute 5.0 mL of
this solution to 50.0 mL with 0.01 M hydrochloric acid.

Spectral range 210-340 om.

Absorption maxima At 229 nm and 278 om.
Shoulckr At 282 nm.

Absorbance ratio A271/A229 = 0.35 to 0.39.
B. Infrared absorption spectrophotometry (2.2.24).

Comparison verapamil hydrochloride CRS.
C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methylene chloride. R and dilute to 5 mL with the
same solvent
Reference solution (oJ Dissolve 20 mg of fJerapamil
hydrochloride CRS in methylene chlorid< R and dilute to 10 mL
with the same solvent.
Reference solution (1)) Dissolve 5 mg of papaverine
hydrochlcride CRS in reference solution (a) and dilute to
5 mL with the same solution.
Piau TLC silica gelFm piau R.
Mobile phase diethylamine R, cyclchexane R (15:85 VIV).

Application 5 IlL.
Development Over 3/4 of the plate.

Drying In air.
Detection Examine in ultraviolet light at 254 run.
System suitability Reference solution (b):

- the chromatogram shows 2 clearly separated principal
spots. .

Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained with reference
solution (a).

D. It gives reaction (b) of chlorides (2.3.1).

152-1/-449I.l

E. (5RSJ-5-(4-methoxyphenyl)-3-methyl-I-oxa-3-azaspiro
[5.5]undecane,

G. (2RSJ-2-cyclohexyl-2-(4-methoxyphenyl)-N,N­
dimerhylethanamine,

H. 1-[(IRSJ-I-(4-methoxyphenyl)-2-[[2-(4­
methoxyphenyl)ethyl]amino]ethyl]cyclohexanol.

(ph. Eur. monograph 0573)

Verapamil Hydrochloride

_________~ PIIE<r

C,7H" CIN,O.

Action and use
Calcium channel blocker.

Preparations
Verapamil Prolonged-release Capsules
Verapamil Prolonged-release Tablets

Verapamil Injection
Verapamil Oral Solution
Verapamil Tablets
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11-1286 Verapamil Hydrochloride

pH (2.2.3)
4.5 to 6.0 for solution S.

Optical rotation (2.2.7)
-0.10° to + 0.10°, determined on solution S.

Related substances
liquid chromatography (2.2.29).

Solvent mixture MobilephaseB, mobile phase A
(37:63 VIV).

Test solution Dissolve 25.0 mg of the substance to he
examined in the solvent mixture and dilute to 10.0 mL with
the solventmixture.
Reference solurion (a) Dissolve 5 mg of wrapamil
hydrochloride CRS, 5 mg of verapam,] impuriry I CRS and
5 rng of verapaml7 impurity M CRS in the solvent mixture and
dilute to 20 mL with the solvent mixture. Dilute 1 mL of

Reference solution (b) Dllute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:
- size: I;;:; 0.25 m, 0 ;;:; 4.6 mm;
- starionary phase: end-eapped po/ar-embedded ocradecylsilyl

amorphous organosilica polymer R (5 urn).

Mobile phase:
- mobile phaseA: 6.97 gIL solution of dipotassium hydrogen

phosphate R adjusted 10 pH 7.20 with phosphoric acidR;
- mobile phase B: acetomtrile Rj

Tbne Mobile phase A MobUe phsse B
(min) (per cent VIP) (per cent YIP)

0·22 63 37

22 - 27 63 --> 35 37 --> 65
27 - 35 35 65

Flow rate 1.5 mUntin.

Detection Spectrophotometer at 278 om.
by«tion 10 1l1-.
Relative retention Withreference to verapamil (retention
time = about IS min): impurity I = about 1.3;
impurity M =aboul 2.4.

System suitability Reference solution (a):
- resolution: minimum 5.0 between the peaks due to

verapamil and impurity I;
- impurity M elutes from the column.
Limits:
- unspecified impuruies: for each impurity, not more than the

area of the principal peakin the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.3 per cent);

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained withreference solution (b)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.400 g in 50 mL of anhydrous echanol R and add
5.0 mL of 0.01 M hydrochloric acid. Tittale with 0.1 M

2022

sodium hydroxide, determining the end-point
potentiometrically (2.2.20). Measure the volume added
between the 2 points of inflexion.
I mL of 0.1 M sodium hydroxide is equivalent to 49.11 mg of
C27H39CIN204'

STORAGE
Protected from light.

IMPURITIES
Ocher detectable impun'ti<s (the following subS/ances u..uld, if
present at a sufficient level, bedetected by oneor other of the tests
in themonograph. Theyarelimited by thegeneral acceptance
criterion for ocherlunspecified impuriti<s andlor by the general
monograph SubS/ances forpharmaceutical use (2034). Ir is
therefore not neassary to identify these impun'ties for
demonstration 0/compliance. See also 5.10. Control of impurities

I,J, K, L..M.. N, 0 .. P.

A. N,N'-bis[2-(3,4-dimethoxyphenyl)ethyl)-N,N'­
dimethylpropane-l,3-diamine,

H'CO~I . CH

H,CO "" ~,'

B. 2-(3,4-dimethoxyphenyl)-N-methylethanantine,

C. 2-(3,4-dimethoxypheoyl)-N,N-dimethylethanantine,

D.3-chlom-N-[2-(3,4-dimethoxyphenyl)ethyl]-N­
me!hylpropan-l-amine,

E. (3,4-dimethoxyphenyl)methanol,

F. (2RSJ-2-(3,4-dimethoxyphenyl)-5-(methylamino)-2-(I­
methylethyl)pentanenitrile,
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2022 Vigabatrin 11-1287

G.3,4-<1imethoxybenz.ldehyde,

H. (2RS)-2-(3,4-dimethoxyphenyl)-5-[[2-(3,4­
dimethoxyphenyl)ethyl)(methyl).mino)-2­
ethylpentanenitrile,

N.5,5'-(methylimino)bis[2-(3,4-dimethoxyphenyl)-2-(I­
methylethyl)pentanenitrile],

OCH,

H'CO~ :cf'"OCH,

H3CO
R

N <>"
I •

CH3 eN
CH1 andenantlomer

I. (2RS)_2-(3,4-dimethoxyphenyl)-2-[2-[[2-(3,4-dimethoxy­
phenyl)ethyl)(methyl).mino)ethyl]-3-methylbutanenitrile,

e,-----------

and enanllomer
~Co,H

H,C /\
Ii NH:z

(ph. Bur. monograph 2305)

Vigabatrin

____________________ PhE'I

P. 2,6-bis(3,4-<1imethoxyphenyl)-2,6-bis(l-methylethyl)­
heptane-I,7-dinitrile.

H,CO
OCH,

andeoanliomer

N
I
CH,

H,CO

OCH,

H'CO'('t ~OCH'

H,CO~~~
H3C \ eN andenanliomer

CH,

J. (2RS)-2-(3,4-dimethoxyphenyl)-5-[[2-(3,4-<1imethoxy­
phenyl)ethyl).mino)-2-(l-methylethyl)pentanenitrile (N­
norverapamil),

PhE'I _

60643-86-9129.2

Action and use
Antiepileptic.

Preparations
Vigabatrin Oral Powder

Vigabatrin Tablets

DEFINITION
(4RS)-4-Antinohex-5-enoic acid.

Content
98.5 per cent to 101.5 per cent ~anhydrous substance).

CHARACTERS .
Appearance
White or almostwhitepowder.

SoIublIlty
Freely soluble in water) slightly soluble in methanol,
practically insoluble in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison vigabaoin CRS.

TESTS
Related substances
Liquid chromatography (2.2.29).

I•. h'

CN

CH,

K. (2RS)-2-(3,4-dimethoxyphenyl)-3-methylbutanenitrile,

L. 1-(3,4-dimethoxyphenyl)-2-methylprop.n-l-one,

M. 5,5 '-[[2-(3,4-dimethoxyphenyl)ethyl]iminoIbis [2-(3,4­
dimethoxyphenyl)-2- (I-methylethyl)pentanenitrile],
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11-1288 Vigabatrin

Test solution Dissolve 50.0 mg of the substance to be
examined in water R, usingsonication if necessary, and dilute
to 5.0 mL with the same solvent.
Reference solution (aJ Dilute 1.0 mL of the test solution to
100.0 mL with waterR.
Reference solution (b) Dissolve 7.5 mg of ttigabatrin
impurilyA CRS and 7.5 mg of vigabatrin impuniy B CRS in
water R and dilute to 50.0 mL with the same solvent. Dilute
2.0 mL of the solution to 20.0 mL with waterR.
Reference solution (c) Dissolve 5.0 mg of vigahacn"n
impurity E CRS and 10.0 mg of vigabam'n impurilyD CRS in
water R and dilute to 50.0 mL with the same solvent.
To 2.0 mL of the solution add 1.0 mL of reference
solution (a) and dilute to 20.0 mL with waterR.
Reference solarion (d) Dilute 2 mL of reference solution (b)
to 10 mL with water R.

-----COIumn:
- size: 1;;:; 0.10 m, 0 =4.6 rnm,
- stationary phase: end-capped solid we phenylhexylsilyl silica

gdfor chromatography R (2.7 um);
- temperature: 45 "C.

Mobile phase Dissolve 2.1 g of peifluorohepranoic acidR in a
mixture of 195 mL of methanol Rl and 805 mL of waterfor
chromatography R.

Flow rate 1.0 ml/min.

Post-column solution methanol R2.
Post-column flow rat-e 0.8 mUmin.
Detection Charged aerosol detector (gas source: nitrogen at
35 psi) and, for impurities A and B, spectrophotometer at
210 om. .

Autosampkr Set at 15 "C.

lnj«ulm 30 j.1l. of the test solutionand reference
solutions (b), (c) and (d).

Run rime 3 times the retention time of vigabatrin.

Identification of impurities Use the chromatogram obtained
with the spectrophotometer and with reference solution (b)
to identify the peaks due to impurities A and B; use the
chromatogram obtained with the charged aerosol detector
and with reference solution (c) to identify the peaks due to
impurities D and E.
Relau·ve retention With reference to vigabatrin (retention
time =about II min): impurity A =about 0.3;
impurity E =about 0.5; impurity D =about 0.6;
impurity B =about 2.3.

System suitability:
- resolution: minimum 1.5 between the peaksdue to

impurities E and D in the chromatogram obtained with
reference solution (c);

- signal-to-noise ratio: minimum J5 for the peak due to
vigabatrin in the chrO.p13togram obtained with reference
solution (c); minimurillO for the peak due to impurity B
In the chromatogram obtainedwith reference solution (d);

- symmetry factor. minimum 0.6 for the peaks due to
impurity D and vigabatrin in the chromatogram obtained
withreference solution (c); minimum 0.6 for the peaks
due to impurities A and B in the chromatogram obtained
with reference solution (b).

Calculation of percentage contents:
- for impurities A and B, use the concentration of each

impurity in reference solution (b);
- for impurity D, use the concentration of impurity D in

reference solution (c);

2022

- for impurities otherthanA, Band D, use the
concentration ofvigabauin in reference solution (c).

Limits:
- impun'ty D: maximum 0.2 per cent;
- impurities A, B (spectrophotometer at 210 nm): for each

impurity, maximum 0.15 per cent;
- unspecified impuniies: for each impurity, maximum

0.05 percent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.03 per cent.

Water (2.5.11)
Maximum 0.5 percent, determined on 0.300 g.

Sulfated ash (2.4.14)
Maximum 0.1 percent, determined on 1.0 g.

ASSAY

0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.21J).

I mL of 0.1 M perchloric acid is equivalent to 12.92 mg
of CoHIINO,.

IMPURITIES
Spedjied impurities A, B, D.
Ocher dete<table impurities (the following substances would, if
presen: at a suffidentlevd, be deteaed by oneor ocher of rhe rests
in the monograph. They are limited by thegeneral acceptance
criterion for ocherlunspedfied imprtrities. It is cherefore nor
neassary to identify these impurities for demonstration of
compliance. Seealso5.10. Control of impuniies in substances for
pharmaceutical use) E.

andenentcmer

A. (5RS)-5-ethenylpyrrolidin-2-one,

B. (2E)-2-(2-aminoethyl)but-2-enoic acid,

H,N~Co,H

D.4-aminobutanoic acid (GABA),

~Co,H

Hz<; :"\ __ I andenanliomer
H NH2C~H

E. 2-[ (2RS)-2-aminobut-3-en-I-yljpropanedioic acid.
___________________ PIIEII
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2022 Vinblastine Sulfate 11-1289

PhE" _

CHARACTERS
A white or slightly yellowish, crystaUine powder, very
hygroscopic, freely soluble in water, practically insoluble in
alcohol.

ASSAY
Examine by liquid chromatography (2.2.29).

Keep thesolutions in icedwaterbefore use.
Testsolution Dilute 1.0 mL of solution S (see Tests) to
5.0 mL with waterR.
Reference solution (a) Dissolve the contentsof a vial of
'Vinblastine sulfate CRS in 5.0 mL of waterR to obtaina

reference solution (c) (5.0 per cent). Disregard any peakwith
an area less than that of the peakin the chromatogram
obtained with reference solution (d).

Loss on drying
Not more than 15.0 per cent, determined on 3 mg by
thermogravimetry (2.2.34). Heat to 200·C at a rate of
5 "Omln, under a stream of nitrogen for chromatography R, at
a flow rate of 40 mUmin.

_____________________ PhE"

Reference solution (b) Dissolve 1.0 mg of vincristine
sulfate CRS in 1.0 mL of reference solution (a).
Reference sdution (c) Dilute 1.0 mL of reference solution (a)
to 50.0 mL with waterR.
Reference sdution (d) Dilute 1.0 mL of reference solution (c)
to 20.0 mL with walerR.
The chromatographic procedure may be carried out using:
- a stainless steel column 0.25 m long and 4.6 mm in

internal diameter packed with octy/si!YI silica gelfor
chromalQgraphy R (5 urn). Place between the injector and
the column a precolumnpacked with suitable silicagel,

- as mobilephase at a flow rate of 1.0 mUmin a mixture of
38 volumes of a 1.5 per cent VIV solution of
diethylamine R adjusted to pH 7.5 with phosphori!; acidR,
12 volumes of acetoniuiie R and 50 volumesof methand R,

- as detector a spectrophotometer set at 262 om,
- a loop injector.
Inject 10 J.tL of each solution and record the chromatograms
for 3 times the retention time of the peakdue to vinblastine.
The assay is not valid unless: in the chromatogram obtained
with reference solution (b) the resolution between the peaks
due to vincristine and vinblastine is not less than 4; the peak
in the chromatogram obtainedwith reference solution (d) has
a signal-to-noise ratio not less than 5. Calculate the
percentage content of C46HooN4013S from the area of the
principal peakin each of the chromatograms obtained with
the test solution and reference solution (a) and from the
declared content of vinblastine sulfate CRS.

STORAGE
Storein an airtight, glasscontainer, protected from light, at a
temperature not exceeding -20 DC. If the substance is sterile,
store in a sterile, airtight, tamper-evident glasscontainer.

**** ** ** ****

/43-67-9909

Vinblastine Sulphate
(Ph. Eur. monograph 0748)

Vinblastine Sulfate

DEFINlTION
Vinblastine sulfatecontains not less than 95.0 per cent and
not more than the equivalent of 104.0 per cent of methyl
(3aR,4R,5S,5aR, I ObR,13aR)-4-(acetyloxy)-3a-ethyl-9-
[(5S,7R,9S)5-ethyl-5-hydroxy-9-(methoxycarbonyl)­
1,4,5,6,7,8,9,lo-octahydro-2H-3,7-methanoazacycloundecino
[5,4-b) indol-9-yl)-5-hydroxy-8-methoxy-6-methy1­
38,4,5,53,6,11,12, 13a-oetahydro-lH-indolizino[8,I-cd]
carbazole-5-carboxylate sulfate, calculated with reference (0

the dried substance.

IDENTIFICATION
A. Examineby infrared absorption spectrophotometry
(2.2.24), comparing with the Ph. Eur. reference SP/XtTUm of
vinblasn"ne sulfate.
B. Examine the chromatograms obtained in me assay.
The principal peak in the chromatogram obtainedwith the
test solution is similar in position and approximate size to me
principal peakin the chromatogram obtainedwith reference
solution (a).

TESTS
SolutionS
Dissolve 50.0 mg in carbon dioxide-free waterR and dilute to
10.0 mL with the same solvent.

Appearance of solution
Solution S is clear(2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method l).

pH (2.2.3)
Dilute 3 mL of solution S to 10 mL with carbon dioxide-free
waterR. The pH of this solution is 3.5 '0 5.0.

Related substances
Examine the chromatograms obtained in me assay. In the
chromatogram obtainedwith the test solution, the area of
any peak apart from the principal peakis not greater man the
area of the principal peak in the chromatogram obtained with
reference solution (e) (2.0 per cent) and the sum of the areas
of any such peaks is not greater than 2.5 times the area of
the principal peak in the chromatogram obtained with

------ etion-an -llse-----­
Vinca alkaloid cytotoxic.

Preparation
Vinblastine Injection
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Vincamine
(ph. Bur. monograph 1800)

Action and use
Vasodilator.

o

1617-90-9

chromatogram obtainedwilh reference solution (b) to
identify the peaks due to impurities A, Band C.

Relative retention With reference to vincamine (retention
time =about 10 min): impurity A =about 0.8;
impurity B = about 0.9; impurity C = about 1.35.

System suitabIlity Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity Band vincamine.

Calculation of percentage contents:
- for each impurity, use the concentration of vine amine in

reference solution (a).

Limits:
- impurities A, C: for each impurity, maximum 0.5 per cent,
- unspecified imputities: foreach impurity, maximum

0.10 percent;

H,CO

Sulfated ash (2.4.14)
Maximum0.2 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 gin 30 mL of a mixture of 1 volume of acetic
anhydn°de R and 5 volumes of anhydrous acetic addR. Titrate
with 0.1 M perch/om acid, determining the end-point
potentiometrically (2.2.21J).
1 mL of 0.1 M perrhloric acid is equivalent to 35.45 mg of
C"H2.N20,.

IMPURlTIES
Sj>«ified impurities A, C.

Otherdetectable impun'IiM (thefolluwing subS/anus would, if
presenl al a sufficient level, bedetected by oneorother of the res"
in the monograph. They arelimired by thegeneral accepranu
crirerion for otherlunsptcified impurities andlor by liregeneral
monograph Substances for pharmaaulical use (2034). II is
rherefore not neassary 10 idenlify these impurilUs for
demonstration of compliance. Seealso 5.10. Control of impurities
in substances for pharmaceutical use) B, D.

A. methyl 14-hydroxy-IO-methoxyvincane-14Il-carboxylate
(IO-methoxyvincamine),

B. methyl 14-hydroxyvincane-I4«-carboxylate (14-eprc
vincamine),

---.- - --·--=reporting IhriShoTd:0:05 per cerif.----·

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by dryingin
an oven at 105 "C.

DEFINITION
Methyl 14-hydroxyvincane-14p-carboxylate.

Content
99.0 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powder.

Solubillty
Practically insoluble in water, soluble in methylene chloride,
slightly soluble in anhydrous ethanol.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

Comparison oincamine CRS.

TESTS
Specific optical rotation (2.2.7)
+ 44.3 to + 49.0 (dried substance).

Dissolve 0.1 g in dimerhylfomtamide R and dilute to 20.0 mL
with the samesolvent.

Related substances
Liquid chromatography (2.2.29). Prepare rhe solmUms
immediately before use. Dissolve thesamples using sonication,
wJn"le avoiding any overheating.
Testsolulian Dissolve 50.0 mg of the substance to be
examined in 10 mL of retralr;drofuran R and dilute to
100.0 mL with the mobile phase.

Referenre solurion (0) Dilute 1.0 mL of the test solution to
200.0 mL with the mobile phase.

Reference solution (b) Dissolve 5 mg of vintamine for system
suitabili,y CRS (containing impurities A, Band C) in 1 mL
of rerralr;drofuran R and dilute to 10 mL with the mobile
phase.
Column:
- size: 1= 0.25 m, 0 = 406 mm;
- sta,ionary phase: end-capped oaadecylsilyl silica gelfor

chroma.ograplr; wi,h embedded potar groups R (5 urn).

Mobile phase rerrahydrofuran R, a","'nitrile R, 15.4 gIL
solution of ammonium aUlare R (17:18:65 VIVIJI).
Flowrate 100 mUmin.
Detection Spectrophotometer at 272 nm.
Injmion 20 pL.

Run time 3.5 times the retention time of vincamine.
Identification of impurilies Use the chromatogram supplied
with -umcamme for system suitability CRS and the

- -----PhEII----- ------------
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C. methyl I4-hydroxy-1 7,18-didehydrovincane-14p­
carboxylate (17, 18-didehydrovincamine),

I H N

TESTS
Solution S
Dissolve 50.0 mg in carbon dioxide-free walerR and dilute to
10.0 mL with the same solvent. Keep the solution in iced waur
to cany aut the lestfor related substances.

Appearance of solution
Solution S is clear(2.2.1) and not moreintensely coloured
than reference solution Y7 (2.2.2, Me/hod1).

pH (2.2.3)
3.5 to 4.5.

Dilute 2 mL of solution S to 10 mL with cosbon dioxide:free
water R.

Related substances
Liquid chromatography (2.2.29). Keep me solutions in iced
water before use.

____________________ PIIE"

**** ** ** ****

2068-78-2923

------------

D. methyl 14,15-didehydcovincane-14-casboxylate waw R.
(apovincamine). Reference solution (a) Dissolve the contents of a vial of

vincristine sulfate CRS in 5.0 mL of water R (0 obtain a
concentration of 1.0 mglmL.
Reference solution (b) Dissolve 1.0 mg of vinblastine
sulfate CRS in 1.0 mL of reference solution (a).

Reference solution (c) Dilute 1.0 mL of the test solution to
50.0 mL with waw R.
Reference solution (d) Dilute 1.0 mL of reference solution (c)
to 20.0 mL with waW R.
Precolumn:
- stationary phase: octy/si/yl siliro gelfor chromatography R.

Colunm:
- size: / = 0.25 m, 0 = 4.6 mm,
- stationary phase: octy/silyl silica gelfor chromatography R

(5 um).

Mobilephase:
- mobile phaseA: 1.5 per cent VIVsolution of diethylamine R

adjusted to pH 7.5 withphasphoric acidR,
- mobile phase B: methanol R,

Vincristine Sulfate
Vincristine Sulphate
(ph. Eur. monograph 0749)

Action and use
Vinca alkaloid cytotoxic.

Preparation
Vincristine Injection

Time
(min)

0- J2

12 - 27

MobUe phase A
(per cent V/J?

3.
38 --> 8

Mobile phase B
(per cent VJ1I)

62
62 ~ 92

PIlE.. _

DEFINITION
Methyl (3aR,4R,5S,5aR, I ObR,13aR)-4-(acetyloxy)-3a-ethyl­
9-[(5S,7R,9S)-5-ethyl-5-hydroxy-9-(methoxycasbonyl)­
1,4,5,6,7,8,9,10-octahydro-2H-3,7-methanoazacycloundecino
[5,4-b]indol-9-yl]-6-fonnyl-5-hydroxy-8-methoxy­
3a,4,5)5a)6,11, I2)13a-octahydro-lH-indolizino[8) I-cd]
carbazole-5-carboxylate sulfate.

Content
95.0 per cent to 104.0 per cent (dried substance).

CHARACTERS
Appearance
Whiteor slightly yellowish, crystalline powder, very
hygroscopic.

Solubility
Freely soluble in water) slightly soluble in alcohol.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Bur. reference spectrum of vincristine sulfate.

Flow rare 2 mllmin.

Detection Spectrophotometer at 297 nm.

Injection 20 It1..
System suitability Reference solution(b):
- resolution: minimum 4 between the peaks due to

vincristine and vinblastine.
Limits:
- any impurity: not morethan the area of theprincipal peak

in the chromatogram obtained with reference solution (c)
(2.0 per cent),

- 1OU1l: not more than2.5 times the area of the principal
peakin the chromatogram obtained with reference
solution (e) (5.0 per cent),

- disregard limit: area of the peakin the chromatogram
obtained with reference solution (d) (0.1 per cent).

Los. on drying
Maximum 12.0 per cent) determined on 3 mg by
thermogravimetry (2.2.34). Heat the substance to be
examined to 200°C increasing the temperature by 5°C/min)
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- - -------5 ore.In.a.a e e,-a ,- amper-evr en -g ass-con mer. -----

C. methyl (3aR,4R,5S,5aR,IObS,13aR)-4-(acetyloK}')-3a­
ethyl-9-[(5S,7R,9S)-5-ethyl-5-hydroxy-c­
(methoxycarbonyl)-I,4,5,6,7,8,9, IO-oetahydro-2H-3,7­
methanoazacycloundecino [5,4-b] indol-9-yl]-5-hydroK}'-8­
methoxy-3a,415,5a,6,IJ,12,13a-octahydro-JH-indoJizino
[8,I-cdlcarbazole-5-carboxyJate (N-desmethylvinblastine),

E. methyl (3aR,4R,5S,5aR,lObR,13aR)-3a-ethyl-9-
[(5S, 7R,9S)-5-ethyl-5-hydroK}'-9-(methoK}'carbonyl)-
J,4,5,6,7,8,9,1 o-octehydro-2H-3,7­
methanoazacycloundecino[5,4-b]indol-9-yl)-4,5-dihydroK}'­
a-methoxy-c-methyl-
3a,4,5,5a,6,II, 12,13a-octahydro-I H-indolizino[8,J-tdj
carbazole-Secarboxylate (deacetylvinblastine),

D. methyl (3aR,4R,5S,5aR,IObR,13aR)-3a-ethyl-9-
[(5S,7R,9S)-5-ethyl-5-hydroK}'-9-(methoK}'corbonyl)­
1,4,5,6,7,8,9,1O-octahydro-2H-3,7­
methanoazacycloundecino[5,4-b]indol-9-yl]-6-formyl-4,5­
dlhydroxy-S-methoxy-3a,4,5,5a,6,11,12,13a-octahydro-
IH-indolizino[8, l-cdj carbazole-S-carboxyiate
(deacetylvincristine),

F. methyl (3aR,4R,5S,5aR, IObR,13aR)-4-(acetyloK}')-3a­
ethyl-9-[(IaS, lIS,13S,13aR)-la-ethyl-ll­
(methoxycarbonyll-Ia,4, 5, I 0, II ,12, 13, 13a:oetahydr~-2H­
3,13-methano-oxireno[9,10]azacycloundecmo[5,4-b]mdol­
II-yl]-5-hydroxy-8-methoxy-6-methyl-
3a,4,5,5a,6,11,12,13a-oetahydro-lH-indolizino[8, l-edj
carbazole-S-carboxylate (leurosine),

under a current of nitrogen for chromatography R, at a flow
rate of 40 mIJrnin.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances, with the following modifications.
Mobile phase Mix 30 volumes of a 1.5 per cent VIV solution
of diuhylamine R adjusted to pH 7.5 with phosphoric acid R
and 70 volumes of methanol R.
Flow rate 1.0 mUmin.

Calculate the percentage content of C4Jf5SN"OBS using the
chromatogram obtained with reference solution (a) and the
declared content of vincristine sulfate CRS.

STORAGE
In an airtight, glasscontainer, protected from light, at a
temperature not exceeding -20°C. If me substance is sterile,

.--CH3
N .. OH

/~HN H CH,H r .. ./
". O...............CHJ

'. H ~ . II
. I. (':'0 0

o HCO ~ NOH'
3 CHO OCH3

IMPURITIES
Specified impurities A, B, C, D, H.

Otherdeu</able impurities (me following substances would, if
present at a sufficient level, be detected by one or other of the tests
in the monograph. They are limited by the general acaplance
criterion for otherlwllpedfied impurities andfor by thegeneral
monograph Substances for pharmaceutical use (2034). II is
therefore not necessary to identify these ;mpuniies for
demonstration of compliance. See also5.10. Control of ;mpuniies
in substances for pharmaceutical use) E, F, G.

A. methyl (3aR,4R,5S,5aR,IObR,13aR)-4-(acetyloK}')-3a­
ethyl-9- [(5R,7S,9S)-5-ethyl-5,6-<1ihydroK}'-9­
(methoxycarbonyll-J,4,5,6,7,8,9, I 0-oetahydro-2H-3,7­
methanoazacycloundecino[5,4-b]indol-9-yl]-6-formyl-5­
hydroxy-8-methoxy-3a,4,5,5a,6,11,12,13a-oetahydro-lH­
indolizino[8,I-cdjcarbazole-5-carboK}'late (3'-hydroxy­
VCR),

B. methyl (3aR,4R,5S,5aR,IObR,13aR)-4-(acetyloK}')-3a­
ethyl-9- [(5R,7S,9S)-5-ethyl-9:(methoK}'carbonyl)­
1,4,5,6,7,8,9,I~octahydro-2H-3,7­

methanoazacycloundecino[5,4-b]indol-9-yl]-6-formyl-5­
hydroxy-Bcmethoxy-3a,4,5,50,6,11,12,13a-<>etahydro-1H­
indolizino[8,I-cdjcarbazole-5-corboK}'late (4'­
deoxyvincristine),

•
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CH,

G. methyl (3aR,4R,5S,5aR,IObR, 13aR)-4-(acetyloxy)-3a­
ethyl-9-[(laS, IIS,13S,l3aR)-1 a-ethyl-l L
(methoxycarbonyl)-la,4,5, I0, 11,12,13,13a-octahydro-2H­
3, 13-methano-oxireno[9,IOJ azacycloundecinc[5,4-b] indol­
ll-ylj-6-formyl-5-hydroxy-8-methoxy-
3a,4,5,5a,6,11,12,13a-octahydro-lH-indolizino[8, I-cd]
carbazole-f-carboxylare (forrnylleurosine),

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spectrum of vindesine sulfateo

TESTS
Solution S
Dissolve 50 mg in carbon dioxide-free waterR and dilute to
10 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and not more intensely coloured
than reference solution Y7 (2.2.2, Method 1)0

pH (2.2.3)
3.5 to 5.5 for solution S.

Related substances
Liquid chromatography (2.2.29). Keep the solurwns in iced
water before use.

Time MobUe phase A MobUe phase B
(min) (per cent VIJI) (per cent YIJI)

0-40 •• 51

40 - 49 49 ---0 30 51 ---0 70

49·60 30 70

. ~o..

Vindesine Sulfate

H. vinblastine.

Vindesine Sulphate
(ph. Eur. monograph 1276)

-------- -----Test-solution-Bissolve--lQ;O-mg-o - e-Sll stance-to- e
examined in waterR and dilute to 10.0 mL with the same
solvent.
Reference solution (a) Dilute 1.0 mL of the test solution to
50.0 mL with waterR. Dilute 1.0 mL of this solution to
10.0 mL with waterR.
Reference solurion (b) Dissolve 1.0 mg of
desruery/fJinblasr;ne CRS in waterR, add 1.0 mL of the test
solution and dilute to 50.0 mL with waterR.
Reference solution (e) In order to prepare impurity A in situ,

____________________ Ph Elf dissolve0.2 g of the substance [0 be examined in dilute
hydrogen peroxide solurion R and dilute to 20.0 mL with the
same solvent. Dilute 2.0 mL of the solution to 10.0 mL with
wow R. Inject the solution wilhin J h of preparation.
Column:
- size: 1= 0.15 m, 0 = 4.6 mm;
- srationary phase: base-deactivated end-capped octadecylsilyl

silil:a gelfor chromatography R (5 urn).

Mobile phase:
- mobile phaseA: 1.5 per cent VIV solution of diethylamine R

adjusted to pH 7.4 with phosphoric acidR;
- mobile phase B: methanol R;

852 59917-39-4

Action and use
Vinca alkaloid cytotoxic.

Preparation
ViodesineInjection

PIlE" ~ _

DEFINITION
3-(Carbamoyl)-O'-deacetyl-3-de(methoxycarbonyl)
vincaleukoblastine sulfate.

Content
96.0 per cent to 103.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, amorphous, hygroscopic substance.

Solubillty
Freelysolublein water and in methanol, practically insoluble
in cyclohexane,

Flow rate 2 mllrnin.

Detection Spectrophotometer at 270 nm.

Injection 200 pL.

Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peakdue to
impurity A. .
Relative retention With reference to vindesine (retention
time =about 25 min): impurity A =about 0.2.

System sw'rabiliry Reference solution (b):
- the retention time. of vindesine is less than 40 min;
- resolution: minimum 2.0 between the peaksdue to

vindesine and desacetylvinblastine;
- symmetry factor: maximum 2.0 for the peakdue to

vindesine.
Limits:
- impun·ty A: not more than 2.5 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (0.5 per cent);
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/25317-39-71079

N CH3
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N H CH,
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H~C' X
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H,CO

o
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N OH

~
N H'I CH,

·H .../
OH

o ~ ' .. ,p- H ·'H,
H c.... ";:'0

3 H CO ~ N OHI
o 3 CH3 NH2

(Ph. Bur. monograph 2107)

Vinorelbine Tartrate

B. vincaleukoblastine (vinblastine),

A. 3-(carbamoyl)-0'-deacetyl-3-de(methoxycamonyl)
vincaleukoblastine ,Nil-oxide (vindesine 'w-oxide),

____________________ PhE<I

C. O'-deacetyl-23-demethoxy-23­
hydrazinylvincaleukoblastine (deacetylvinblastine
hydrazide).

Pl>E<I ~ _

Action and use
Vinca alkaloid cytotoxic.

C"H#.O,o

DEFINITION
4/-Deoxy-3',4'-didehydro-8 ' -norvincaleukoblastine
dihydrogen bis[(2R,3R)-2,3-dihydroxybutanedioate].

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

waterbefore use.
Test solution Dissolve 5.0 mg of the substance to be
examined in waterR and dilute to 10.0 mL with the same
solvent.
Referenusolution (aJ Dissolve and dilute the entire contents
of a vial of oindesine sulfate CRS with water R to yield a
concentration of approximately 0.50 mg/mL.

Referenre solutien (b) Add 1.0 mg of desaretylvinblastine CRS
to 2.0 mL of reference solution (a).

Column:
- size: 1= 0.15 m, 0 =4.6 mm;
- statienary phase: ortade<ylsi/yl silica gelfor chromatography R

(5 pm).

Mobile phase Mix 38 volumes of a 1.5 per cent VIV solution
of diethylamine R, previously adjusted to pH 7.4 with
phosphoric acidR, and 62 volumes of methanal R.

Flow rate 1 mUmin.
Detection Spectrophotometer at 270 run.
Inje<tion 20 IlL.
Sysrem suitability Reference solution (b):
- resolution: minimum 1.5 between the peaks due to

vindesine and desacetylvinblastine;
- symmetry factor: maximum 2.0 for the peak due to

vindesine;
- repeatabih"ty: maximum relative standard deviation of

1.5 per cent for the peak due to vindesine after
5 injections.

Calculate the percentage content of C4:Ji57N5011S taking
into account the assigned content of 1Jjndesine sulfate CRS.

STORAGE
In an airtight, high-density polyethylene container with a
high-density polyethylene cap, at a temperature of -50 "C or
below. If the substance is sterile, store in a sterile, airtight,
tamper-evident container.

IMPURITIES
Specified impuriJies A.
Other dete<talJle impurities (the following substanres would, if
present at a sufficient level, be detected by one oroilier of the tesrs
in the monograph. They are limited by thegeneral acceptance
criterion for other/unspecified impurities and/or by thegeneral
monograph Substanres for pharmaceutical use (2034). It is
therefore not necessary to identify these impun'ties for
demonstration of compliance. See also 5./0. Control of impurities
in substances for phamraceutical use) B, C.

- unspecified impurities: for each impurity, not more than
0.5 times the area of the principal peak in the
chromatogram obtained with reference solution (a)
(0.10 per cent);

- total: not more than 4 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.8 per cent);

- disregard limit: 0.25 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Water (2.5.32)
Maximum 5.0 per cent, determined on 50.0 mg using the
evaporation technique at 150 DCj weigh the sample in an
inert atmosphere and carry out a blank test.

ASSAY
. iced
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Flow rate 2.0 mllmin.

Detection Spectrophotometer at 267 nm.

Aurosampler Set at 5°C.

Injection 20 ~L.

Identification 0/impun"c;es Use the chromatogram obtained
with reference solution (a) to identify the peak due to
impurity A; use the chromatogram supplied with vinorelbine
for peak idmtification B CRS and the chromatogram obtained
with reference solution (d) to identify the peaks due to
impurities C and Ii use the chromatogram supplied with

CHARACTERS
Appearance
White or almost white powder, hygroscopic.

Solubllity
Freely soluble in water and in methanol, practically insoluble
in hexane.

IDENTIFICATION·
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve 10 mg in 5 mL of waterR.
Add 0.5 mL of sodium hydroxide solution R. Extract with
5 mL of methylene chloride R. Dry the organic layer over
anhydrous sodium sulfare R, filter and reduce its volume to
about 0.5 mL by evaporation and apply to a disc of potassium
bromide R. Evaporate and record the spectrum.

Comparison vinorelbine tartrate CRS, treated as described

Time
(min)

0-5

5 - 45

45 - 50

Mobile phase t\
(pel' cent VIP)

45

45 ..... 20

20

MobUe phase B
(per cent Vm

55

55 --> 80

80

B. It gives reaction (b) of tartrates (2.3.1).

TESTS
Solution S
Dissolve a quantity equivalent to 0.140 g of the anhydrous
substance in carbon dioxide-free water R and dilute (Q 10.0 mL
with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and its absorbance (2.2.25) at
420 om is not greater than 0.030.

pH (2.2.3)
3.3 to 3.8 for solution S.

Related substances
Liquid chromatography·(2.2.29): use the nonualisation
procedure.

Solvent mixture Mobile phase A, mobile phase B
(45:55 VIV).
Test solution Dissolve 35.0 mg of the substance to be
examined in the solvent mixture and dilute to 25.0 mL with
the solvent mixture.

Reference solution (a) Dissolve 14 mg of vinore1bine
tartrate CRS in water R and dilute to 10 mL with the same
solvent. Expose this solution for 1 h to a xenon lamp
apparatus at a wavelength of 310-880 run, supplying a dose
of 1600 kJ/m2 at a fluence rate of 500 W/m2 in order to
generate impurity A.
Reference solutwn (b) Dilute 1.0 mL of the test solution to
20.0 mL with me solvent mixture. Dilute 1.0 mL of this
solution to 100.0 mL with the solvent mixture.

Reference solution (c) Dissolve 7 mg of flinorelbine for peak
identification A CRS (containing impurity K) in the solvent
mixture and dilute to 5 mL with the solvent mixture.

Reference solutwn (d) Dissolve 7 mg of flinorelbine for peak
identification B CRSi (containing impurities C and I) in the
solvent mixture and dilute to 5 mL with the solvent mixture.

Column:
- size: I = 0.15 m, 0 =4.6 mrn;
- statitmary phase: spherical end-eapped OCladecylsilyi silica gel

for chromatography R (5 urn);
- temperature: 30 "C.
Mob,Ie phase:
- mobile phaseA: mix 14 mL of diethylamine Rand 986 mL

of waterfor chromatography R and adjust to pH 7.5 with
dilute phosphoric acidR;

- mobile phase B: acetonitrile R, methanol R (20:80 VIV);

---wnore ne-or-pea - entr cat1oo- .an e-------
chromatogram obtained with reference solution (e) to identify
the peak due to impurity K.
Relative retention With reference to vinorelbine (retention
time :::;; about 20 min): impurity C =about 0.65j
impurity K =about 0.8; impurity A =about 0.9;
impurity I =ahout 1.2.

System suitability Reference solution (a):
- rno/uu"on: minimum 1.5 between the peaks due to

impurity A and vinorelbine.

Limits:
- impun"ty A: maximum 0.3 per cent;
- impurities C, I) K: for each impurity, maximwn

0.2 per cent;
- unspecified impun·cies: for each impurity) maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent (principal peak in the

chromatogram obtained with reference solution (b)).

Boron
Maximum 50 ppm.

Testsolution Dissolve 0.10 g of the substance to be
examined in 2 mL of waterR. Slowly add 10.0 mL of sulfuric
add R while cooling in iced water. Stir and allow to warm to
room temperature. Add 10.0 mL of a 0.5 gIL solution of
carminic add R in sulfuric acid R.
Reference solution Dilute 2.5 mL of a 0.572 gIL solution of
boric acid R to 100.0 mL with waterR. To 2.0 mL of this
solution slowly add 10.0 mL of sulfuri< acidR while cooling
in iced water. Stir and aUow to warm to room temperature.
Add 10.0 mL ofa 0.5 gIL solution of carminic acidR in
su/ft/ric tum R.
Blank solution To 2.0 mL of waterR slowly add 10.0 mL of
sulfuric acid R while cooling in iced water. Stir and allow to
warm to room temperature. Add 10.0 mL of a 0.5 gIL
solution of carminic acid R in suljurk acid R.

After 45 min, measure the absorbance (2.2.25) of the test
solution and the reference solution, between 560 run and
650 nm, using the blank solution as compensation liquid.
The maximum absorbance value of the test solution is not
greater than that of the reference solution.

Fluorides
Maximum 50 ppm.

Potentiometry (2.2.36) l'r1.ethod 1) using a ftuoride-selective
indicator electrode and a silver-silver chloride reference
electrode.
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D. (6'RS)-4'-deoxy-3',4'-didehydro-S'-norvinealeukoblastine
6'-oxide,

E. 4'-deoxy-3'a,4'a.-epoxyvincaleukoblastine (leuroslne),

F. (6'RS)-4'-deoxy-6'-methyl-3',4'-didehydro-6'-azonia-Sf­
norvincaleukoblastine,

G.4'-deoxy-3'a,4'a-epoxy-8'-norvincaleukoblastine,

Test solution Dissolve 0.19 g of the substance to be
examined in 20 mL of water R. Add 5.0 mL of total-ionic­
strength-adjustment buffer R and dilute to 50 mL with waterR.
Reference solutions To 0.6 mL, O.S mL, 1.0 mL, 1.2 mL and
1.4 mL offluoride standard solutwn (10 ppm F) R, add
5.0 mL of total-ionic-strength-adjustment buffer R and dilute to
50 mL with waterR.
Introduce the electrodes into the reference solutions and
allow to stand for 5 min. Determine the potential difference
between the electrodes after I min of stabilisation. Using
semi-logarithmic paper plot the potential difference obtained
for each reference solution as a function of concentration of
fluoride. Using exactly the sameconditions, determine the
potential difference obtained with the test solution and
calculate the contentof fluoride.

Water 2.5./2
--I'Aaximum-4:0-percent,determined-on-O.250-g.---­

ASSAY
Dissolve 0.350 gin 40 mL ofglacial acetic acidR. Titrate
with O. / M perchloric acid, determining the end-point
potentiomelrieally (2.2.20).

I mL of 0./ M perchloric acid is equivalent to 53.96 mg
of C5.3H66N4020'

STORAGE
Under an inert gas, protected from light, at a temperature
not exceeding -15 DC.

IMPURITIES
Specified impurities A, C, I, K.
Otherdetectable impurities (thefo/Wwing substances would, if
present at a suffident level, be detected by oneor other01the tests
in the monograph. They are limited by thegeneral acuptance
criterion for other/unspecified impurities and/orby the general
monograph Substances for pharmaceutical use (2034). II is
therefore not nu:essary to identify these impmlties for
demonstraaon of compliance: See also 5. / O. Control of impurities
in substances forpharmaceutical use) B, D, E, P, G, H, J.

A. 3,4'-d.ideoxy-3,~-epoxy-3',4',7,8-tetradehydro-6,7M

dihydro-8' -nor-3~-vincaleukoblastine,

H,CO

N~I:H'H CH,
'H -'.j

N OH
H "'~ H -"H

I . 0
HCO ~ N o~·(·

0' 'OCHcH, s

H. 4'-deoxy-3',4'-didehydro-8',24-dinorvincaleukoblastine,

B. a'-deacetyl-t'-deoxy-3',4'-didehydro-Si­
norvincaleukoblastine,

C. unknown structure,
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____________________ PIIE"

IDENTIFICATION
A. Specific optical rotation (see Tests).
B. Infrared absorption spectrophotometry (2.2.24).

Comparison vinpoutine CRS.

TESTS
Specific optical rotation (2.2.7)
+ 127 to + 134 (dried substance).

Dissolve 0.25 g in dimeehylformamide R and dilute to 25.0 mL
with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Tesc solution Dissolve 50.0 mg of the substance to be
examined in the mobilephaseand dilute to 50.0 mL with
the mobilephase.
Reference solution (a) Dilute 1.0 mL of the test solution to

Reference solution (b) Dissolve 5.0 mg of vinpocetine
impun'ty B CRS, 6.0 mg of vinpocetine impurity A CRS,
5.0 mg of vinpoe<tine impurity C CRS and 5.0 mg of
oinpocetine impun"ty D CRS in the mobilephase and dilute to
50.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
and 1.0 mL of reference solution (b) to 20.0 mL with the
mobilephase.
Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfar

chromawgraphy R (5 urn).

Mobl7e phase 15.4 gIL solution of ammonium aceuue R,
acewnilrile R (45:55 VII').

Flew rate 1.0 mlJmin.
Detection Spectrophotometer at 280 run.
Injection 15 ~L

Run time 3 times the retention timeof vinpocetine.
Relative retention With reference to vinpocetine (retention
time =about 16 min): impurity A =about 0.4;
impurity D = about0.68; impurity B = about 0.75;
impurity C =about 0.83.

System suitability Reference solution (c):
- resolution: minimwn 2.0 between the peaks due to

impurities D and B.
Limits:
- ;mpun'ty A: not more than the area of the corresponding

peakin the chromatogram obtained withreference
solution (c) (0.6 per cent);

- impurities B, D: foreach impurity, not more than the area
of the corresponding peak in the chromatogram obtained
withreference solution (c) (0.5 per cent);

- impun'ty C: not more than 0.6 times the area of the
corresponding peak in the chromatogram obtained with
reference solution (c) (0.3 per cent);

- unspecified impurities: foreach impurity, not more than the
area of the peakdue to vinpocetine in the chromatogram
obtained with reference solution (c) (0.10 per cent);

- total: not more than 10 times the area of the peakdue to
vinpocetine in the chromatogram obtained with reference
solution (c) (1.0 per cent);

- disregard limit: 0.5 times the area of the peak due to
vinpocetine in the chromatogram obtained withreference
solution (c) (0.05 per cent),

4297/-09-5

andeplmer al C'

CH3
.j

H_. O........".....CH3
'H II

-.. 00

H3C/'-Oyn

6~J
350.5

Action and use
Vasodilator.

K.4'-deoxy-8'-nor-4/afJ-vincaleukoblastine.

J. 4 f-deoxy-3',4'-didehydrovincaleukoblastineJ

PIlE" ~

(ph. Bur. monograph 2139)

Vinpocetine

I. I'r-brcmc-a r-deoxy-3/Al-didehydro-8'­
norvincaleukoblastine,

DEFINITION
Ethyl (13aS, 13bS)-13a-ethyl-2 ,3,5 ,6, 13a,13b-hexabydro-1H­
indolo[3,2, I-de]pyrido[3,2, I-il)[I ,5)naphthyridine-12­
carboxylate.

Content
98.5 per cent to 101.5 per cent (dried substance).

CHARACfERS
Appearance
White or slightly yellow, crystalline powder.

Solubility
PracticaUy insoluble in water, soluble in methylene chloride,
slightly soluble in anhydrous ethanol.
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------------aU.:(E)'-retiiiOl-----------H-------C2QHiOO----286S---------

all-(E)-retinolacetate CO-CH] Cz2HnO z 328.5

aJl-{E)-retinol propionate CO-C:!H, CZlHj40Z 342.5

all-(E)-relinol palmitate Co-CI~H31 Cy)I6002 524.9

M,Molecular
formula

R

Vitamin A
(Ph. Eur. monograph 02/7)

In the British Pharmacopoeia, the term 'Retinol' is used
within titles for preparations containing synthetic ester(s) and
the term 'Vitamin A' within the title for the preparation
containing material of natural origin.

Substance

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuo in an oven at 100 °C for 3 h.

Sulfated ash (2.4./4)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in 50 mL of a mixture of equal volumes of
acetic anhydride R and anhydrous acetic acidR. Titrate with
0.1 M perchloric acid, determining the end-point
potentiometrically (2.2.21f).

I mL of O. / M perchloric acid is equivalent to 35.05 mg
of CnH,oN,O,.

IMPURITIES
Specified impurities A, B, C, D.

.-------- ----- -'---diP-<,lH-
HaC-<;O. ' .

N N
H

A. ethyl (l2S, l3aS, l3bS)-13a-ethyl-12-hydroxy-
2,3,5,6,12,13, 13a, 13b-octahydro-lH-indolo[3,2,1­
d'Jpyrido[3,2,I-ilJ [1,5Jnaphthyridine-12-<:arboxylate (ethyl
vincaminate},

B. methyl (l3aS,13bS)-l3a-ethyl-2,3,5,6,l3a,l3b-hexahydro­
IH-indolo[3,2, 1-d'J pyrido[3,2, I-ilJ [I ,5)naphthyridine-12­
carboxylate (apovincamine),

o CH,

C. ethyl (l3aS,13bS)-13a-ethyl-lO-methoxy-2,3,5,6,l3a,13b­
hexahydro-IH-indolo[3,2,1-d'Jpyrido[3,2, l-ilJ
[I,5) naphthyridine-12-carboxylate (methoxyvinpocetine),

H,C,,-....~J-,H CH,

N N and enantJomer

" I H •

D. ethyl (l2RS,l3aRS,l3bRS)-l3a-ethyl­
2,3,5,6,12,13,13a, 13b-octahydro-1H-indolo(3,2, 1­
d,)pyrido[3,2, l-ilJ [1,5] naphthyridine-12-carboxylate
(dihydrovinpocetine).

_____________________ Ph,,,

Preparation
Paediatric Vitamins A, C and D Oral Drops
Ph'" _
DEFINITION
Vitamin A Refers to a number of substances of very similar
structure (including (Z)-isomers) found in animal tissues and
possessing similar activity. The principal and biologically
most active substance is aU-(E)-retinol (all-(E)-3,7-dimethyl­
9-(2,6,6-trimethylcyclohex-l-enyl)nona-2,4,6J8-te rraen-l-ol,
C2oH300). Vitamin A is generally used in the form of esters
such as the acetate, propionate and palmitate.

Synthetic retinol ester Refers to an ester (acetate, propionate
or palmitate) or a mixture of synthetic retinol esters.

The activity of vitamin A is expressed in retinol equivalents
(RE.). I mg R.E. corresponds to the activity of I mg of aU­
(E)-retinol. The activity of the other retinol esters is
calculated stoichiometricaUy, so that I mg R.E. of vitamin A
corresponds to the activity of:
- 1.147 mg of aU-(E)-retinol acetate,
- 1.195 mg of aU-(E)-retinol propionate,
- 1.832 mg of aU-(E)-retinol palmitate.

International Units (lU) are also used to express the activity
of vitamin A. 1 ill of vitamin A is equivalent to the activity
of 0.300 ug of aU-(E)-retinol. The activity of the other retinol
esters is calculated stoichiometrically, so that I ill of
vitamin A is equivalent to the activity of:
- 0.344 ~g of aU-(E)-retinol acetate,
- 0.359 pg of aU-(E)-retinol propionate,
- 0.550 ~g of aU-(E)-retinol palmitate,

1 mg of retinol equivalent is equivalent [Q 3333 IV.

CHARACTERS
Appearance
Retinol acetate: pale-yeUow crystals (mp: about 60°C). Once
melted retinol acetate tends to yield a supercooled melt.

Retinol propionate: reddish-brown oily liquid.

Retinol palmitate: a fat-like, light yeUow solid or a yellow oily
liquid, if melted (mp: about 26 'c).

SolublUty
All retinol esters are practically insoluble in water, soluble or
partly soluble in anhydrous ethanol and miscible with organic
solvents.
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Vitamin A and its esters are very sensitive to the action of air,
oxidising agents, acids, light and heat.

Cany out the assay and all tests as rapidly as possible, awit!ing
exposure to actinic light and air, oxidising agents, oxidation
catalysts (e.g. ropper, iron), acids and heat;use fre,hly prepared
solutions.

IDENTIFICATION
A. Thin-layer chromatography (2.2.27).

Test sdution Prepare a solution containing about 3.3 IV of
vitamin A per microlitre in cyclohexane R containing 1 gIL of
bury/hydroxytaluene R.
Reference solution Prepare a 10 mglmL solution of retinol
esters CRS (i,e. 3.3 IU of each ester per microlitre) in
cyclohexane R containing I gIL of bury/hydroxytoluene R.
Plate TLG silica gelFZ54 plate R.

The thresholds indicated under Related substances
(Table 2034.-1) in the general monograph Substances for
pharmaceutical use (2034) do not apply.

ACTIVITY
The activity of the substance is determined in order to be
taken into account for the production of concentrates,

Dissolve 25-100 mg, weighed with an accuracy of
0.1 per cent, in 5 mL ofpenrane R and dilute with
2-propanol RI to a presumed concentration of 10 IU/mL to
15 IU/mL. Measure the absorbance (2.2.25) at the
absorption maximum at 326 nm. Calculate the activity of
vitamin A in International Units per gram from the
expression:

A J 26 X Vx 1900
100xm

IMPURITIES

--- -- -- ----,- -- --- -----·----------Afi6

____________________ PIlE"

-= - -absorbance·at-326-nm.-----
mass of the substance to be examined, in grams•
total volume to which the substance to be examined is diluted
to give 10 IU/mL to 15 IU/mL,
factor to conven the specific absorbance of esters of retinol into
International Units per gram.

v

1900

STORAGE
In an airtight container, protected from light.

Once the container has been opened) its contents are to be
used as soon as possible; any part of the contents not used at
once should be protected by an atmosphere of inert gas.

LABELLING
The label slates:
- me number ofIntemational Units per gram,
- the name of the ester or esters.

A. R =H, CO-CHJ : kitols (Diels-A1der dimers of
vitamin A),

..

B. (38,58,7E)-3,7-dimethyl-9-[(IZ)-2,6,6-trimethylcyclohex­
2-enylidene]nooa-l,3,5,7-tetraene (anhydro-vitamin A),

H~OH

C. (38,58,7E)-3,7-dimethyl-9-[(1Z)-2,6,6-trimethylcyclohex­
2-enylidene]nona-3,5,7-trien-l-ol (retro-vitamin A),

D. oxidation products of vitamin A.

Applic<Uion 3~.

Deudopmenc Over 213 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om.
Systemsuitab,lity Reference solution:

- the chromatogram shows the individual spots of the
corresponding esters. The elution order from bottom
to top is: retinol acetate, retinol propionate and retinol
palmitate.

Results The composition of esters is confirmed by the
correspondence of the principal spot or spots of the test
solution with those obtained with the reference solution.

B. Related substances (see Tests).

TESTS
Retinol
Thin-layer chromatography (2.2.27).

Test solution Prepare a solution in cydohexane R, stabilised
with a solution containing 1 gIL of bulylhydroxyUJIuene R,
containing about 330 ill of vitamin A per microlitre.

Reference 'olutUm Shake I mL of the test solution with
20 mL of 0.1 M tetrabutylommonium hydroxide in 2-propanol
for 2 min and dilute to 100 mL with cydohexane R, stabilised
with a solution containg 1 gIL of butylhydroxywluene R.
Plate TLG silicagel F254 plateR.

Mobile phase «her R, cyclohexane R (20:80 VII-').

Application 3 ~L.

Development Over a path of 15 em.

Drying In air.

Detection Examine in ultraviolet light at 254 om.

System suitability Reference solution:
- in the chromatogram obtained no or only traces of the

retinol esters are seen.

Limit Anyspot corresponding to retinol in the
chromatogram obtained with the test solution is not more
intense than the spot in the chromatogram obtained with the
reference solution (1.0 per cent).

Related substances
Ultraviolet and visible absorption spectrophotometry (2.2.25).

Test so/urian The solution described under Activity.

Absorption maximum At 325 nm to 327 run.

Absorbance ratios:
- A3oo1A326 ;;;; maximum 0.60;
- A3501A326 ;;;; maximum 0.54;
- A3701A326 ;;;; maximum 0.14.
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Natural Vitamin A Ester Concentrate
DEFINITION
Natural Vitamin A Ester Concentrate consists of a natural
ester or a mixture of natural esters of retinol or of a solution
of the ester or mixture of esters in Arachis Oil or other
suitable vegetable oil. It contains in 1 g not less than
485,000 IU of vitamin A and not less than 97.0% of the
number of ill of vitamin A stated on me label. It may
contain a suitable antioxidant or mixture of antioxidants.

CHARACTERISTICS
A yellow oil or a mixture of oil and crystalline material which
yields a homogeneous yellow oil on warming.

Solubility
Practically insoluble in water; soluble or partly soluble in
ethanol (96%); miscible with ether and with petroleum spirit.

2022

water. Transfer the hydrolysate to a separating funnel using
three 50 mL quantities of ether and extract the vitamin A by
shaking for 1 minute. After complete separation discard the
aqueous layer and wash me extract with four 50 mL
quantities of water, mixing very cautiously during the first
two washes to avoid the formation of emulsions. Evaporate
the separated extract [0 about 5 mL and remove the
remaining solvent in a current of oxygen-/ree nitrogen without
the application of heat. Dissolve the residue in sufficient
petroleum spirit (boih"ng range, 4U' to 6Cf) to produce a
solution of retinol containing about 340 ill per ml.,

Develop until the solvent front approaches the bottom of the
paper. Examine the dried paper under ultraviolet light
(365 nm). The fluorescence of any spot corresponding to
retinol in the chromatograms obtained with solution (I) is
not more intense than that of the spot in the corresponding

The above expression can be used only ifA325 has a value of
not greater than -daas, COlT 10.970 where A 325• corr is the
corrected absorbance at 325 run and is given by the equation:

Am. core = 6.815Am - 2.555A3IO - 4.260Am
where A designates the absorbance at the wavelength
indicated by the subscript.

IfA325 has a value greater than A325, COlT I 0.970, calculate
the content of vitamin A from the expression:

ASSAY
Cony out the test as rapidly as possible, avoiding exposure UJ

actinic light and air, oxidising agents, oxidation catalysts
(e.g. ~()pper and iron) and adds.
Examine by ultraviolet absorption sp«trophowmetryJ
Appendix IT B (Method A). If method A is found not to be
valid, examine by liljuid chromatography, Appendix ill D
(Method B).

Method A
Testsolution To a quantity of the substance being examined
containing 50,000 ill in a round-bottomed flask) add 3 mL
of a freshly prepared 50% w/w solution ofpotassium hydroxide
and 30 mL of absolute ethanol. Boil under a reflux:condenser
in a current of nitrogen for 30 minutes. Cool rapidly and add
30 mL of water. Extract with four 50 mL quantities of ether
discarding the lower layer after complete separation. Wash
the combined upper layers with four 50 mL quantities of
water and evaporate to dryness under a gentle current of
nitrogen at a temperature not exceeding 30° or in a rotary
evaporator at a temperature not exceeding 30° under reduced
pressure (water ejector). Dissolve the residue in sufficient
propan-2-ol to give an expected concentration of vitamin A
equivalent to 10 to 15 ill per mL.
Measure the absorbances, Appendix Il B, of the solution at
300 nm, 310 nm, 325 nrn and 334 om and at the
wavelength of maximum absorption with a suitable
spectrophotometer in l-em specially matched cells, using
propan-2-ol as the compensation liquid.
Calculate the content of vitamin A, as all-crans-retinol, in ill
per gram from the expression:

. ----IDENTIFICATION-- -----

A. Dissolve a quantity containing 10 IV in a mixture of 100
parts of absolute erhanol and I pan of hydrochloric acid.
The light absorption, Appendix II B, of the solution
immediately after preparation exhibits a single maximum at
326 nm. Heat the solution in a water bath for 30 seconds
and cool rapidly. The light absorption in the range 300 to
400 nm exhibits a low maximum or inflection at 332 nm and
sharp maxima at 348, 367 and 389 nm.

B. Dissolve a quantity containing 30 IU in 1 mL of
chloroform and add 10 mL of antimony trichloride solution.
A transient bright blue colour is produced immediately.

TESTS
Acid value
Not more than 2.0, Appendix X B.

Peroxide value
Place I g in a hoiling tube (20 em x 2.5 em) and dissolve in
20 mL of a mixture of 2 volumes of glacial acetic acidand
I volume of ethanol-free chloroform. Add 1 g of finely
powdered potassium iodide and pass a rapid current of oxygen­
free nitrogen through the mixture for 1 minute. Stopper the
tube loosely, partly immerse in boiling water for 30 seconds
and then in water at 80° for 2 minutes, tighten the stopper
and cool rapidly. Transfer the contents to a flask containing
25 mL of a freshly prepared 1% wlv solution of potassium
iodide, rinse the tube with a further 25 mL of the potassium
iodide solution, shake the combined solution and rinsings
and titrate with O.OIM sodium rhicsu/fate VS. Repeat the
procedure without the concentrate. The difference between
the titrations does not exceed 1.4 mL.

Retinol
Carry out the method for descending paper chromawgraphy,
Appendix ill E, using a mixture of 70 volumes of l,4-dioxan)
15 volumes of methanol and 15 volumes of watercontaining
1% w/v of butylated hydroxyanisok in the bottom of the tank
and as me mobile phase. Saturate the paper with a 10% w/v
solution of liquid paraffin in petroleum spirit (boiling range, 4Cf
to 6U') and dry without the aid of heat. Apply separately to
the impregnated paper 5 ~L and 10 1'1. of each of the
following freshly prepared solutions. For solution (I) dissolve
sufficient of the concentrate in petroleum spin't (lxHling range,
4U' to 6U') to yield a solution containing 16,150 to
17,850 IU per mL. For solution (2) mix a quantity of the
concentrate containing not less than 500 IV of vitamin A
and not more than 1 g of fat with 30 mL of absoluee ethanol
and 3 mL of a 50% w/w solution of potassium hydroxide. Boil
gently under a reflux condenser in a current of oxygen.jiw
nitrogen for 30 minutes, cool rapidly and add 30 mL of

v

1830

1830A325x--xV100m

absorbance at 325 om,
mass of the substance10 be examinedin
grams,
total volume of solutioncontaining 10 IV to
15 ru of vitaminA per ml.,
conversion factor for the specific absorbance
of all-mills-retinol in IV.
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For solution (3) proceed as described for solution (I) but use
2 mL of solution (2) in place of the substance being
examined.

The exact concentration of solution (3) is assessed by
ultraviolet absorption spoctrophotometry, Appendix II B. Dilute

abwrba1/u at 325 run,
volume of the diluted solution,
volume of solution (3) used,
conversion factor for me specific absorbance of
all-tnml-retinol in IV.

area of the peak corresponding ro aU·tmns­
retinol in the chromatogram obtained with
solution (I).
area of the peak corresponding 10 all·ttans­
retinol in the chromatogram obtained with
solution (3),
concennatjon of retjnyl autau EPCRS in
solution (2) as assessed prior to the
saponification in International Units per mL
(1000]v per mL).
volume of solution (2) treated,
mass of the substance being examined in
solution (I).

A 1830xV.
32'x 100xV,

c

A,

V

'"

where A}2'j

V,
V,
1830

e.c oma ograp G-proce ure-may- ecame -ollt-usmg-----·
(a) a stainless steel column (25 em x 4.6 mm) packed with
octadecylsiJyl silica gelfor chromatography (5 um to I0 urn),
(b) as mobile phase at a flow rate of I mL per minute a
mixture of 3 volumes of waterand 97 volumes of methanol)
(c) a detection wavelength of 325 run, (d) a IO 1'1. loop
injector and (e) an electronic integrator.

Inject in triplicate solution (I) and solution (3).
The retention time of all-nuns-retinol is 5 minute ±
1 minute.

The assay is not valid unless (a) the chromatogram obtained
with solution (J) shows a peak corresponding to that of all­
Irons-retinol in the chromatogram obtained with solution (3),
(b) when using me method of standard additions to solution
(1) there is greater than 95% recovery of the added retinyl
atetate EPCRS) and (c) the recovery of all-trans-retinol in
solution (3) as assessed by direct absorption
spectrophotometry is greater than 95%.

Calculate the content of vitamin A using the following
expression:

STORAGE
Vitamin A Ester Concentrate (Natural) should be kept in an
airtight container, protected from light and stored at a
temperature of So to 15°. Once the container has been
opened its contents should be used as soon as possible; any
part of the contents not used at once should be protected by
an atmosphere of an inert gas.

LABELLING
The label states (I) the number of ill (Units) of vitamin A
per g; (2) the name of the ester or esters; (3) the name and
proportion of the principal excipients; (4) the method of
restoring the solution if partial crystaUisation has occurred.

solution (3) with propan-2-ol Rl !O a presumed concentration
of 10 ill per mL to 15 IU per mL of all-trans-retinol and
measure the absorbance at 325 nm in matched 1 cm cells
using propa1l-2-ol RJ as the compensation liquid.

Calculate the content of all-trans-retinol in IV per millilitre of
solution (3) from the expression:

absorbanu at 326 om,'
volume of the diluted solution.
volume of solution (2) used,
conversion factor for the specific absorbance
of retinyl auuJte EPCRS in ill.

A 1900xV2

'26
x

100xVj

An 6

V,
V,
1900

a-re us-eon enser-on-a-water-bath-for-l-5-minutes.
Add 100 mL of a 1% wlv solution of sodium chloride and
cool. Transfer the solution to a 500 mL separating funnel
rinsing the round-bottomed flask with about 75 mL of a
1% wlv solution of sodium chlon"de and then with 150 mL of a
mixture of equal volwnes of petroleum spirit (boiling range, 4fr
co 6Cf) and ether. Shake for 1 minute. When the layers have
separated. completely) discard the lower layer and wash the
upper layer) first with 50 mL of a 3% wlv solution of
potassium hydroxide in a 10% vlv solution of ethand (96%)
and then with three 50 mL quantities of a 1% wlv solution of
sodium chloride. Filter the upper layer through 5 g of
anhydrous sodium sulfate on a fast filter paper into a 250 mL
flask suitable for a rotary evaporator. Wash the funnel with
10 mL of fresh extraction mixture) filter and combine the
upper layers. Distil them at a temperature not exceeding 30°
under reduced pressure (water ejector) and fill with nitrogen
when evaporation is completed. Alternatively evaporate the
solvent under a gentle current of nitrogen at a temperature
not exceeding 30°. Dissolve the residue in propan-2-ol)
transfer (Q a 25 mL volumetric flask and dilute to 25 mL
with propan-2-o1. Gentle heating in an ultrasonic bath may be
required. For solution (2). prepare a solution of retinyl
a<etate EPCRS in tmJPan-2-ol Rl so that I mL contains about
1000 ill of all-trans-retinol.

The exact concentration of solution (2) is assessed by
ultraviolet absorption spectrophotometry) Appendix n B.
Dilute solution (2) with propan-2-o1 Rl to a presumed
concentration of 10 ill per mL to 15 IU per mL and
measure the absorbance at 326 om in matched l-em cells
using propan-2-o1 Rl as the compensation liquid.

Calculate the content of vitamin A in ill per mL of solution
(2) from the following expression) taking into account the
assigned content of rennyl ouulte EPCRS:

The assay is not valid unless:

(a) the wavelength of maximum absorption lies between
323 run and 327 run and

(b) the absorbance at 300 run relative to that at 325 om is at
most 0.73.

MethodB
Carry out the method for liquidchromatography,
Appendix ill D, using the following solutions. Prepare
solution (1) as follows. To a quantity of the substance being
examined containing 50)000 IV in a round-bottomed flask,
add 5 mL of a freshly prepared 10% w/v solution of ascorbic
acidand 10 mL of a freshly prepared 80% w/v solution of
potassium hydroxide and 100 mL of etlumd (96%). Boil under

whore
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(Ph. Eur. monograph 2576)

Voriconazole

Ph,,, _

Detection Spectrophotometer at 256 run.

Injection 20 J.lL of the test solutionand reference
solutions (b) and (c).

Run time 2.5 times the retention timeof voriconazole.
Relative retention \Vith reference to voriconazole (retention
time := about 7 min): impurity D := about 1.5.
Sysum suitability Reference solution (b):
- resolution: minimum 4.0 between the peaksdue to

voriconazole and impurity D.
Limil:
- impurity D: not more than the area of the principal peak

in the chromatogram obtained with reference solution (c)
(0.2 per cent).

Impurity E
Liquid chromatography (2.2.29).

eSf-S uuon-- sso ve
examined in 5.0 mL of methanol R and dilute to 10.0 mL
with the mobile phase.
Reference solution (a) Dissolve 25.0 mg of wJiconazol,
impurity E CRS in 50 mL of methand R and dilute 10

100.0 mL with the mobile phase.

Reference salution (b) Dissolve 17 mg or sodium chloride R in
waterR and dilute to 200.0 mL with the same solvent.
Mix I mL of the solution, I mL of reference solution (a) and
25 mL or methanol R and dilute to 50.0 mL with the mobile
phase.
Reference solution (c) To 1.0 mL or reference solution <a)
add 25 mL or methanol Rand dilute 10 50.0 mL with the
mobile phase.
Column:
- size: /;;;; 0.25 m, 0 ;;;; 4.0 nun;
- stationary phase: strongly basic anion-exchange resin for

chromatography R (8.5 urn};
- temperature: 40 DC.

MobJephase To 1500 mL of waterR add 500 mL of
methanol R, mix and degas; add about 175 ~L or a 470 gIL
solutionof sodium hydroxide R andmix.
Flow rate 1.0 mUmin.
Detection Conductivity detector, use a self-regenerating
anionsuppressor.
Injection 20 IJL of the test solution and reference
solutions (b) and (c).

Run time Twice the retention time of impurity E.
Relative retention With reference to Impurity R (retention
time > about 4 min): chloride e about 1.5.
System suitability:
- resolution: minimum3.5 between the peaks due to

impurity E and chloride in the chromatogram obtained
with reference solution (b),;

- symmetry factor- maximum 1.7 for the peakdue to

impurity E in the chromatogram obtained with reference
solution (c).

Limit:
- impun·ty E: not "more than the area of the principal peak in

the chromatogram obtained with reference solution (c)
(0.10 per cent).

Related substances
Liquid chromatography (2.2.29).

Test solution (aJ Dissolve 50.0 rng of the substance to be
examined in the mobile phase, sonicating if necessary, and
dilute to 100.0 mL with the mobile phase. Mix well to
ensure complete dissolution.

137234-62-9

F

349.3

DEFINITION
(2R,3S)-2-(2,4-Dilluorophenyl)-3-(5-lIuoropyrimidin-4-yl)-I­
( IH-I ,2,4-triazol-I-yl)butan-z-ol,

Content
97.5 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
Whiteor almostwhite powder.

Solubility
Very slightly soluble in water, freely soluble in acetone and in
methylene chloride. .

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ooiiconaeote CRS.
B. Enantiomeric purity (see Tests).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
M,lhod II).

Dissolve 0.5 g in a 103 gIL solution of hydrochwrn acidRand
dilute to 20 mL with the same solution.

Enantlomerlc purity
Liquid chromatography (2.2.29).

Test solution Dissolve 25.0 mg of the substance to be
examined in 2 mL of aceumitrile R and dilute to 50.0 rnL
with the mobile phase.
Reference solution (a) Dissolve 5.0 mg of voriconazol,
impurily D CRS in 2 mL of acetonitrile R and dilute to
50.0 mL with the mobile phase.

Reference solution (b) Dissolve 25 mg of the substance to be
examined in 2 mL of acetonitrile R, add I mLof reference
solution (a) and dilute 10 50.0 mL with the mobile phase.

Reference solution (c) Dilute 1.0 mL of reference solution (a)
10 100.0 mL with the mobile phase.

Column:
- size: I ;;;; 0.25 m, 0 ;;;; 4.6 mm;
- stationary phase: silica gelBC for chiral chromawgraphy R

(5 pm);
- temperature: 30 DC.

MobJ, phase Mix 18 volumes of amonitn7, Rand
82 volumesof a 0.77 gIL solution of ammonium acetate R
previously adjusted 10 pH 5.0 with glacial acetic acidR.
Flow rate 1.0 mIlmin.

Action and use
- - ----An ga .
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Test solution (b) Dilute 5.0 mL of test solution (3) to
100.0 mL with the mobile phase.

Reference solution (a) Dissolve 50.0 mg of vori<onazole CRS
in the mobilephase, sonicatingif necessary, and dilute to
100.0 mL with the mobile phase. i\ilix well to ensure
completedissolution. Dilute 5.0 mL of the solution to
100.0 mL with the mobile phase.

Reference solution (b) Suspend 0.100 g of the substance to
be examined in 10 mL of a 40 gIL solution of sodium
hydroxide R and dilute to 20 mL with the mobile phase;
sonicate if necessary. Allow to standfor 30 min. Dilute
1.0 mL of the solution to 100.0 mL with the mobile phase
(in sicu degradation to obtain impurities A and C).
Reference solution (c) Dilute 1.0 mL of test solution (a) to
100.0 mL with the mobile phase and mix. Dilute 1.0 mL of
this solution to 10.0 mL with the mobilephase and mix well.

- 0 It- ISSO ve. -mg-o fJonamaz e-
impuriry B CRS in the mobile phase and dilute to 200 mL
with the mobilephase. Dilute 1.0 mL of me solution to
10.0 mL with the mobile phase.

Column:
- size: 1= 0.15 m, 0 = 3.9 mm;
- stationary phase: end-capped octadecylsi/yl silica gelfor

chromatography R (4 J.UIl);
- temperature: 35 "C.

Mobl1e phase Mix 15 volumes of acetonitrile R, 30 volumes
of methanol Rand 55 volumes of a 1.90 gIL solution of
ammonium formate R previously adjusted to pH 4.0 with
anhydrous formic acid R while stirring continuously.
Flow rau 1.0 mUmin..
Detection Spectrophotometer at 256 run.
Injection 20 ~L of test solution (a) and reference
solutions (b), (c) and (d).

Run time 3 times the retention time of voriconazole.
Identification of impurities Use the chromatogram obtained
with reference solution (b) to identify the peaksdue to
impurities A and C,; use the chromatogram obtained with
reference solution (d) to identify the peakdue to impurity B.
Relative retention Wirh reference to voriconazole (retention
time = about 8 min): impurity A = about 0.25;
impurity C =about 0.3; impurity B =about 0.6.

System suitability Reference solution (b):
- resolution: minimum 1.8 between the peaksdue to

impurities A and C.
Limits:
- correction factors: for the calcuJation of content) multiply

the peakareas of the following impurities by the
corresponding correction factor: impurity A = 0.7,;
impurity B = 2.1; impurity C = 0.7;

- impuriues A) BJ C: for each impurity) not more than
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.15 per cent);

- unspecified impunnes: for each impurity) not more man the
area of the principal peak in the chromatogram obtained
with reference solution (c) (0.10 per cent),

- sum of impurities A) BJ CJ DJ E and unspecified impuniies:
maximum 0.5 per cent;

- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtainedwithreference solution (c)
(0.05 per cent).

Water (2.5.12)
Maximum 0.4 per cent) determined on 1.00 g.

Voriconazole 11-1303

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g in a platinum
crucible.

Bacterial endotoxins (2.6.14)
Less than 0.2 ill/mg) if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.
Injection Test solution (b) and reference solution (a).
Calculate the percentage contentof CIJII-IF~50 from the
declared content of voriconazole CRS.

STORAGE
If the substance is sterile, store in a sterile, airtight, tamper-

IMPURITIES
Specified impuniies A, B, CJ D, E.

A. 1-(2,4-dilluorophenyl)-2- (1H-l ,2,4-triazol-l-yl)ethanone,

B. (2RS,3SR)-2-(2,4-di1luorophenyl)-3-pyrimidin-4-yl-l-(1H­
1,2,4-triazol-l-yl)butan-2-01,

C. 4-ethyl-5-lluoropyrimidine,

D. (2S,3R)-2-(2,4-dilluorophenyl)-3-(5-lluoropyrimidin-4-yl)­
1-( IH-I,2,4-triazol-I-yl)butan-2-01 (voriconawle
enanricmer),
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____________________ "'EII

PIlE" _

- Flow rate 1.5 mUmm.
Detection Spectrophotometer at 260 run.
Jnje<tiOrl 20 ~L.

Run lime Twice the retention time of warfarin.
Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities B and C.
Relative retention With reference to warfarin (retention
time = about 9 min): impurity B = about0.4;
impurity C = about 0.6.

System suitaln1ity Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities B and C.
Limits:
- correction faaon: for the calculation of content,multiply

the peakareas of the following impurities by the
corresponding correction factor: impurity B = 0.5;
impurity C = 0.4;

- impurities B, C: for each impurity, not more than
1.5 times the are. of the principal peak in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- unspeajied impuniies: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained withreference solution (b)
(0.3 per cent);

- disregard limit: 0.5 times the area of theprincipal peak in
the chromatogram obtained with reference solution (b)
(0.05 per cent).

Phenolic ketones
Dissolve 1.25 gin. 20 gIL solution of sodium hydroxide R
and dilute to 10.0 mL with the same solvent.
The absorbance (2.2.25) is maximwn0.20 measured'at
385 nrn within i5 min of preparing the solution. '

Propan-z-ol (2.4.24, SystemA)
Maximum 0.5 per cent,

Water (2.5.11)
Maximum 4.0 per cent, determined on 0.750 g.

ASSAY
Dissolve 0.100 g in 0.01 M sodium hydroxide and dilute to
100.0 mL with the same solvent. Dilute 10.0 mL of the
solution to 100.0 mL with 0.01 M sodium hydroxide. Dilute
10.0 mL of this solution to 100.0 mL with 0.01 M sodium
hydroxide. Measure the absorbance (2.2.25) at the absorption
maximum at 308 run.

Testsolution Dissolve40.0 mg of the substance to be
examined in the solvent mixture and dilute to 50.0 mL with
the solvent mixture.
Reference ,oIution (a) Dissolve 2 mg of 4-hydroxyroumarin R
(impurity B) and 2 mg of benzalacetone R (impurity C) in
25 mL of melhanol R and dilute to 100 mL with waterR.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solventmixture.

Column:
- size: 1= 0.25 m, 0 = 4.0 nun;
- ,tationary phase: cyano"lyl,aka gelfor ehromawgraphy R

(5 pm);
- temperature: 30 "C.

klobiJe phase glacial acetic add R, acetonitrile R, waterR
1:2 :75 VWI .

**** ** *
*****

129-06-6

andenantiomer

and enanuoner

330.3

CH,

~
SO'H

. 0
HJC "
H3C v,

H

(ph. Bur. monograph 0698)

Warfarin Sodium

E. [(IR,4S)-7,7-dimethyl-2-oxobicyclo[2.2.I]hept-l-yl]
methanesulfonic acid «±)-IO-camphOlsulfonic acid).

Action and use
Vitamin K epoxidereductase inhibitor; oralanticoagulant
(coumarin).

Preparations
Warfarin Oral Suspension
Warfarin Tablets

DEFlNITION
Sodium 2-oxo-3-[(IRS)-3-oxo-I-phenylbutyl]-2H-I­
benzopyran-a-olate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, hygroscopic, amorphous powder.

Solubility
Very soluble in water and in ethanol (96 percent), solublein
acetone,veryslightly solublein methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison warfarin sodium CRS.
B. Propan-2-ol (see Tests).

C. It gives reaction (b) of sodium (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2,
MelhodJI).

Dissolve 1.0 g in waterR and diluteto 20 mL with the same
solvent.

pH (2.2.3)
7.6 to 8.6.

Dissolve 1.0 g in Ulrbon dioxide-free waterR and dilute to
100 mL with the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmixture melhanol R, waterR (25:75 VIV).
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Content
- war/an·n sodium: 98.0 per cent to 102.0 per cent

(anhydrous and propan-2-ol-free substance);
- propan-2-o1: 8.0 per cent to 8.5 per cent.

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Verysoluble in water) freely soluble in ethanol (96 per cent),
soluble in acetone, veryslightlysolublein methylene
chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison warfan'n sodium clathrate CRS.
B. Propan-2-ol (see Tests).

pH (2.2.3)
7.6 to 8.6.

Dissolve 1.0 g in carbon dioxide-free waterR and dilute to
100 mLwith the same solvent.

Related substances
Liquid chromatography (2.2.29).

Solventmixture methanol R, waterR (25:75 VW).

Testsolution Dissolve 40.0 mg of the substance to be
examinedin the solventmixtureand dilute to 50.0 mL with
the solvent mixture.
Reference solution (a) Dissolve 2 mg of 4-hydroxycoumarin R
(impurity B) and 2 mg of benzalacetone R (impurity C) in
25 mL of methanol R and dilute to 100 mL with waterR.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:
- size: 1= 0.25 m, 0 = 4.0 mm;
- stationary phase: cyanosily/ silica gelfor chromategraphy R

(5 fUll);
- temperature: 30 "C.

Mobile phase glacial acetic acidRJ aceumiuile R) water R
(1:25:75 VIVW).

Flow rate 1.5 mUmin.

Deuction Spectrophotometer at 260 run.

Injection 20 IlL:
Run time Twice the retention timeof warfarin.
Identification of impuniies Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities Band C.
Relativeretention Withreference to warfarin (retention
time =about 9 min): impurity B =about 0.4;
impurity C = about 0.6.

Systemsuitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities Band C.

TESTS
Appearance of solution
The solution is clear (2.2.1) and colourless (2.2.2)
Method If).

Dissolve 1.0 g in water Rand dilute to 20 mLwith the same
solvent.

--e:lt gives reaction (O)ofSO<lium (2.,.-1).

**** ** ** ****

andenantiomer

CH,

andenanliomer • HO-{
CH,

CH,

° ""I"",

IMPURITIES
Specified impurities B, C.
Otherdetectable impurities (the following substances would, if
presem at a mffickntleve/, be detected by oneor other 0/the tests
in the monograph. Theyare limitedby thegeneral acceptance
cruetion for other/unspecified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
there/ore not necessary to identify these impurities for
demonstration of compliance. See also5.10. Control of impurities
in substances forpharmaceutical use) A.

Calculate the percentage content of C19H15Na04 taking the
specificabsorbance to be 431.

STORAGE
In an airtight container, protected from light.

(ph. Bur. monograph 0699)

Warfarin Sodium Clathrate

B. 4-hydroxy-2H-I-benzopyran-2-one (4-hydroxycoumarin),

A. (5RSJ-3-(2-hydroxyphenyl)-5-phenylcyclohex-2-enone,

('y0yO

"Y
OH

°

Action and use
Vitamin K epoxide reductase inhibitor; oral anticoagulant
(coumarin).

Preparation
Warfarin Tablets

C. (3E)-4-phenylbut-3-en-2-one (benzaJacetone).

DEFINITION
Mixture, in the form of a clathrate, of warfarin sodium
(sodium 2-ox0-3-[(IRSJ-3-oxo-I-phenylbutyl]-2H-l­
benzopyran-4-olate) and propan-2-o1 in molecular
proportions 2:1 (equivalent to about 92 per cent of warfarin
sodium).
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Limits:
- cotreaion factors: for the calculation of content, multiply

the peak areas of the following impurities by the
corresponding correction factor: impurity B =: 0.5;
impurity C = 0.4;

- impurities B, C: for each impurity, not more than
1.5 times the area of the principal peak in the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- unspecified impuniies: for each impurity, not more than the
area of me principal peak in the chromatogram obtained
with reference solution (b) (0.10 per cent);

- total: not more than 3 times the area of the principal peak
in the chromatogram obtained with reference solution (b)
(0.3 per cent);

- disregard litmi: 0.5 times the area of the principal peak in

(y0,o
0y

OH

B. 4-hydroxy-2H-l-benzopyran-2-one (4-hydroxycoumarin),

C. (3E)-4-phenylbut-3-en-2-one (benzalacetone).
___________________ PhE"

PhE" ~ _

0.5 g
0.5 g
0.5 g
0.5 g
0.5 g
0.3 g

0.024 g
0.3 g

15.0 g
to 1000 mL

Yea31~

Proteose peptone
Casein hydrolysate
Glucose
Starch
Dipotassium hydrogen phosphate
Magnesium sulfate, anhydrous
Sodium pyruvate

A""
Purified water

PURIFIED WATER IN BULK
PRODUCTION
Purified water in bulk. is prepared by distillation, by ion
exchange, by reverse osmosis or by any other suitable method
from water that complies with the regulations on water
intended for human consumption laid down by the
competent authority.

Purified water in bulk is stored and distributed in conditions
designed to prevent growth of micro-organisms and to avoid
any other contamination.

MIcrobiological monitoring
During production and subsequent storage, appropriate
measures are taken to ensure that the microbial count is
adequately controlled and monitored. Appropriate alert and
action levels are set so as to detect adverse trends. Under
normal conditions, an appropriate action level is a microbial
count of 100 CFU/mL, determined by filtration through a
membrane with a nominal pore size not greater than
0.45 pm, using R2A agar and incubating at 30-35 °C for not
less than 5 days. The size of the sample is to be chosen in
relation to the expected result.

R2A agar

Purified Water
(Ph. Bur. mQ1lograph 0008)

H20 18.02

DEFINITION
Water for the preparation of medicines other than those mat
are required to be both sterile and apyrogenic, unless
otherwise justified and authorised.

(0.05 per cent).

Phenolic ketones
Dissolve 1.25 g in a 20 gIL solution of sodium hydroxide R
and dilute to 10.0 mL with the same solvent.
The absorbance (2.2.25) is maximum 0.20 measured at
385 nm within 15 min of preparing the solution.

Propan-z-ol (2.4.24, System A)
8.0 per cent to 8.5 per cent.

Water (2.5.12)
Maximum 0.3 per cent, determined on 2.500 g.

ASSAY
Dissolve 0.100 ginO. 01 M sodium hydroxide and dilute to
100.0 mL with the same solvent. Dilute 10.0 mL of the
solution to 100.0 mL with 0.01 M 'odium hydroxide. Dilute
10.0 mLofthis solution to 100.0 mLwith 0.01 M 'odium
hydroxide. Measure the absorbance (2.2.25) at the absorption
maximum at 308 nm.

Calculate the percentage content of warfarin sodium
(C'9H15NaO.) taking the specific absorbance to be 431.

STORAGE
In an airtight container, protected from light.

IMPURITIES

~
ified impurities B, C.

erdetectable impurities (the following substances would, if
pent at a sufficient level, be deteertd by oneor otherof the tests
in the monograph. They arelimitedby thegeneral acceptance
criterion for other/unspecified impun'ries and/or by the general
mQ1lograph SubseanCM for pharmaceutical use (2034). It is
there/ore not necessary to identify these impun·ties for
demonstration of compliame. See also 5.10. Control of impurities
in substances for pharmaceutical use) A.

OH

°
A. (5RS)-3-(2-hydroxyphenyl)-5-phenylcyciohex-2-enone,

Adjust the pH so that after sterilisation it is 7.2 ± 0.2.
Sterilise by heating in an autoclave at 12J °C for IS min.
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Growth promotion of R2A agar
- Preparation of test strains, Use standardised stable

suspensions of test strains or prepare them as stated in
Table 0008.-1. Seed lot culture maintenance techniques
(seed-lot systems) are used so that the viable micro­
organisms used for inoculation are not more than 5
passages removed from the original master seed-lot. Grow
each of the bacterialstrains separately as described in
Table 0008.-1. Use buffered sodium chloride-peptone
solution pH 7.0 or phosphate buffer solution pH 7.2 to
make test suspensions. Use the suspensions within 2 h, or
within 24 h if stored at 2-8 "C. As an alternative to
preparing and then diluting a fresh suspension of
vegetative cells of BacillusSUblilis, a stable spore
suspension is prepared and then an appropriate volume of
me spore suspension is used for test inoculation.
The stable s ore sus ension rna be maintained at 2-8 °C

Water 11-1307

value found is within 2 per cent of the certified value,
otherwise re-calibraticn must be performed.

Conduaometer Accuracy of 0.1 J-IS·cm-lor better at the
lowest range.

System calibration (oonductivity cell and conduaomeur}:
- against one or mace suitable certified reference solutions;
- accuracy: within 3 per cent of the measured conductivity

plus 0.1 ~S.cm-1

Conductometer calibration Calibration is carried out for each
range of measurement to be used) after disconnection of the
conductivity cell) using certified precision resistors or
equivalentdevices with an uncertaintynot greater than
0.1 per cent of the certified value.

If in-line conductivity cells cannot be dismantled, system
calibration may be performed against a calibrated
conductivity-measuring instrument with a conductivi cell

For temperatures not listed in Table 0008.-2) calculate the
maximal permitted conductivity by interpolation between the
next lower and next higher data points in the table.

Elemental impurities
Ifpurified water in bulk does not meet me requirement for
conductivity prescribed for Water for inje<tions (0169) in bulk,
a risk assessment according to general chapter 5.20. Elemental
impuniies is carried out. The risk assessment should consider
the role of water in the manufacturing process) in particular
when water is used in a process but is no longer present in
the final product.

CHARACTERS
Appearance
Clear and colourless liquid.

TESTS
Nitrates
Maximwn 0.2 ppm.

Place 5 mL in a test-tube immersed in iced water, add
0.4 mL of a 100 gIL solution of potassium chloride R, 0.1 mL

for a valid:ued penoaof ttme.
- Grounh promotion. Test each batch of ready-prepared

medium and each batch Ofmedium, prepared either from
dehydrated medium or from the ingredients described.
Inoculate plates of R2A agar separately with a small
number (not more than 100 Cpu) of the micro­
organisms indicated in Table 0008.-1. Incubate under me
conditions described in the table. Growth obtained must
not differ by a factor greater man 2 from the calculated
value for a standardised inoculum. For a freshly prepared
inoculum, growth of me micro-organisms must be
comparable to mat obtained with a previously tested and
approved batch of medium.

Table 0008 -I. - Growth 'promotion of R2A agar

Mlcro- Prepualion of the test
Growth promotionorganism strain

PstudomollClJ Casein soyabean digest agar or R2Aagar
aerugi1JOS(J casein soyabean digest broth s 100 CFU
such 83: 30-35 "C 30-35 -c
ATCC 9027 18-24 h .$ 3 days
NCIMB8626
CIP 82.118
NBRC 13275

BaciOus subn"/is Casein soyu.bean (/jgest apr or R2A agar
such as: casein soyabean digest broth s 100 CFU
ATCC 6633 30-35 "C 30-35 "C
NeIMS 8054 ]8-24 h .$ 3 days
CIP 52.62
NBRC 3134

Total organic carbon or oxidisable substances
Carry out the test for total organic carbon (1.1.44) with a
limit of 0.5 mgIL or alternatively the following test for
oxidisable substances: to 100 mL add 10 mL of dilute sulfuric
acid R and 0.1 mL of o. 01 M porassium permanganate and
boil for 5 min; the solution remains faindy pink.

Conductivity
Determine the conductivity off-line or in-line under the
following conditions.

EQUIPMENT
Conduclivitycell:
- electrodes of a suitable material such as stainless steel;
- cell constant: the cell constant is generally certified by the

supplier and is subsequently verified at suitable intervals
using a certified reference solution with a conductivity less
than 1500 J.IS·cm-lor by comparison with a cell having a
certified- cell constant; the cell constant is confirmed if the

Temperature
Ie)
o
10

20
25
30
40
50

60

70

75

80
90

100

Conductivity
(JiS"cm-l )

2.4

3.6

4.3

5,1

5.4

6.5

7.1

8.1

9,1

9.7

9.7

9.7

10.2
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of diphenylamine solution Rand, dropwise with shaking, 5 rnL
of nitrogen-free sulfuric acid R. Transfer the tube to a water­
bath at 50°C. After 15 min, any blue colour in the solution
is not more intense than that in a reference solution prepared
at the same time in the same manner using a mixture of
4.5 mL of nitrate-free waterRand 0.5 mL of nitrare standard
so/ution (2 ppm NOJJ R.

Aluminium (2.4.17)
Maximum 10 ppb, if intended for use in the manufacture of
dialysis solutions.

Prescribed solution To 400 mL of me water (Q be examined
add 10 mL of ace"'le buffersollllian pH 6.0 Rand 100 mL of
distilled waterR.
Reference solution Mix 2 mL of aluminium standard
sdution (2 ppm AQ R. 10 mL of acetale buffer solution

adding 1 mL of alkaline potassium tecraiodomercurare soiution R
to a mixture of 4 mL of ammonium standard solution (1 ppm
NH,J Rand 16 mL ofammonium-free waterR.

Calcium and magnesium
To 100 mL add 2 mL of ammoniumchloride buffer solution
pH 10. 0 R, 50 mg of mordant black /1 ,rilUrale R and 0.5 mL
of 0.01M sodium edetate. A pure blue colour is produced.

Residue on evaporation
Maximum 0.001 per cent.

Evaporate 100 mL to dryness on a water-bam and city in an
oven at 100-105 °C. The residue weighs a maximum of
1 mg.

Microbial contamination
TAMC: acceptance criterion 102 CFU/mL (2.6.12).
Use casein soya bean digest agar.

Blank so/ution Mix 10 mL of ace"'le buffer solutian pH 6.0 R
and 100 mL of distilled waterR.

Bacterial endotoxlns (2.6. U)
Less than 0.25 mlmL, if intended for use in the
manufacture of dialysis solutions without a further
appropriate procedure for removal of bacterial endotoxins.

LABELLING
The label states, where applicable, mat me substance is
suitable for use in the manufacture of dialysis solutions.

PURIFIED WATER IN CONTAINERS
DEFINITION
Purified water in bulk that has been filled and stored in
conditions designed to assure me required microbiological
quality. It is free from any added substances.

CHARACTERS
Appearance
Clear and colouslessliquid.

b\BEU,ING
The label states, where applicable, that the substance is
suitable for use in the manufacture of dialysis solutions.
___________________ PhE..

Water for Injections
(Ph. Bur. manograph 0169)

H20 18.02
PhE.. _

DEFINITION
Water for the preparation of medicines for parenteral
administration when water is used as vehicle (water for
injections in bulk) and for dissolving or diluting substances or
preparations for parenteral administration (sterilised water for
injections).

WATER FOR INJECTIONS IN BULK
PRODUCTION
Water for injections in bulk is obtained from water that
complies with the regulations on water intended for human
consumption laid down by the competent authority or from
purified water. It is produced either:
- by distillation in an apparatus of which the parts in

'---....--_ contact with the water are of neutral glass, quartz or a
suitable metal and which is fitted with an effective device
to prevent the entrainment of droplets; or

- by a purification process that is equivalent to distillation.
Reverse osmosis, which may be single-pass or double­
pass, coupled with other appropriate techniques such as
eleetro-deionisation, ultrafiltration or nanofilrration, is
suitable. Notice is given to me supervisory authority of the
manufacturee before implementation.

For aU methods of production, correct operation monitoring
and maintenance of the system are essential. In order to
ensure the appropriate quality of the water, validated
procedures, in-process monitoring of the electrical
conductivity, and regular monitoring of total organic carbon
and microbial contamination are applied.

The first portion of water obtained when the system begins
to function is discarded.

Water for injections in bulk is stored and distributed in
conditions designed to prevent growth of micro-organisms
and to avoid any other contamination.

TESTS
It complies with the tests prescribed in the section on
Purified water in bulk and with me foUowing additional tests.

Acidity or a1ka1lnlty
To 10 mL, freshly boiled and cooled in a borosilicateglass
flask, add 0.05 mL of methylredsolutian R. The solution is
not coloured red.

To 10 mL add 0.1 mL of bromolhymo/ blue so/urion Rl.
The solution is not coloured blue.

Oxidisable substances
To 100 mL add 10 mL of dilute sulfuric acidRand 0.1 mL
of O. 02 M potassium pennanganate and boil for 5 min.
The solution remains faintly pink.

Chlorides
To 10 mL add I mL of dilule nitric acidRand 0.2 mL of
silver nitrate solution R2. The solution shows no change in
appearance for at least 15 min.

Sulfates
To 10 mL add 0.1 mL of dilute hydrochlori< add Rand
0.1 mL of barium chloride solution Rl. The solution shows no
change in appearance for at least 1 h.

Ammonium
Maximum 0.2 ppm.

To 20 mL add 1 mL of alkaline potassium teiraiodomercurau
solution R. After 5 min) examine the solution down the
vertical axis of the tube. The solution is not more intensely
coloured than a standard prepared at the same time by
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Table 0169 -I - Growth promotion of R2A agar

Micro-organism Preparation of the
Growth promotion

test strain

P1elIdOl1lOIUU aerugl"lIosa Casein soyabean R2Aagar
such as: digest agar or casein :5 100 em
ATCC 9027 soyabean digesl broth 30-35 "C
NCIMS 8626 30-35°C .'5: 3 days
CIP 82.118 18-24 h
NBRC 13275

&rill", mbn7is Casein soyabean R2Aagar
such as: digest agar or casein s 100 CFlJ
ATCC 6633 soyabean digest broth 30-35 "C
NCL\lB 8054 30-35°C :s; 3 days
CIP 52.62 18-24 h
NBRC 3134

0.5 g
0.5 g

0.5 , E UlPMENT

Microbiological monitoring
During production and subsequent storage, appropriate
measures are taken to ensure that the microbial count is
adequately controlled and monitored. Appropriate alert and
action levels are set so as to detect adverse trends. Under
normal conditions, an appropriate action level is a microbial
count of 10 CFU per 100 mL when determined by filtration
through a membrane with a nominal pore size not greater
than 0.45 urn, using R2A agar, using at least 200 mL of
water for injections in bulk and incubating at 30-35 °C for
not less than 5 days. For aseptic processing, strieter alert
levels may need to be applied.

R2A agar

Yeast extract
Proteose peptone
Casein hydrolysate

PROCEDURE
Stage 1

I. Measure the conductivity without temperature
compensation, recording simultaneously the temperature.
Temperature-compensated measurement may be performed
after suitable validation.

2. Using Table 0169.-2, find the closest temperature value
that is not greater than the measured temperature.
The corresponding conductivity value is the limit at that
temperature. ~

3. If the measured conductivity ls not greater than the value
in Table 0169.~2, the water to be examined meets the
requirements of the test for conductivity. H the conductivity
is higher than the value in Table 0169.-2, proceed with
stage 2.

. ·'--eomJucrivitycdt
~:~: - electrodes of a suitable material such as stainless steel;

0.024 g - cell constant: the cell constant is generally certified by the
0.3 g supplier and is subsequently verified at suitable intervals

15.0 g using a certified reference solution with a conductivity less
10 1000 mL than 1500 ~S.cm~l or by comparison with a cell having a

certified cell constant. The cell constant is confirmed if
the value found is within 2 per cent of the certified value,
otherwise re-calibration must be performed,

Conduaometer Accuracy of 0.1 I-tS·cm-1 or better at the
lowest range.

Sysrem calibration (ccnduc",'vity celland conduaomner):
- against one or more suitable certified reference solutions;
- accuracy: within 3 per cent of the measured conductivity

plus 0.1 ~S·cm-I.

Conduaometer calibration Calibration is carried out for each
range of measurement to be used, after disconnection of the
conductivity cell, using certified precision resistors or
equivalent devices with an uncertainty not greater than
0.1 per cent of the certified value.

If in-line conductivity cells cannot be dismantled, system
calibration may be performed against a calibrated
conductivity-measuring instrument with a conductivity cell
placed close to the cell to be calibrated in the water flow.

Temperature measurement Tolerance ± 2°C.

Starch
Dipotassium hydrogen phosphate
Magnesiwn sulfate, anhydrous
Sodium pyruvate
Ago,

Purified water

Adjust the pH so mat after sterilisation it is 7.2 ± 0.2.
Sterilise by heating in an autoclave at 121°C for 15 min.

Growthpromotion of R2A agar
- Prepararion of rest strains. Use standardised stable

suspensions of test strains or prepare them as stated in
Table 0169.-1. Seed lot culture maintenance techniques
(seed-lot systems) are used so that the viable micro­
organisms used for inoculation are not more than 5
passages removed from the original master seed-lot. Grow
each of the bacterial strains separately as described in
Table 0169.-1. Use buffered sodium chloride-peptone
solution pH 7.0 or phosphate buffer solution pH 7.2 to
make test suspensions. Use the suspensions within 2 h, or
within 24 h if stored at 2;.8 °C. As an alternative to
preparing and then diluting a fresh suspension of
vegetative cells of Bacillussubtilis, a stable spore
suspension is prepared and then an appropriate volume of
the spore suspension is used for test inoculation"
The stable spore suspension may be maintained at 2-8 °C
for a validated period of time.

- Grow,/, promotion. Test each batch of ready-prepared
medjlIm and each batch. of medium, prepared either from
dehydrated medium or from the ingredients described.
Inoculate plates of R2A agar separately with a small
number (not more than 100 CFU) of the micro­
organisms indicated in Table 0169.-1. Incubate under the
conditions described in the table. Growth obtained must
not differ by a factor greater than 2 from the calculated
value for a standardised inoculum. For a freshly prepared
inoculum, growth of the micro-organisms must be
comparable to that obtained with a previously tested and
approved batch of medium.

Total organic carbon (2.2.44)
Maximum 0.5 mgIL

Conductivity
Determine the conductivity off-line or in-line under the
following conditions.
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Table 0169.-2. - Stage I Temperature and conductivity
requirements (for non-temperature-compensated conductivity
measurements)

Temperature
CC)
o
5

10

15

20

25

30

35

40

45

50

55

60

6'
70

rs
80

8'
.0.,
100

Conductivity
(fIS.c:m- l )

0.6

0.8

0.•

1.0

J.I

1.3

1.4

1.5

1.7

1.8

I..

2.2

2.4

25

2.7

2.7

2.7

2.7

2.•

3.1

Table 0169.-3. - Stage3 pH and conductivity requirements (for
atmosphere- and temperature-equilibrated samples)

pH Conducdvity
(JIScm-l)

5.0 4.7

5.1 4.1

'.2 3.6

'.3 3.3,.. 3.0

,.5 2.8

',6 2.6

5.7 25

5.8 2.4

s.s 2.4

6.0 2.4

6.1 2.4

6.3 2.4

6.4 2.3

6.' 2.2

6.6 2.1

6.7 2.6

6.8 3.1

6•• 3.8

7.0 4.6

Stage2
4. Transfer a sufficient amount of the water [0 be examined
(100 mL or more) to a suitable container, and stir the test
sample. Adjust the temperature, if necessary, and while
maintaining it at 25 ± 1 °C, begin vigorously agitating the
test sample while periodically observing the conductivity.
When the change in conductivity (due to uptake of
atmospheric carbon dioxide) is less than 0.1 JlS.cm-I per
5 min, note the conductivity.
5. If the conductivity is not greater than 2.1 p.S.em-I) the
water to he examined meets the requirements of the test for
conductivity. If the conductivity is greater man 2.1 JlS.em-I,

proceed with stage 3.

Stage 3
6. Perform this test within approximately 5 min of the
conductivity determination in step 5 under stage 2, while
maintaining the sample temperature at 25 ± 1 "C. Add a
recently prepared saturated solution of potassium chloride R 10

the test sample (0.3 mL per 100 mL of the test sample), and
determine the pH (2.23) to the nearest 0.1 pH unit.

7. Using Table 0169.-3, determine the conductivity limit at
the measured pH value in step 6. If the measured
conductivity in step 4 under stage 2 is not greater than the
conductivity requirements for the pH determined, the water

i to be examined meets the requirements of the test for
conductivity. If either the measured conductivity is greater
than this value or the pH is outside the range of 5.0-7.0, the
water to be examined does not meet the requirements of the
test for conductivity.

CHARACTERS
Appearance
Clear and colourless liquid"

TESTS
Nitrates
Maximum 0.2 ppm.
Place 5 mL in a test-tube immersed in iced water, add
0.4 mL of a 100 gIL solution of potassium chloride R, 0.1 mL
of diphenylamine solution Rand, dropwise with shaking, 5 mL
of nitrogen-free sulfuric acidR. Transfer the tube to a water­
bath at 50°C. After 15 min, any blue colour in the solution
is not more intense than that in a reference solution prepared
at the same time in the same manner using a mixture of
4.5 mL of nitrate-free water Rand 0.5 mL of nitrate standard
solution (2 ppm NO,) R.

Aluminium (2.4.17)
Maximum 10 ppb, if intended for use in the manufacture of
dialysis solutions.
Prescn"betJ solution To 400 mL of the water to be examined
add 10 mL of acetate buffer solution pH 6.0 R and 100 mL of
distiUed waterR.
Reference solutWn Mix 2 mL of aluminium standard
solution (2 ppm AQ R, 10 mL of acetate buffer solution
pH 6.0 R and 98 mL of distilled water R.
Blank solUlion Mix 10 mL of acetate buffer solutWn pH 6.0 R
and 100 mL of distilled water R.

Bacterial endotoxlns (1.6.14)
Less than 0.25 IUlmL.

STERILISED WATER FOR INJECTIONS

DEFINITION
Water for injections in bulk that has been distributed into
suitable containers, closed and sterilised by heat in conditions
which ensure that me product still complies with the test for
bacterial endotoxins. Sterilised water for injections is free
from any added substances.
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Examined in suitable conditionsof visibility, it is clearand
colourless.
Each container contains a sufficient quantity of water for
injections to permit the nominal volume to be withdrawn.

TESTS
Acidity or alkalinity
To 20 mL add 0.05 mL ofphenolred solution R. If the
solutionis yellow, it becomesred on the addition of 0.1 mL
of 0.01 M sodium hydroxide; if red, it becomes yellowon the
addition of 0.15 mL of 0.01 M hydrochloric add.

Conductivity
Maximum 25 IlS·cm-1 for containerswith a nominal volwne
of 10 mL or less; maximwn 5 JlS·cm-t for containers with a
nominal volume greater than 10 mL.
Use equipment and the calibration procedure as defined.. .
temperature at 25 ± 1°C.

Oxidisable substances
For containers with a nominal volumeJess than 50 mL: heat
100 mL to boiling with 10 mL of dflute sulfuric acidR, add
0.4 mL of 0.02 M potassium permanganate and boil for 5 min;
the solution remains faintly pink.
For containers with a nominalvolumeequal to or greater
than 50 mL: heat 100 mL to boiling with 10 mL of dilute
,ulfun'c add R, add 0.2 mL of O. 02 M potassium pennanganate
and boil for 5 min; the solution remains faintly pink.
Chlorides (2.4.4)
Maximum 0.5 ppm for containers witha nominal volume of
100 mL or less.

15 mL complieswith the limit test for chlorides. Prepare the
standard using a mixture of 1.5 mL of chloride standard
solution (5 ppm CI) Rand 13.5 mL of waterR. Examine the
solutionsdown the vertical axes of the tubes.
For containers with a nominal volume greater than 100 ml..,
use the following test: to 10 mL add I mL of duutenitric
acidR and 0.2 mL of siloer nitrate ,oIution R2. The solution
shows no change in appearance for at least 15 min.
Nitrates
Maximum 0.2 ppm.

Place 5 mL in a test-tube immersed in iced water, add
0.4 mL of a 100 gIL solution of potassium chloride R, 0.1 mL
of diphenylamine sohuion Rand, dropwise withshaking, 5 mL
of nitrogen-jree ,ulfuricacid R. Transfer the tube to a water­
bath at 50°C. After 15 min, any blue colour in the solution
is not more intense than thatin a reference solutionprepared
at the same rime in the same manner using a mixture of
4.5 mL of nitrate-free water R and 0.5 mL of nitrate standard
solution (2 ppm NOJJ R.

Sulfates
To 10 mL add 0.1 mL of dilute hydrochloric add Rand
0.1 mL of barium chloride sohuion R1. The solutionshows no
change in appearance for at least 1 h.

Aluminium (2.4.17)
Maximum 10 ppb, if intended for use in the manufacture of
dialysis solutions.

Prescribed solution To 400 mL of the water to be examined
add 10 mL of ace/(lte buffersoltuion pH 6.0 R and 100 mL of
distiDed waterR.

Reference sohuion Mix 2 mL of aluminium standard
solution (2 ppm AI) R, 10 mL of ace/(lte btiffer solution
pH 6.0 Rand 98 mL of distilled waterR.
Blank sohuion Mix 10 mL of eue/(lte buffer solution pH 6.0 R
and 100 mL of distilled waterR.

Water for Preparation of Extracts 11-1311

Ammonium
For containers with a nominalvolume less than 50 mL:
maximum 0.6 ppm; for containers with a nominalvolume
equal to or greater than50 mL: maximum 0.2 ppm.
Containers with a nominal volume less than 50 mL: to
20 mL add 1 mL of alkaline potassium tetraiodomercurate
solution R; after5 min, examine the solution down the
vertical axis of the tube; the solution is not more intensely
coloured thana standard prepared at the same time by
adding 1 mL of alkaline potassium utraiodomercurate solutiOn R
to a mixture of 4 mL of ammonium standard solution (3 ppm
NH,) Rand 16 mL of ammonium-free waterR.
Containers with a nominal volumeequal to or greater than
50 mL: to 20 mL add I mL of alkaline potassium
tetraiodomercurate solution Rj after5 min, examine the solution
down the vertical axis of the tube; the solution is not more

a -P pa .a e.same. e
by adding 1 mL of alkaline potassium tetraiodomercunue
solution R to a mixtwe of 4 mL of ammonium standardsolution
(1 ppm NH,) R and 16 mL of ammonium-free waterR.
Calcium and magnesium
To 100 mL add 2 mL of ammoniumchloride buffersolution
pH 10.0 R, 50 mg of mordantblack11 triturate Rand 0.5 mL
of O. 01 M sodium edaote. A pure blue colour is produced.
Residue on evaporation
Maximum 4 mg (0.004 per cent) for containers with a
nominalvolume of 10 mL or less; maximum 3 mg
(0.003 per cent) for containers with a nominalvolume
greater than 10 rnL
Evaporate 100 mL to dryness on a water-bath and dry in an
oven at 100-105 ·C.

Particulate contamination: sub-visible particles (2.9.19)
It complies with test A or test B, as appropriate.
Sterility (2.6.1)
It complies with the test for sterility.
Bacterial endotoxlns (2.6.14)
Less than 0.25 IU/mL.
- !'hEor

Water for Preparation of Extracts
(Ph. Eur. monograph 2249)
!'hEor _

DEFINITION
Water intendedfor the preparation of Herbal drugextracts
(0765) complies with the sections Purified water in bulk or
Purified water in containers in the monograph Purified 'Water
(0008), or is waterintendedfor human consumption of a
quality equivalent to that defined in Directive 981831EC _
which is monitored according to the Production section
described below.

PRODUCTION
When water intendedfor human consumption is used as
water for preparation of extracts it is a clear, colourless
liquid. It is stored (where necessary) and distributed under
conditionsdesigned to prevent growth of micro-organisms
and to avoid other contamination.
For monitoring purposes, the following tests are carried out
at regular intervals to demonstrate consistency in the quality
of the water used for the preparation of extracts.
Conductivity (2.2.11!)
Maximum 2500 JlS·cm-I, measured at 20 -c,
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- Growth promotion. Test each batch of ready-prepared
medium and each hatch of medium, prepared either from
dehydrated medium or from the ingredients described.
Inoculate plates of casein soya bean digest agar separately
with a small number (not more than 100 CFU) of the
micro-organisms indicated in Table 2249.-1. Incubate
under the conditions described in this table. Growth
obtained must not differ by a factor greater than 2 from
the calculated value for a standardised inoculum. For a
freshly prepared inoculum, growth of the micro-organisms
must be comparable to that obtained with a previously
tested and approved batch of medium.

Table 2249.-1. - Growth promotion of casein s~a bean diges'
agar

Nitrate
liquid chromatography (2.2.29).

Test solution The substance to be examined.

Reference solution Dissolve 0.163 g of potassium nitrate Rand
0.149 g of potassium bromide R in walerR and dilute to
100.0 rnL with the same solvent. Dilute 5.0 mL of the
solution to 100.0 mL with waler R.

Column:
- size: 1= 0.25 m, 0::::: 4 mm;
- stationary phase: anion-exchange resin R3.

MoMephase Dissolve 0.265 g of anhydrous sodium
carbonate Rand 0.210 g of sodium hydrogen carbonate R in
waler R and dilute to 1000.0 mL with the same solvent.

Flow rale 1.2 mUmin.

Detection Conductivity detector, using a self-regenerating
antonsuppressor.

Micro-organIsm
Preparadon of the Growth promotion

Adjust the pH so that after sterilisation it is 7.3 ± 0.2.
Sterilise in an autoclave using a validated cycle.

Growth promotion of casein soya bean digest agar
- Preparation of test strains. Use standardised stable

suspensions of test strains or prepare them as stated In
Table 2249.-1. Seed lot culture maintenance techniques
(seed-Jot systems) are used so that the viable micro­
organisms used for inoculation are not more than
5 passages removed from the original master seed-lot.
Grow each of the bacterial strains separately as described
in Table 2249.-1. Use buffered sodium chloride-peptone
solution pH 7.0 Or phosphate buffer solution pH 7.2 to
make test suspensions. Use the suspensions within 2 h, or
within 24 h if stored at 2-8 °C. As an alternative to
preparing and then diluting a fresh suspension of
vegetative cells of Bacillus subti/is, a stable spore
suspension is prepared and then an appropriate volume of
the spore suspension is used for test inoculation.
The stable spore suspension may be maintained at 2-8 °C
for a validated period of time.

Injection 25 ~L.

Run time Twice me retention time of nitrate.

Relative retention With reference to nitrate (retention
time =about 7 min): bromide =about 0.9.

Systemsuitability Reference solution:
- resolution: minimum 2.0 between me peaks due to

bromide and nitrate.

Limit:
- nimue: maximum 50 ppm.

Microbiological monitoring
Appropriate measures are taken to ensure that the microbial
count is adequately controlled and monitored. Appropriate
alert and action levels are sei so as to detect adverse trends.

Under normal conditions, an appropriate action level is a
microbial count of 100 CFU/mL, determined by filtration
through a membrane with a nominal pore size not greater
than 0.45 urn, using casein soya bean digest agar and
incubating at 30-35 °C for not less than 5 days.

The size of the sample is to be chosen in relation to me
expected result.

Casein soya beandigest agar

_____________________ PhE..

(ph. Eur. monograph 1480)

Casein soya bean digest.....
s: 100 CFU
30-35°C
~ 3 days

Casein soya bean digest.....
:5 (00 CFU
30-35°C
:53 days

Casein soya bean
digest agar or casein
soya bean digest broth
30_35°C
18-24 h

Casein soya bean
digest agar or casein
soya bean digest broth
30-35°C
19..24h

Pseudomonas aYUgiooJa
such as:
ATCC 9027
NCIMB 8626
ClP 82.118
NBRC 13275

1Ja£ifwJldnilis
such as:
ATCC 6633
NClMB8054
CIP 52.62
NBRC 3134

PRODUCTION
The oil is prepared using materials and methods designed to
ensure that the content of brassicasterol (2.4.21) in the sterol
fraction of the oil is not greater than 0.3 per cent.

CHARACTERS
Appearance
Clear, light yeUow or golden-yeUow liquid.

Solubility
Practically insoluble in water and in ethanol (96 per cent),
miscible with light petroleum (bp: 40-60 "C).

Relative denslty
AboUI0.925.

Refractive index
AboUI 1.475.

IDENTIFICATION
Pim identification: B.
Second identification: A.
A. Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained is similar to the
corresponding chromatogram shown in Figure 2.3.2.~1.

B. Composition of fatty acids (see Tests).

Virgin Wheat-germ Oil

DEFINITION
Fatty oil obtained from the germ of the grain of Triticum
aesn·'VUm L by cold expression or other suitable mechanical
means.

PhE.. _

15.0 g
5.0 g
5.0 g

15.0 g
to 1000 mL

Pancreatic digest of casein
Papaic digest of soya bean
Sodium chloride
Ago,
Purified water
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TESTS
Acid value (2.5.1)
Maximum 20.0.

Peroxide value (2.5.5, Me'hod A)
Maximum 15.0.

Unsaponifiable matter (2.5.7)
Maximum 5.0 per cent, determined on 5.0 g.

Composition of fatty acids (2.4.22, Metlwd c)
Composition 01 the fauy-acidfraction 01 'he oil:
- palmitic add: 14.0 per cent lO 19.0 per cent;
- stearic add: maximum 2.0 per cent;
- oleic add: 12.0 per cent to 23.0 per cent;
- linoleic acid: 52.0 per cent to 59.0 per cent;
- lindenic add: 3.0 per cent to 10.0 per cent;
- eicosenoic add: maximum 2.0 per cent.

Water (2.5.32)
----------- axtmum.. r -per-cent.. e ermme -on- -. -g.--

STORAGE
In an airtight, well-filled container, protected from light.

--------c------------ ""Ew

Refined Wheat-germ Oil
(Ph. Bur. monograph 1379)
""Ew _

DEFINmON
Fatty oil obtained fromthe germ of the grain of Truicum
aestioum L. by cold expression or by oilier suitable
mechanical means and/or by extraction. It is men refined.
A suitable antioxidant may be added.

PRODUCTION
The oil ls prepared using materials and methods designed to
ensure that the content of brassicasterol (2.4.23) in the sterol
fraction of the oil is not greater man 0.3 per cent.

CHARACTERS
Appearance
Clear, light yellow liquid.

Solubility
Practically insoluble in water and in ethanol (96 per cent),
miscible with light petroleum (bp: 40-60 "C).

Relative density
About 0.925.

Refractive index
About 1.475.

IDENTIFICATION
Firs' identification: B.
Secondidendficauon: A.
A. Identification of fatty oils by thin-layer chromatography
(2.3.2).

Results The chromatogram obtained is similar to the
corresponding chromatogram shown in Figure 2.3.2.~I.

B. Composition of fatty acids (see Tests).

TESTS
Acid value (2.5.1)
Maximum 0.9, or maximum 0.3 if intended for use in the
manufacture of parenteral preparations.

Peroxide value (2.5.5, Me/hodA)
Maximum 10.0, or maximum 5.0 if intended for use in the
manufacture of parenteral preparations.

Wool Alcohols II-1313

Unsaponiliable matter (2.5.7)
Maximum 5.0 per cent, determined on 5.0 g.

Alkaline impurities (2.4.19)
It complies with the test.

Composition of fatty acids (2.4.22, MethodC)
Use the mixture of calibrating substances in Table 2.4.22.-3.
Composition 01 thelaUy-acid fraction 01 'he oil:
- polmitic acid: 14.0 per cent to 19.0 per cent;
- stearic acid: maximum 2.0 per cent;
- oleic add: 12.0 per cent to 23.0 per cent;
- linoleic add: 52.0 per cent to 59.0 per cent;
- linolenic acid: 3.0 per cent to 10.0 per cent;
- eicosenoic add: maximum 2.0 per cent.

Water (2.5.32)
Maximum 0.1 per cent, determined on 1.00 g.

STORAGE
In-an-airtight,-well"filled-container,-protected-from-light.

LABELLING
The label sta'es:
- where applicable, that the substance is suitable for use in

the manufacture of parenteral preparations;
- whether the oil is obtained by mechanical means, by

extraction or by a combination of the 2.
__________________~ ""E"

Wool Alcohols
Wool Wax Alcohols

(ph. Bur. monograph 0593)

Preparation
Wool Alcohols Ointment
""Ew _

DEFINITION
Mixture of sterols and higher aliphatic alcohols from wool
fat. A suitable antioxidant may be added.

Content
Minimum 30.0 per cent of cholesterol.

CHARACTERS
Appearance
Pale-yellow or brownish-yellow, brittle mass becoming plastic
on heating.

Solublllty
Practically insoluble in water, soluble in boiling anhydrous
ethanol and in methylene chloride, slightly soluble in ethanol
(90 per cent VII').

IDENTIFICATION
Dissolve 50 mg in 5 mL of methylene chloride R and add
I mL of aatic anhydride R and 0.1 mL of sulfuric acid R.
Within a few seconds, a green colour develops.

TESTS
Appearance of solution
To 1.0 g add 10 mL of ligh'petroleum Rl and shake while
wanning in a water-bam. The substance dissolves completely.
After cooling, the solution is clear (2.2.1).

Alkalinity
Dissolve 2.0 g in 25 mL of hot ethanol (90 percen' VII') R
and add 0.5 mL of phenolphthalein solution Rl, No red colour
develops.

Melting point (2.2.15)
Mioimum 56 "C.
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Melt the substance to be examined by heating in a water­
bath at a temperature which exceeds the expected melting
point by not more than 10°C; introduce the substance to he
examined into the capillary tubes and allow to stand on ice
for at least 2 h.

Water-absorption capacity
Place 0.6 g of the substance [0 be examined and 9.4 g of
while softparaffir, R in a mortar and melt on a water-bath.
Allow to cool and incorporate 20 mL of waterR, added in
portions. Within 24 h no water is released from the almost
white, ointment-like emulsion.

Acid value (2.5.1)
Maximum 2.0.

If necessary, heat in a water-bath under a reflux condenser to
dissolve the substance to be examined.

120 to 1BO.
Peroxide value (2.5.5, MethodA)
Maximum 15.
Take from the substance to be examined wedge-shaped
pieces whose base consists of part of the surface. Melt the
pieces before carrying out the determination. Before adding
0.5 mL of saturated potassium iodide solution R, cool the
solution obtained to room temperature.

Saponificadon value (2.5.6)
Maximwn 12.0, determined on 10.00 g. Heat under reflux
for 4 h.

Los. on drying (2.2.32)
Maximum 0.5 per cent, determined on 2.000 g by drying in
an oven at 105 °C.

Total ash (2.4.16)
Mexlmum 0.1 per cent.

ASSAY
Gas chromatography (2.2.28). Homogenise the sample before
use.
lmemal standard solution Dissolve 0.125 g ofpregnenolone
isobutyrare CRS in heptane R and dilute to 50.0 mL with the
same solvent.

Test solution Dissolve 75.0 mg of the substance to be
examined in J0.0 mL of the internal standard solution and
dilute to 25.0 mL with heptane R.
Reference solution Dissolve 25.0 mg of cholesterol CRS in
10.0 mL of the internal standard solution and dilute to
25.0 mL with heptane R.
Injution liner:
- packingmaterial: quartz wool,
- size: 1= 78.5 mm, 0 = 4.0 mm.
Column:
- material: fused silica;
- size: f =30 m, 0 =0.25 mm;
- stationary phase: methylpolysiloxane R (film thickness

0.25 pm).

Gamer gas helium for chromatography R.
Flow rare I mUmin.
Split ratio 1:50.
Temperature:
- column: 275 "C;
- injection port. 285 °C;
- detector: 300 "C.

Detection Flame ionisation.

Injection I ~L.

Relative retention With reference to pregnenolone isobutyrate
(retention time =about 8 min): cholesterol == about 1.2.

2022

System suitability Reference solution:
- resolution: minimum 5.0 between the peaks due to

pregnenolone isobutyrate and cholesterol.
Calculate the percentage content of cholesterol in the
substance to be examined taking into account the assigned
content of cholesterol GRS.

STORAGE
In a well-filled container, protected from light.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnalion on characteristics that are
recognised as being relevant control parameters for oneor more
functions of the substance when usedas an excipient (see chapter
5.15). Some of thecharacteristics desctibed in the Functionality­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory qualitj
cntetia: In such cases) a cross-re erence to the tests described in the
mana~jJlU'!irincluded---jrrtlwFunctionalt~t:y--rela

characteristics section. Control of thecharacteristics can conttibtue
to the qualityof a medicinal product by improving the consistency
of the manufacturing process and thepeifonnance of themedicinal
product during use. W'here amtrolmethods arecited} they are
recognised as being suitable for the purpose} but othermethods can
also be used. W'herever results for a particular characteristic are
reponed, the control methodmust be indicared.
Thefollowing characteristics may be relevant for woolalCQhols
used in water-emulsifying ointments and lipophilic creams.
Melting point
(see Tests).

Water-absorption capacity
(see Tests).
____________________ PhE<I

Wool Fat
Anhydrous Lanolin

(Ph. Eur. monograph 0134)
PhE<I _

DEFINITION
Purified, anhydrous, waxy substance obtained from the wool
of sheep (Ovis anes). A suitable antioxidant may be added.

CHARACTERS
Appearance
Yellow, unctuous substance. When melted) it is a clear or
almost clear) yeUow liquid. A solution in light petroleum is
opalescent.

Solubility
Practically insoluble in water, slightly soluble in boiling
anhydrous ethanol.
Characteristic odour.

IDENTIFICATIeN
A. In a test-tube, dissolve 0.5 g in 5 mL of methylene
chloride R and add I mL of acetic anhydride R and 0.1 mL of
sulfim'c acidR. A green colour develops.
B. Dissolve 50 mg in 5 mL of methylene chloride R, add 5 mL
of sulfuric acidR and shake. A red colour develops and an
intense green fluorescence appears in the lower layer when
examined in daylight, with illumination from behind the
observer.

TESTS
Water-soluble acid or alkaline substances
Melt 5.0 g on a water-bath and shake vigorously for 2 min
with 75 mL of waterR previously heated to 90-95 °C. Allow
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to cool and filter through filter paper previously rinsed with
water R. To 60 mL of the filtrate (which may not be clear)
add 0.25 mL of bromothymoi blue solution RI. Not more than
0.2 mL of 0.02 M hydrochloric acid or 0.15 mL of 0.02 M
sodium hydroxide is required to change the colour of the
indicator.

Water-absorption capacity
Place 10 g of molten wool fat in:a mortar and allow to cool
to room temperature. Weigh the mortar. Add waterR in
portions of 0.2-0.5 mL from a burette, stirring vigorously
after each addition to incorporate the waterR. Instead of a
pestle, use a high-density polypropylene cylindrical rod
(120 mm long and 10 mm in diameter, for example).
The end-point is reached when visible droplets remain which
cannot be incorporated. Weigh me mortar again and
determine the amount of water absorbed by weight

Acid value (2.5./)
Maximum 1.0, determined on 5.0 gdissolved in 25 mL of
the prescribed mixture of solvents.

Peroxide value (2.5.5, Method A)
Maximum 20.

Before adding 0.5 mL of saturatedpotassium iodide solution R,
cool the solution obtained to room temperature.

Saponification value (2.5.6)
90 to 105, determined on 2.00 g while heating under reflux
for 4 h.

Water-soluble oxidlsable substances
To 10 mL of the filtrate obtained in the test for water­
soluble acid or alkaline substances 'add 1 mL of dilutesulfurit
acidRand 0.1 mL of 0.02 M potassium permanganate. After
10 min, the solution is not completely decolourised.

Paraffins
Maximum 1.0 per cent.

The tap and cotton plugsused mUJt befree from grease Prepare
a colwnn of anhydrous aluminiwn oxide 0.23 m long and
20 mm in diameter by adding a slurry of anhydroUJ
aluminium oxideR and light petroleum RJ to a glass tube fitted
wilh a tap and containing lightpetroleum Rl (before use,
dehydrate the anhydrous aluminium oxide by heating it in an
oven at 600°C for 3 h). Allow to settle and reduce the depth
of the layer of solvent above the column to about 40 mm.
Dissolve 3.0 g of the substance to be examined in 50 mL of
wann lightpetroleum RJ, cool, pass the solution through the
column at a flow rate of 3 mlJrnin and wash with 250 mL of
lightpetroleum RJ. Concentrate the combined eluate and
washings to low bulk by distillation, evaporate to dryness on
a water-hath and heat the residue at 105°C for periods of
10 min until 2 successive weighings do not differ by more
than 1 mg. The residue weighs a maximum of 30 mg.

Pesticide residues
i\olaximum 0.05 ppm for each organochlorine pesticide,
0.5 ppm for each other pesticide and I ppm for the sum of
all the pesticides.

An glassware used is thoroughly washedUJing phosphate-free
detergent as folJuws. The glassware is immersed in a bath of
detergent solution (5 per cent in deionised water) and aRuwell to
soakfor 24 h. The detergent iswashedoff with copious amounts
of acetone and hexane for pesticide analysis. It is imponant to
keep glassware spet;ifica/ly for pesticide a"alyses, it mUJI nOl be

.mixed up with glassware usedfor otherapplications. The glassware
usedmUJt befree of chlorinated solvents, plastics and rubber
materials, in particular phthalateplastidsers, oxygenated
compounds and nitrogenaudsolvents such as acetonicn·le.

Wool Fat II-13l5

Use hexane) toluene and acetone for pesticide analysis. Use HPLC
grade reagents for ethyl acetate) cyc/ohexane and water.

The test consists of the isolation of pesticide residues by size­
exelusion chromatography (2.2.30) followed hy solid phase
extraction and identification by gas chromatography coupled
with an electron capture detector or a thermionic detector.

ISOLATION OF THE PEST/elDE RESIDUES

Asdetector, use a UV-visible spectrophotometer set at a
wavelength of 254 run to calibrate the chromatographic
column for gel permeation.

Calibration is extremely important in gel permeation
chromatography (GPC) to check that the pressure, solvent
flow rate, solvent ratio, temperature and column conditions
remain constant. The gel permeation column is to be
calibrated at regular intervals using a standard mixture
prepared as follows: into a 1000 mL volumetric flask,
introduce 50;00 gofmaizeoil R,-0,20g of methoxychlor R
and 50.0 mg ofperylene R. Dilute to 1000.0 mL with a
mixture of equal volumes of cydohexaneR and ethyl <Uetate R.

To calibrate the column, set the mobile phase at a flow rate
of 5 mUmin with a mixture of equal volumes of
eyelohexane R and ethyl a"'tate R. Inject 5 mL of the standard
mixture and record the resulting chromatogram.
The retention times for the analytes must not vary by more
than ± 5 per cent between calibrations. If the retention time
shift is greater than ± 5 per cent, take corrective action.
Excessive retention time shifts may be caused by:
- poor laboratory temperature control;
- the pump containing air; this can be verified by measuring

the flow rate: collect 25 mL of column eluate in a
volumetric flask and record the time (300 ± 5 s);

- a leak in the system.

Changes in pressure, in mobile phase flow rate or in column
temperature conditions, as well as column contamination,
can affect pesticide retention times and are to be monitored.
If the flow rate or column pressure are outside desired bands
the precolumn or column is to be replaced.

Test solution In a volumetric flask, dissolve I g of the
substance to be examined, accurately weighed, in a mixture
of 1 volume of ethyl autale R and 7 volwnes of cydobexane R.
Add 1 mL of an internal standard (2 ppm, either isodnn R or
ditalimphos R) and dilute to 20 rnL. The internal standard
solutions are used to establish that recouedes of thepesticides from
the GPe punjiaztionstage, evaporation and solidphaseextraction
stage are at acceptable levels. Recovery levels of the internal
standardsolutions from the woolfa< are determined by comparing
thepeak areas of the woolfal extracts with peak areas of rolutions
of the internal standards.

Precolumn:
- size: 1:= 0.075 m, 0 := 21.2 mrn;
- statiouary phase: sryrene-divirrylbenzeue copolymer R (5 urn),

Gelpermeation .co/umn:
- size: 1:= 0.3 m, (2) := 21.2 rnm;
- stariouary phase: sryrene-divinylbeuzeue copolymer R (5 urn).

Mobile phase ethyl acetate R, cydohexane R (10:70 VIII).
Flow rate 5 mUmin.

Detection Spectrophotometer at 254 om.

Inject 5 mL of the test solution. Discard the first 95 mL
(19 min) of eluate containing the substance to be examined.
Collect the next 155 mL of eluate (31 min) containing any
pesticide residues in an evaporating vessel.

Place the 155 mL of the eluate collected from the gel
permeation chromatography column into an evaporating
vessel. Place this vessel in an autoevaporator setting the
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5 mL of the 20 mL test solution containing 1 mL of 2 ppm
internal standard concentrated to 0.5 mL is equivalent to
1 ppm of the internal standard in the solution.

If the recovery of the internal standards falls outside the
range of70 per cent to 110 per cent the test is not valid.

Reference solutions Prepare reference solutions of pesticides
using the pesticides standards at a concentration of 0.5 ppm
(see composition of reference solutions A to D in
Table 0134.-1). Commercially available pesticides may be
purchased. The individual standards have a concentration of
10 ppm.

Table 0134.-1. - Composiuon of the reference soluti1Jns

At the same time prepare solutions of pesticides equivalent to
the limit of detection of the method (see recommended
compositions in Table 0134.-1). These reference solutions
are used to optimise the electron capture detector and
thermionic detector to achieve the detection limits of the
method (reference solutions E and F).

To prepare the reference solutions at the different
concentrations use a calibrated pipette and volumetric flasks.
To prepare the internal standard solutions G and H use a
four-place analytical balance) pipette and volumetric flasks.

water-bath temperature at 45°C and the nitrogen pressure at
55 kPa. Evaporate the eluate down to 0.5 mL.
To prepare the solid phase extraction cartridges take some
magnesium silicate for pesticide residue analysis R and heat it in
a muffie furnace at 700°C for 4 h to remove moisture and
polychlorinated biphenyls. Subsequently allow the
magnesium silicate to cool for 2 h and transfer it directly to
an oven at lOa-105°C, and allow to stand for 30 min.
Transfer the magnesium silicate to a stoppered glass jar and '
allow to equilibrate for 48 h. This material may be used for
up to 2 weeks. After that period the magnesium silicate is to
be reactivated, by heating at 600°C for 2 h in a muffle
furnace. Remove the magnesium silicate from the furnace,
cool and store in a stoppered glass jar. The magnesium
silicate is deactivated by adding 1 per cent of waterR. After
the water has been added, shake the magnesium silicate

magnesium silicate is suitable for use for up to 1 week. It is
essential that only deactivated magnesium silicate is used.
Take a 6 mL empty solid phase 'extraction cartridge aod
weigh into the cartridge 1 g of the deactivated magnesium
silicate.
At this stage the GPC fraction still contains about
10 per cent of the substance to be examined) so further
clean-up is necessary. A separate isolation procedure is
carried out a) for organochlorine and synthetic pyrethroid
pesticides and b) for organophosphorus pesticides. Place a
preconditioned solid phase extraction cartridge containing I g
of deactivated magnesium silicate for pesticide residue analysis R
onto a vacuum manifold.
Condition the cartridge by adding 10 mL of toluene R aod
allowing the solvent to elute through the cartridge. Place the
0.5 mL of the solvent fraction from the evaporating vessel on
the preconditioned cartridge. Elute the pesticide fractions
from the cartridges using 20 mL of either of the 2 different
solvent systems shown below:
a) for determination of the organochlorine and synthetic
pyrethroid pesticides: toluene R; a very small amount of the
substance to be examined is co-eluted;
b) for determination of the organophosphorus pesticides: a
mixture of 2 volumes of acetone Rand 98 volumes of
toluene R; this solvent system is used to elute all the pesticides
including the more polar organophosphorus pesticides;
unfortunately) some of the substance to be examined is
co-eluted with this solvent system) which can interfere with
the electron capture detector.

Collect the eluate from the extraction cartridges in 25 mL
glass vials. Quantitatively transfer the eluate to an evaporating
vessel) washing the vial with 3 quantities) each of 10 mL, of
hexane R.
Place the evaporating vessel on the autcevaporator and
evaporate the solid phase extraction fractions down to
0.5 mL. The water-bath temperature is set at 45 DC and the
nitrogen pressure is 55 kPa.

Examine the residues hy gas chromatography (2.2.28) using
electron capture and thermionic detectors as described
below.
Recouey Calculate the recovery correction factor (Ref) of
the internal standards (ditalimphos R or isodrin KJ added to
the test solution using the following expression:

~: x 100

AI peak area of an internal standard I ppm in solution;
A 2 peak area of internal standard extracted from me test solution.

Reference solution A
(0.5 ppm or o.S mg/L)
(organochlorine and

peSiicldes)
CyhalOlhrin R
Cypmnethrin R
o,p'-DDBR
p,p'-DDE R
pJp'-DDTR
DelkJlnethrin R
Endrin R
Hept/JdJor R
Heprachlur epoxUk R
Hexadl/orohenzme R
UnddneR
TeaJazelle R

Reference solution C
(O.S ppm or 0.5 mgIL)
(organophosphorus
pesticides)

Bromophos-eIlJ}i R
CarbophnIothi()nR
Ch/orfenvinphos R
DiazillOl1 R
Dichlojmthiml R
EthiOll R
Fe1lchlorphos R
Malathiun R
"'"P«amp/w> R

Reference lIolution E
(electron capture detector
calibration mixture)

AWn"n R (0.01 mgIL)
Cypermelhn"n R (0.1 mgIL)
o,p'-DDD R (0.01 mgIL)
Dellamelhrill R (0.1 mgIL)
Endrin R (0.01 mg/L)
fl-Hexadt/()t'(JC)'dMexa"e R
(0.01 mgIL)

Reference solution G
(internal standard organo­
phmphorus pesticide)

DifO/imphos R
(2 ppm or 2.0 mgIL)
Ditalimphos R
(1 ppm or l.0 mWL)

Reference solution B
(O.S ppm or 0.5 mgIL)
(organochlorine and

etlc throid
pesticides)
Aldrin R
oJP'·DDTR
o,p'-DDDR
pJp'-DDDR
Dieldni.R
a.-EmJosulfa1l R
P-EndoIlllfan R
FtllOOlmlle R
a-Hexadllomcydohcca"e R
fJ-He:cachklrocydoJuxollt R
J-Hex(1(h1mocydohtxQJle R
MethoxydJor R
Pmnethnit R

Reference solution D
(O.S ppm or O.S mgIL)
(organophosphorus
pesticides)

Bronwpbbs R
Chlorpyriphos R
ChlO<pyrip/w>-mahyi R
Coumaphos R
Phosalune R
Pirimiplws-edly4 R
Terradllf11llinphos R

Reference solution F
(thermionic detector
callbraden mixture)

ClrJorfe'RVinphos R
(0.05 mgIL)
DiazinOll R (0.05 mgIL)
Ethil", R (0.05 mgIL)
Fench/orphoJ R (0.05 mgIL)
Propetamp/wf R (0.05 mgIL)

Reference solution H
(internal standard organo­
chlorine pesticide)

lsodnit R
(2 ppm or 2"0 mgfL)
Isodsin R
(I ppm or 1.0 mg/L)
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lDENTlFlCATION AND QUANTIFICATION OF THE PESTICIDE

RESIDUES

To identify any pesticide residues compare the
chromatograms obtained with chromatograms obtained with
reference solutions A to D.

The identity of the pesticides can be confirmed by spiking
samples or overlaying chromatograms using an integration
package on a computer. The interpretation of pesticides in
trace residue analyses is extremely complex. The detectors,
particularly the electron capture detector, are prone to
interference, both from the substance [0 be examined itself,
and from solvents, reagents and apparatus used in the
extraction. These peaks can easily be misinterpreted or
quoted as a false positive. Confirmation of pesticides can be
achieved by running samples and standards on different
capillary columns (see chromatographic systems A or B

PpxDxC, 100
Cp = x-

P, R.or

Cp concentration of identified pesticide (ppm);
Pp peak area of the individual pesticide in the test sample obtained;
C. concentration of the individualpesticide in the external standard

(ppm);
P, peak area of the individual pesticide in the external standard;
D dilution factor;
Her recovery correction factor.

The dilution factor (D) can be defined as follows:

VI volume of sample obtained after me 2nd evaporationstage;
111 sample weight;

Table 0134.-2. - Elution order of thepesticides on
chromatographic systems A and B

information in Table 0134.-2.

A knowledge of the different responses the pesticides have
with the 2 detectors is useful in identification of unknown
peaks.

V... GPC injection volwne;
V} sample volumetric flaskvolume.

Chromatographic system A:
Precoiumn:
- material: deactivated silica;
- size: 1=4.5 m, 0 =0.53 nun.
Column:
- material: fused silica;
- size: 1= 60 m, 0 = 0.25 mm;
- stationary phase: phenyl(5)methyl(95)polysiloxone R (film

thickness 0.25 11m).
Carrier gas helium for chromatography R.

Linearvelocity 25 cm/s.

Pressure 180 kPa.

Temperature:

75

75 --> 175

175 275

275 285

285

300

350

Temperature

CCl
Time
(min)

O· I

I ·5

5 - 30

30-40

40 - 55

Colwnn

Injection pert

Detector

Detection Electron capture or thermionic specific detector.

Injection 2 ur;
Chromatographic system B Which may be used for
confirmation analysis:

Precolumn:
- material: deactivated silica;
- size: I = 4.5 m, 0 = 0.53 mm.

Column:
- material: fused silica;
- size: / =60 m, 0 = 0.25 mrn;
- stationary phase: cyanopropyl(7)phenyi(7)methy/(86)

polysuoxane R (film thickness 0.25 11m).

Carrier gas helium for chromaUigraphy R.
LinearvelocilY 25 cmls.
Pressure 180 kPa.

Tecnazene
Hexachlorobenzene
cr.-Hexachlorocyclohexane
Diazioon
lindane
Propetamphcs
Heptachlor
Dichlofenthion
Aldrin
Chlorpyriphos-methyl
Fenchlorphos
Il-Hexachlorocyclohexane
o.Hexachlorocyclohexane
Plrimiphos-elhyl
Chlorpyriphos
Bromophos
Malathion
Heptachlor epoxide
o,p'-DDE
Chlorfenrinphos (E)
rr-Endosullan
Chlorfenvinphos (2)
Bromophos-ethyl
p,p'.DDE
Dieldrin
Tetrachlorvinphos
o,p'-DDT
Endrin
Q,p'-DDD
p,p'-DDD
p..Endosuifan
Ethion
p,p'-DDT
Carbopbenothion
Medloxychlor
Cyhalothrin
cis-Permethrln
Phosalone
lrans-Pennerbrin
Cypermethrin (4 isomers)
Coumaphos
Fenvalernte (2 isomers)
Deltarnethrin

Chromatographic system B

Tecnazene
a-Hexachlorocyclohexane
Hexachlorobenzene
p..Hexachlorocyclohelfane
Lindane
Propetamphos
&-Hexachlorocydohexane
Diazinon
Dichlofenthion
Chlorpyriphos-methyl
Heptachlor
Penchlcrphcs
Aldrin
Malathion
Chlorpyriphos
Bromophos
Pirimiphos-ethyl
Heptachlor epoxide
Chlorfenvinphos (E)
Chlorfenvinphos (2)
Bromophos-ethyl
o,p'·DDE
cr.-Endosulfan
T etrachlorvinphos
Dieldrin
p,p'-DDE
o,p'-DDT
Endrin
Il-Endosulfan
o,p'-DDD
p,p'·DDD
Ethion
Carbophenotltion
p,p'-DDT
Methoxychlor
Phosalone
Cyhalolhrin (2 isomers)
ro·Permethrin
trailS-Pennethrin
Coumaphos
Cypermethrin (4 isomers)
Fenvalerate (2 isomers)
Deltarnethrin

Chrcmategrephlc system A

Once the pesticides have been identified, calculate the
content of each pesticide using the following expression:
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Temperature:

Time
(min)

Temperature
('C)

Hydrogenated Wool Fat
(ph. Eur. monograph 0969)

**** ** ** ****

Detection Electron capture or thermionic specificdetector.
Injection 2 IJL.

Chlorides

Column

Injection port

Detector

0- I

I - 5

5 - 30

30-40

40 - 55

75

75 175

175 275

275 --> 285

285

300

350

PhE" _

DEFINITION
Mixture of higher aliphatic alcohols and sterolsobtained
from the direct, high-pressure, high-temperature
hydrogenation of wool fat (0134) during which the esters and
acidspresentare reduced to the corresponding alcohols.
A suitable antioxidant maybe added.

CHARACTERS
Appearance
White or pale yellow, unctuous substance.

Solubility

Boil 1.0 g with 20 mL of ethanol (90 Per cent VI0 R in a
round-bottomed flask fitted with a reflux condenserfor
5 min. Cool, add 40 mL of waterRand 0.5 mL of nitric
acidR and filter. To the filtrate add 0.15 mL ofa 10 gIL
solution of silver niITate R in ethanol (90 percent VI,,? R.
Allow to stand for 5 min protected from light.
Any opalescence in the solution is not more intense than that
in a standard prepared at the same time by adding 0.15 mL
of a 10 gfL solution of silver nitrate R in ethanol
(90 percent VI,,? R to a mixture of 0.2 mL of 0.02 M
hydrochloric acid, 20 mL of ethanol (90 percent VI,,? R,
40 mL of water Rand 0.5 mL of nitric acid R.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C for I h.

Sulfated ash (2.4.14)
Maximum 0.15 per cent.

Ignite 5.0 g and use the residue to determine the sulfated
ash.

STORAGE
At a temperature not exceeding 25°C.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infomration on charaaeriuics that are
recognised as being relevant control parameters for oneor more
functions of the substance when used as an excipienc (see chapter
5.15). Someof me characteristics described in the Functionality­
related characteristics section may alsobepresent in the mandatory
part of the monograph since they also represent mandatory quality
criteria. In such cases} a cross-reference to the tests described in the
mandatory part is indudedin me Functionality-related
characteristics section. Control 0/the characteristics can contribute
UJ the qualityof a medicinal product by improving the consistency
0/the mcnafaauting process and thepeiformance of the medicmai
product duringuse. Where control methods arecited} they are
recognised as being suitable for thepurpose, butother methods can
alsobe used. Wherever results for a particular characteristic are
reported} the control method must be indicated.
The jollowing characteristics may be relevant for woolfat usedin
water-emulsifying ointments and lipophilk creams. '

Water-absorption capacity
(see Tests).

Drop point (2.2.17, MethodA)
To fill the metal cup, melt the wool fat on a water-bath, cool
to about 50 °C, pour into the cup and allow to standat
15-20 'C for 24 h. The drop point is typicaily 38 "C to
44 'C.
____________________ PhE"

ethanoland in lightpetroleum.

IDENTIFICATION
First identification: B.
Second identification: A, C.
A. Meiring point (see Tests).
B. Examine the chromatograms obtained in the test for fatty
alcoholsand sterols.
Resulu The principal peaks in the chromatogram obtained
with the test solution aresimilar in retention time and size to
the principaI peaks in the chromatogram obtained with
reference solution (a).
C. Dissolve 50 mg in 5 mL of methylene chloride R and add
I mL of acetic anhydride Rand 0.1 mL of sulfuric acidR.
A greencolour is produced.

TESTS
Melting point (2.2.15)
45 "C to 55 "C. Allow to stand at 20 "C for 16 h.

Acid value (2.5.1)
Maximum 1.0, determined on 5.0 g.

Hydroxyl value (2.5.3, MethodA)
140 to 180.

Saponification value (2.5.6)
Maximum 8.0. Heat underreflux for 4 h.

Fatty alcohols and sterols
Gas chromatography (2.2.28).

Testsolution Dissolve 0.25 g of the substance to be
examinedin 60 mL of anhydrous ethanol R and dilute to
100.0 mL With the same solvent.
Reference solution (a) Dissolve 0.25 g of hydrogenated wool
fa' CRS in 60 mL of anhydrous ethanol R and dilute to
100.0 mL with the same solvent.
Reference solution (b) Dissolve 50 mg of cetylalcohol CRS
and 50 mg of Sl,,!oyl alcohol CRS in 60 mL of anhydrous
ethanol R and dilute to 100.0 mL with the same solvent.
Column:
- mtUeTial: fused silica;
- size: I = 30 m, 0 :;;: 0.25 mm;
- stationary phase: methylpolyriJoxane R or another non-polar

phase (film thickness 0.25 urn).
Carrier gas helium for chromaUJgraphy R.
Flowrate I mUmin.
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Figure 0969.-1. - Chromatogram for the testforfany alcohols and srerols in hydrogenated woolfat: reference solu.on (a)

____________________ PhE"

Detection Flame ionisation.
Injection I ~L
Results The chromatogram obtained with the testsolution
does not differ significantly from the chromatogram obtained
with reference solution (a) (Figure 0969.-1) and it does not
show enhanced peaks with retention timescorresponding to
cetyl alcohol and stearyJ alcohol present in the chromatogram
obtained withreference solution (b).

Loss on drying (2.2.32) ,
Maximum 3.0 per cent, determined on 2.000 g by drying in
an oven at 105 °C for I h.

Total ash (2.4.16)
Maximwn 0.1 per cent, determined on 5.0'g.

STORAGE
In a well-filled container, protected from light.

TESTS
Water-soluble acid or alkaline substances
Melt 6.7 g on a water-hath and shake vigorously for 2 min
with 75 mL of water R previously heated to 90-95 °C. Allow
to cool and filter through filter paper previously rinsed with
waterR. To 60 mL of the filtrate (which may not be clear)
add 0.25 mL of bromothymd blue solution RI. Not more than
0.2 mL of 0.02 M hydrochloric acidor 0.15 mL of 0.02 M

DEFINITION
Mixture of 75 per cent mlm of wool fat and 25 per cent m/m
of water. It is obtained by the gradual addition of water to
meltedwool fat with continuous stirring. A suitable
antioxidant may be added.

CHARACTERS
Appearance
Pale yellow, unctuous substance.

IDENTIFICATION
A. In a test-tube, dissolve 0.5 g in 5 mL of methylene
chloride R and add I mL of acetic anhydride Rand 0.1 mL of
sulfuric acid R. A green colour develops.

B. Dissolve 50 mg in 5 mL of methylene chloride R, add 5 mL
of sulfun"c acid R and shake. A redcolourdevelops and an
intense green fluorescence appears in the lowerlayer when
examined in daylight, with illumination from behindthe
observer.

.*.• •
* *<,»

Lanolin
(Ph. Eur. monograph 0135)

PhE"

Hydrous Wool Fat

100

100 ..... 300

300

325

350

Temperature
CC)

Time
(min)

0·5
5 - 45

45 - 60

Column

Temperature:

Injection port

Detector
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sodium hydroxide is required to change the colour of the
indicator.

Drop point (2.2.17)
38°C to 44 °C.

To fill the metal cup, melt the residue obtained in the test
for wool-fat content on a water-bath, cool to about 50°C)
pour into the cup and allow to stand at 15-20 °C for 24 h.

Water-absorption capacity
Place 109 of the residue obtained in the test for wool-fat
content in a mortar. Add waterR in portions of 0.2-0.5 mL
from a burette, stirring vigorously after each addition to
incorporate the waterR. The end-point is reached when
visible droplets remain which cannot be incorporated.
Not less than 20 mL of water R is absorbed.

Acid value (2.5.1)
. ,

the prescribed mixture of solvents.

Peroxide value (2.5.5, MethodA)
Maximum is.
Saponification value (2.5.6)
67 to 79, determined on 2.00 g while heating under reflux
for 4 h.

Water-soluble oxidisable substances
To 10 mL of the filtrate obtained in the test for water­
soluble acid or alkaline substances add 1 mL of dilute sulfuric
acidRand O. i mL of 0.02 M potassium permanganau. After
10 min, the solution is not completely decolourised.

Paraffins
Maximum 1.0 per cent.

The tap and COllOn plug, usedmust befree from grease Prepare
a column of anhydrous aluminium oxide 230 mm long and
20 mm in diameter by adding a slurry of anhydrous
aluminium oxide R and lightpotroleum R1 to a glass tube fitted
with a tap and containing light petroleum R t. Allow to settle
and reduce the depth of the layer of solvent above me
column to about 40 mm. Dissolve 3.0 g of the residue
obtained in the test for wool-fat content in 50 mL of warm
lightpetroleum Rl, cool, pass the solution through the column
at a rate of 3 mllrnin and wash with 250 mL of light
petroleum RJ. Concentrate the combined eluate and washings
to low bulk by distillation) evaporate to dryness on a water­
bath and heat the residue at 105 QCfor periods of 10 min
until 2 successive weighings do not differ by more than 1 mg.
The residue weighs a maximum of 30 mg.

Chlorides
Maximum liS ppm.

Boil l.3 g with 20 mL of ethanol (90 per cent VI!,? R under a
reflux condenser for 5 min. Cool) add 40 mL of waterR and
0.5 mL of nitric acid R and filter. To the filtrate add 0.15 mL
of a 10 gIL solution of silver nilrate R in ethanol
(90 per cent VI!,? R. Allow to stand for 5 min, protected from
light. Any opalescence in the solution is not more intense
than that in a standard prepared at the same time by adding
0.i5 mL ofa 10 gIL solution of ,ilvernitrate R in ethanol
(90 per cent VI!,? R to a mixture of 0.2 mL ofl.J.02 M
hydrochloric acid, 20 mL of ,thanol (90 per cent VI!,? R,
40 mL of waterRand 0.5 mL of nitric acid R.

Sulfated ash (2.4.14)
Maximum 0.1 per cent.

Ignite 5.0 g and use the residue.

Wool-fat content
72.5 per cent to 77.5 per cent.

2022

In a suitable tared dish containing a glass rod, heat 30.0 g to
constant mass on a water-bath, stirring continuously. Weigh
the residue.

STORAGE
At a temperature not exceeding 25°C.
___________________~ PhE"

Xanthan Gum
(ph. Bur. monograph 1277)

JlJ38-66-2

Action and use

PhE" _

DEFINITION
High-molecular-mass anionic polysaccharide produced by
fermentation of carbohydrates with Xanthomonas campesttis,
It consists of a principal chain of P(I ~4)-linked
n-glucose units with trisaccharide side chains) on alternating
anhydroglucose units) consisting of 1 glucuronic acid unit
included between 2 mannose units. Most of the
terminal units contain a pyruvate moiety and the
mannose unit adjacent to the principal chain may be
acetylated at C-6.

Xanthan gum has a relative molecular mass of approximately
1 x 106

• It exists as the sodium, potassium or calcium salt.

Content
Minimum 1.5 per cent of pyruvate acetal groups (C3H3 0 2;

M, 7i.l) (dried substance).

CHARACTERS
Appearance
White or yellowish-white) free-flowing powder.

Solubility
Soluble in water giving a highly viscous solution) practically
insoluble in organic solvents.

IDENTIFICATION
A. In a ilask, suspend I g in IS mL of 0.1 M hydrochloric
acid. Close the flask with a fermentation bulb containing
barium hydroxide solution R and heat carefully for 5 min.
The bariwn hydroxide solution shows a white turbidity.

B. To 300 mL of waterR) previously heated to 80 °C and
stirred rapidly with a mechanical stirrer in a 400 mL beaker)
add) at the point of maximum agitation) a dry blend of 1.5 g
of carob bean gum R and 1.5 g of the substance to be
examined. Stir until me mixture forms a solution) and then
continue stirring for 30 min or longer. Do not allow the
water temperature to drop below 60 °C during stirring.
Discontinue stirring and allow the mixture to stand for at
least 2 h. A finn rubbery gel fonns after the temperature
drops below 40 QC but no such gel forms in a 1 per cent
control solution of the sample prepared in the same manner
but omitting the carob bean gum.

TESTS
pH (2.2.3)
6.0 to 8.0 for a 10.0 gIL solution in carbon dioxide-free
waterR.

2-Propanol
Gas chromatography (2.2.28).
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Internal standard solution Dilute 0.50 g of 2-methyl-2­
propanol R to 500 mL with waterR.

Testsolution To 200 mL of waterR in a 1000 mL round­
bottomed flask, add 5.0 g of the substance to be examined
and 1 mL of a 10 gIL emulsion of dimeticone R in liquid
paraffin R, stopper the flask and shake for 1 h. Distil about
90.0 mL, mix the distillate with 4.0 mL of the internal
standard solution and dilute to 100.0 mL with water R.
Reference solution Dilute a suitable quantity of 2-propanol R,
accurately weighed, with waterR to obtain a solution having
a known concentration of 2-propanol of about I mglmL.
To 4.0 mL of this solution add 4.0 mL of the internal
standard solution and dilute to 100.0 mL with waterR.
CoIwnn:
- size: I = 1.8 m, 0 = 4.0 mm;
- stationary phase: ethylvinylbenzene-divinylbenzene

5.15). Someof thecharacteristics described in the Funaionahsy­
related characteristics section may also bepresent in the mandatory
part of the monograph since they also represent mandatory quality
criteria: In such cases, a crass-reference to the tests described in the
mandatory part isincluded in the Functionality-related
characteristics section. Control of thecharacteristics can contribute
to thequalityof a medicinal product by improving the consistency
0/the manufaaun·ng process and the perfonnance of the medicinal
product during use. W71ere control methods are tited, they are
recognised as being suitable for thepurpose, but other methodscan
also be used. W7Jet\ffier results for a particular characteristic are
reponed, the control method must be indicated.

Thefollowing characteristics may be relevant for xanthan gum
usedas viscosity-increasing agent.

Viscosity
(2.2.111): typically minimum 600 mf'a-s,

-- PIlE"

(ph. Eur. monograph 1381)

PIlE" _

87-99-0152.1

OH

HO HO\/H (.OH

~H
HO H

Add 3.0 g (dried substance) within 45-90 s into 250 ml, of a
12 gIL solution of potassium chloride R in a 500 mL beaker
stirring with a low-pitch propeller-type stirrer rotating at
800 r/min. When adding the substance take care that
agglomerates are destroyed. Add an additional quantity of
44 mL of water R, to rinse any adhering residue from the
walls of the beaker. Stir the preparation at 800 r/min for 2 h
whilst maintaining the temperature at 24 ± 1 °C. Determine
the viscosity within 15 min at 24 ± 1 °C using a rotating
viscosimeter set at 60 rlmin and equipped with a rotating
spindle 1.78 mm high and 12.60 mm in diameter which is
attached to a shaft 3.2 nun in diameter. The distance from
the top of the cylinder to the lower tip of the shaft should be
25.60 nun and the immersion depth 50.0 mm.

The following characteristics may berelevant for xanthangum
usedas matrixformer in prolonged-release tablets.

Viscosity
See test above.

Particle-size distribution (2.9.31 or 2.9.38)

Powder flow (2.9.36)

Xylitol

Action and use
Sweetening agent.

DEFINfl10N
lWeso-xylitoJ.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, crystalline powder or crystals.

c er -In urn).

Carnergas helium for chromatography R.
Flow rate 30 mUmin.
Temperature:
- column: 165°C;
- injection port and detector: 200 °C.

Detection Flame ionisation.

Injection '5 ~L.

Relativeretention Wirh reference to 2-propanol: 2-methyl-2­
propanol = about 1.5.

Limit:
- 2-propanol: maximum 750 ppm.

Loss on drying (2.2.32)
Maximum 15.0 per cent, determined on 1.000 g by drying in
an oven at 105 °C for 2.5 h.

Total ash (2.4.16)
6.5 per cent to 16"0 per cent.

ASSAY
Test solution Dissolve a quantity of the substance to be
examined corresponding to 120.0 mg of the dried substance
in waterR and dilute to 20.0 mL with the same solvent.

Reference solution Dissolve 45.0 mg of j>y/UTlk acid R in
waterR and dilute to 500.0 mL with the same solvent.

Place 10.0 mL of the test solution in a 50 mL round­
bottomed flask, add 20.0 mL of 0.1 M hydrochlari< acidand
weigh. Boil on a water-bath under a reflux condenser for 3 h.
Weigh and adjust to the initial mass with waterR. In a
separating funnel mix 2.0 mL of the solution with 1.0 mL of
dinitrophenylhydrazine-hydroch/ork so/mum R. Allow to stand
for 5 min and add 5.0 mL of ethyl acetate R. Shake and allow
the solids to settle. Collect the upper layer and shake with
3 quantities, each of 5.0 ml., of sodium carbonare solution R.
Combine the aqueous layers and dilute to 50.0 mL with
sodium carbonate solution R. Mix. Treat 10.0 mL of the
reference solution at the same time and in the same manner
as for the test solution"

Immediately measure the absorbance (2.2.25) of the
2 solutions at 375 nm, using sodium carbonate solution R as
the compensation liquid.

The absorbance of the test solution is not less than that of
the reference solution, which corresponds to a content of
pyruvoyl groups of not less than J.5 per cent.

FUNCTIONALITY-RELATED CHARACTERISTICS
This section provides infonnation on charaaerisics that are
recognised as being relevant control parameters for oneor more
functions of the substatlu when usedas an excipient (see chapter
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Solubility
Very soluble in water, sparingly soluble in ethanol
(96 per cent).

IDENTIFICATION
First idendficasion: B.

Second identification: A, C.

A. Melting poinr (2.2.14): 92 "C ro 96 "C.

B. Infrared absorption spectrophotometry (2.2.24).

Preparation Mulls in liquidparaffin R.

Comparison xylitolCRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 25 mg of the substance to be
examined in waterRand dilute to 10 mL with me same
solvent.

indicator. Not less than 12.8 mL of 0.05 M sodium thiosulfate
is required.

Related substances
Gas chromatography (2.2.2/f).

Internalstandardsolution Dissolve 5 mg of erythritol R in
water R and dilute to 25.0 mL with the same solvent.

Test solution (a) Dissolve 5.000 g of the substance to be
examined in waterR and dilute to 100.0 mL with the sante
solvent.

Test solutio" (b) Dilute 1.0 mL of test solution (a) to
10.0 mL with fOoter R.
Reference solution (a) Dissolve 5.0 mg each of
L-arabinitol CRS (impurity A), galactitol CRS (impurity B),
mannitd CRS (impurity C) and sorbitol CRS (impurity D) in
water R and dilute to 20.0 mL with the same solvent.

m, mass of lhe particular component in I mL of reference
solution (a). in miUigramsi

Detection Flame ionisation.

Injection 1~ of test solution (a) and reference solution (a)
(solutions obtained after derivatisation).

Relativeretention With reference to xylitol (retention
time = about 15 min): internal standard =about 0.6;
impurity A = about 0.9; impurity C = about 1.4;
impurity B =about 1.45; impurity D =about 1.5.

System suitability Reference solution (a):
- resolution: minimum 2.0 between the peaks due to

impurities Band D.

Calculate the percentage content of each related substance in
the substance to be examined using the following expression:

erence u
waterR and dilute to 10.0 mL with the same solvent.

Pipette 1.0 mL of test solutions (a) and (b) and reference
solutions (3) and (b) into 4 separate 100 mL round­
bottomed flasks. Add 1.0 mL of the internal standard
solution to each of the flasks containing test solution (a) or
reference solution (a), and 5.0 mL of the internal standard
solution £0 each of the flasks containing test solution (b) or
reference solution (b). Evaporate each mixture to dryness in
a water-bath at 60°C by suitable means. Dissolve each dry
residue in I mL of anhydrous pyridine R, add 1 mL of acetic
anhydride R to each flask and boil each solution under reflux
for 1 h to complete acetylation.

Column:
- size: 1= 30 m, 0 =0.25 rom;
- stationary phase: cyanapropyl(7)pheny/(7)methyl(86)

poIysiioxane R (0.25 urn).

Carner gas nitrogen R.
FWw rate 1 mUmin.

Split ratio 1:50 to 1:100.

Temperature:

170

170 ..... 230

230

250

250

Temperature

CCl
Time
(min)

0·1

1·6

6 - 30

Column

Injection port

DeleqOr

WQter R and dilute to 10 mL with the same solvent.

Reference solution (b) Dissolve 25 mg of mannitolRand
25 mg of xylitolR in water R and dilute to 10 mL with the
same solvent.

Plate TLC silica gelplate R.
Mobile phase fOoter R, ethyl acetate R, propanol R
(10:20:70 VIVIV).

Application 2 ~L.

Development Over 314 of the plate.

Drying In air.

Detection Spray with 4-aminobenzoic add solution R, dry in a
current of cold air until the acetone is removed, then heat at
100 °C for 15 min; allow to cool, spray with a 2 gIL solution
of sodium perodate R, dry in a current of cold air, then heat
at 100 °C for 15 min.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size (0

me principal spot in the chromatogram obtained with
reference solution (a).

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspension IV (2.2.1) and not more intensely coloured than
reference solution BY1 (2.2.2, J."Ietlwd II).
Dissolve 25 g in water R and dilute to 50.0 mL with the
same solvent.

Conductivity (2.2.3/f)
Maximum 20 ~S·cm-l.

Dissolve 20.0 g in carlxm dioxide-free waterR prepared from
d~.'/led fOoter R and dilute to 100.0 mL with the same
solvent Measure the conductivity of the solution while gently
stirringwith a magnetic stirrer.

Reducing sugars
Maximum 0.2 per cent, calculated as glucose equivalent.

Dissolve 5.0 g in 6 mL of water R with the aid-of gentle heat.
Cool and add 20 mL of cupri-cimc solution R and a few glass
beads. Heat so that boiling begins after 4 min and maintain
boiJing for 3 min. Cool rapidly and add 100 mL of a
2.4 per cent VIV solution ofglacialacetic acid Rand 20.0 mL
of O. 025 M iodine. With continuous shaking, add 25 mL of a
mixture of 6 volumes of hydrochloric acidR and 94 volumes
of waterR and, when the precipitate has dissolved, titrate the
excess of iodine with 0.05 M sodium thiosulfate using I mL of
starch solution R, added towards the end of the titration, as

www.webofpharma.com



2022 Xylometazoline Hydrochloride 11-1323

Ill" mass of the substance to be examined in I mL of test
solution (a), in milligrams;

R. ratio of lhe area of the peak due to the particular derivatised
component to the area of the peak due to the derivatised
internal standard in me chromatogram obtained with reference
solution (a)i

RN ratio of the area of the peak due to the panicular derivatised
component to me area of the peak due to the denvartsed
internal standard in the chromatogram obtained with test
solution (a).

The sum of the percentage contents of the related substances
in the chromatogram obtained with test solution (a) is not
greater man 2.0 per cent. Disregard any peak with an area
corresponding lO a percentage content of 0.05 per cent or
less.

~
H PH OH

". ··OH
HO' \ H

HO H
HO

B. meso-galacticol,

~
O H OH

H ,

HO \. ~o \H .~=
HO

C. o-mannitol,

OH

**** ** ** ****

1218-35-5280.8

Action and use
AJpha-ad.renoceptor agonist.

Preparation
Xylometazoline Nasal Drops

(ph. Bur. monograph 1162)

Xylometazoline Hydrochloride

D. n-glucltol (n-sorbitol).
_____________________ PhE<d

prescribed mixture of solvents.

Nickel (2.4.15)
Maximum 1 ppm.

Dissolve the substance to be examined in 150.0 mL of the
prescribed mixture of solvents.

Water (2.5.12)
.Maximwn 1.0 per cent, determined on 1.00 g.

Bacterial endotoxin. (2.6.14)
Less than 4 IU/g if the concentration is less than 100 gIL of
xylitol and less than 2.5 lU/g if the concentration is 100 g/L
or more of xylitol, when intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for me removal of bacterial endotoxins.

ASSAY
Gas chromatography (2.2.28) as described in the test for
related substances with the following modifications.

Injection 1 IJL of test solution (b) and reference solution (b)
(solutions obtained after derivatisation).

Calcu.late the percentage content of C jH I20 j using the
following expression:

Lead (2.4.10)
M.aximum 0.5 ppm.

T declared percentage content ofxylitol CRSj
m, mass of xylitol CRS in 1 mL of reference solution (b), in

milligrams;
m" mass of the substance to be examined in I mL of test

solution (b), in milligrams;
R, ratio of the area of the peak due to derivatised xylitol to the

area of the peak due to the deriwtised internal standard in the
chromatogram obtained with reference solution (b)j

~ ratio of the area of the peak due to derivatlsed xylitol to the
area of the peak due to the derivatised internal standard in the
chromatogram obtained with test solution (b).

LABELLING
The label stales:
- where applicable) the maximum concentration of bacterial

endotoxins;
- where applicable) that the substance is swtable for use in

the manufacture of parenteral preparations.

IMPURITIES

OH

HO H,...-D
H C.OH

~~
HO H

A. t-arabinitol,

PIlE" _

DEFINITION
2- [4-( 1,1-Dimethylethyl)-2,6-dimethylbenzyl]-4,5-dihydro­
IH-imidazole hydrochloride.

Content
99.0 per cent (0 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white) crystalline powder.

Solubility
Freely soluble in water) in ethanol (96 per cent) and in
methanol.

IDENTIFICATION
First identification: A) E.
Second identification: B) C) D) E.

A. Infrared absorption spectrophotometry (2.2.24).

Comparison xy/ometazoline hydrochloride CRS.
B. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance to be
examined in methanol R and dilute to 5 mL with the same
solvent.
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Reference solution Dissolve 20 mg of xylometazoline
hydrochloride CRS in methanol R and dilute to 5 mL with the
same solvent.

Plale TLC silica gel G plateR.

"'lobile phase concentrated ammonia R, methanol R
(5:100 VII').

Application 5 ~L.

Development Over 213 of me plate.

Drying In air.
Chlorine treatment At the bottom of a chromatographic tank
place a beaker containing a mixture of 1 volume of
hydrochlon", acidRl, 1 volume of waterR and 2 volumes of a
15 gIL solution of potassium pennanganate R. Close the tank
and allow to stand for 15 min. Place the dried plate in the
tank and reclose the tank. Leave the plate in contact with me
chlorine vapour for 5 min. WI w e p ate an p ace I tn

a current of cold air until the excess of chlorine is removed
and an area of the coating below the points of application
does not give a blue colour with a drop of potassium iodide
and starch solution R.
Detection Spray with potassium iodide and starch soluu"on R.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position) colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

C. Dissolve about 0.5 mg in 1 mL of methanol R.
Add 0.5 mL of a freshly prepared 50 gIL solution of sodium
nitrojJlWSide Rand 0.5 mL ofa 20 gIL solution of
sodium hydroxide R. Allow to stand for 10 min and add I mL
of an 80 gIL solution of sodium hydrogen carbonate R. A violet
colour develops.

D. Dissolve 0.2 g in I mL of waterR, add 2.5 mL of ethanol
(96 percen!> R and 2 mL of 1 M sodium hydroxide.
Mix thoroughly and examine in ultraviolet light at 365 nm.
The solution shows: no fluorescence or at most the same
fluorescence as a blank solution prepared in the same
manner. The identification is not valid unless a solution
prepared in the same manner using naphazoline
hydrochloride CRS instead of the substance to be examined
shows a distinct bluish fluorescence.

E. It gives reaction (a) of chlorides (2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y6 (2.2.2J lWethod 11).

Dissolve 2.5 g in waterR and dilute to 50.0 mL with the
same solvent.

Acidity or alkalinity
Dissolve 0.25 g in carbon dioxide-free waterR and dilute to
25 mL with the same solvent. Add 0.1 mL of methyl red
solution R and 0.1 mL of 0.01 M hydrochloric acid. •
The solution is red. Not more than 0.2 mL of O.011W sodium
hydroxide is required to change the colour of the indicator to
yellow.

Related substances
Liquid chromatography (2.2.29).

Testsolution Dissolve 50.0 mg of the substance to be
examined in waterR and dilute to 50.0 mL with the same
solvent. Allow to stand for 1 h before injection.

Reference solution (a) Dilute 5.0 mL of the test solution to
100.0 mL with waterR. Dilute 2.0 mL of this solution to
100.0 mL with walerR.

2022

Reference solution (b) Dissolve 5.0 mg of xylvmetazoline
impurityA CRS and 5 mg of the substance to be examined in
waterR and dilute to 50.0 mL with the same solvent. Dilute
10.0 mL of this solution to 50.0 mL with waterR.
Reference solution (c) Dilute 5.0 mL of reference solution (b)
to 50.0 mL with waterR.
Colmnn:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography with embedded polargroups R (5 urn).

Mobile phase:
- mobile phaseA: 1.36 gIL solution ofpotassium dihydrogen

phosphale R adjusted to pH 3.0 with phosphori< acidR;
- mobile phase B: acetonitrile for chromatography R,

Time Mobile phase A MobUe phase B
(min) (per cent ercen

0-5 70 30

5·20 70 --> 15 30 -->85

20·35 15 85

Flaw rale 1.0 mllmin.

Detection Spectrophotometer at 220 nm.

Injection 10 ~L.

Relative retention With reference to xylometazoline
(retention rime = about 7.2 min): impurity A = about 0.79.

System suitability Reference solution (b):
- resolution: minimum 2.5 between the peaks due to

impurity A and xylometazoline.

Limits:
- impuniy A: not mote than the area of the corresponding

peak in the chromatogram obtained with reference
solution (c) (0.2 per cent);

- unspecified impurities: for each impurity, not more than the
area of the principal peak in the chromatogram obtained
with reference solution (a) (0.10 per cenr);

- total: not more than 5 times the area of the principal peak
in the chromatogram obtained with reference solution (a)
(0.5 per cent);

- disregard lim-it: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (a)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.200 g in 25 mL of anhydrous acetic acidR and add
10 mL of acetic anhydride R. Titrate with 0.1 M perchloric
acid) determining; the end-point potentiometrically (2.2.20).

I mL of O. 1 M perchIori< acid is equivalent to 28.08 mg
of C,oH2,CIN2.

STORAGE
Protected from light.

IMPURITIES
Specified impuruies A.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level) be detected by oneor other oj the tests
in the monograph. They arelimited by thegeneral acceptance
cruetion for otheriunspecijied impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034).11 is
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therefore notnecessary 10 identify these impurities for
demonstration of compliance; See also 5.10. Control ofimpun"ties
in substances for phannaceuticaluse) B, C, D, E, F.

Xylose
(ph. Eur. monograph 1278)

~O';-.OH
Hh'\L.(

OH

58-86-6150.1CsHIOOs
PhE'" ~ _

A. N-(2-aminoethyl)-2-[4-(I,I-dimethylethyl)-2,6­
dimethyJphenyl]acetamide,

H,C

DEFINITION
o-Xylopyranose.

CHARACTERS
Appearance

CH,

B. 2-(chloromethyl)-5-(I,I-dimethylethyl)-1,3­
dimethylbenzene,

H'C~CH'"",CH,
H,C I

"'" CN

CH,

C. [4-( I,I-dimethylethyl)-2,6-dimethylphenyl]acetonitrile,

D. 1-(1, I-dimethylethyl)-3,5-dimethylbenzene,

E. ethane-I,2-diamine mono(4-methylbenzenesulfonate},

~c CH3

H,C~CH,

~co,H
CH,

F. [4-(I,I-dimethylethyl)-2,6-dimethylphenyl]acetic acid.
__________~ PhE'"

White or almost white, crystalline powder or colourless
needles.

Soluhility
Freely soluble in water, soluble in hot ethanol (96 percent).

IDENTIFICATION
First identification: A.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Discs.
Comparison xylose CRS.

B. Thin-layer chromatography (2.2.27).

So/vent mixture waterR, methanol R (2:3 VIV).
Test solution Dissolve 10 mg of the substance to be
examined in the solvent mixture and dilute to 20 mL with
the solvent mixture.
Reference solution (a) Dissolve 10 mg of xylose CRS in the
solvent mixture and dilute to 20 mL with the solvent
mixture.
Reference solution (b) Dissolve 10 mg offluetose R, 10 mg of
glucose Rand 10 mg of xylose R in the solvent mixture and
dilute to 20 mL with the solvent mixture.
Plate TLC silica gelplateR.
Mobile phase waterR, methanol R, anhydrous acetic acidR,
ethylene chloride R (10:15:25:50 VIVIVIJI); measure the
volumes accurately since a slight excess of water produces
cloudiness.
Application 2 ~L; thoroughly dry the points of application.

Development Overa path of 15 em.
Drying In a current of wann air.
Detection Spray with a 5 gIL solution of thymol R in a
mixture of 5 volumes of sulfuric acid Rand 95 volumes of
ethanol (96 per cenQ R. Heat in an oven at 130 "C for
10 min.
System suitability Reference solution (b):

- the chromatogram shows 3 clearly separated spots.
Resldts The principal spot in the chromatogram obtained
with the test solutionis similar in position, colourand size to
theprincipal spot in the chromatogram obtained with
reference solution (a).
C. Dissolve 0.1 gin 10 mL of waterR. Add 3 mL of cupri­
tanasic solution R and heat. An orange or red precipitate is
formed.
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TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free water R and dilute to
100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, MethodII).

Acidity or alkallnity
To 50 mL of solution S add 0.3 mL of pherwlphthalein
solution RI. The solution is colourless. Not more than
0.2 mL of 0.1 M sodium hydroxide is required to change the
colourof the indicator to pink.

Specific optical rotation (2.2.7)
+ 18.5 to + 19.5 (dried substance).

Dissolve 10.0 g in 80 mL ofwa",r R, add I mL of dilu'"
ammonia R2 and dilute to 100.0 mL withwaterR. Allow to

TESTS
Solution S
Dissolve 0.500 g in carbon dioxide-free waterR with heating,
allow to cool to room temperature and dilute to 50.0 mL
with the same solvent.

pH (2.2.3)
3.5 to 5.5 for solution S.

Specific optical rotation (2.2.7)
+ 101.0 ro + 105.0 (dried substance), determined on
solution S.

Related substances
Liquid chromatography (2.2.29). Prepare thesolutions proteaed
from lighl
Test solution Dissolve 10.0 rng of the substance [0 be
examined in methanol R and dilute to 50.0 mL with the same

PhE.. _

____________________ PhE..

Chlorides (2.4.4)
Maximum 330 ppm.

Dilute 1.5 mL of solution S to 15 mL with water R.

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
an oven at 105 "C at a pressure not exceeding0.7 kPa.

Sulfated ash (2.4.14)
Maximum 0.1 per cent) determined on 1.0 g.

Reference solution (a) Dissolve 5.0 mg of yohimbine
hydrochloride CRS (containing impurities A, F and G) in
methanol R and dilute to 25.0 mL with the same solvent.
Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 mL with methanol R.
Reference solution (c) Dilute 1.0 mL of reference solution (b)
to 10.0 mL with methanol R.

Column:
- size: 1= 0.125 m, 0 = 4.0 mm;
- stationary phase: oclylsilyl SIlica gelfor chromatcgrophy R

(4 ~m);

- temperature: 40 "C.

Mobile phase Mix 50 mL of a 9.08 gIL solution of potassium
dihydrogen phospho", R, 100 mL of an 11.88 gIL solution of
d~odium hydrogen phosphate dihydrate R, 285 mL of
acetomtrile R, 4.0 g of sodium lallrilsulfa'" R and 355 mL of
waterR.
Fktw ra'" 1.5 mllmin.
Detection Spectrophotometer at 229 nm.

Injection 10 1'1-.
Run time 3 times the retention timeof yohimbine.
RelatiVe retention With reference to yohimbine (retention
time =about 7 min): impurity F =about 0.65;
impurity G =about 0.70; impurity A =about 0.75.

System suitability Reference solution (a):
- peak-zo-valley ratio: minimum 1.3) where Hp = height

above me baselineof the peakdue to impurity G and
Hf} = height above the baseline of the lowestpoint of the
curve separating this peak from the peakdue to
impurity A; and minimum 1.3, where Hp = height above
the baseline of the peak due to impurity G and
H; = height above the baselineof the lowestpoint of the
curveseparating this peakfrom the peakdue to
impurity F.

Limits:
- sum of impun'ties A and G: not more than the area of the

principal peak in the chromatogram obtained with
reference solution (b) (1.0 per cent);

- impun·ty F: not more than 4 timesthe area of the principal
peak in the chromatogram obtained with reference
solution (c) (0.4 per cent);

- unspecified impurities: for each impurity, not more than the
areaof the principal peak in the chromatogram obtained
with reference solution (c) (0.10 per cent);

- toud: not more than twice the area of the principal peak in
the chromatogram obtained with reference solution (b)
(2.0 per cent);

65-19-0

**** ** ******

390.9

Yohimbine Hydrochloride
(Ph. Ellr. monograph 2172)

C"H"ClN,O,

Action and use
Alpha2-adrenoceptor antagonist.

DEFINITION
Methyl 17e<-hydsoxyyohimban-I6<t-carboxylate
hydsochloride.

Content
97.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly yellowish, crystalline powder.
Solubility
Sparingly soluble in water, practically insoluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison yohimbine hydrochloride CRS.
B. It gives reaction (a) of chlorides (2.3.1).
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- disregard limit: 0.5 times the area of the principal peak in
the chromatogram obtained with reference solution (c)
(0.05 per cent).

Loss on drying (2.2.32)
Maximum 0.5 per cent) determined on 1.000 g by drying in
an oven at 105 "C.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution and reference solution (a).

Calculate the percentage content of C21H27ClN203 from the
declared content of yohimbine hydrochloride CRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Spuijied impurities A, F, G.

Otherdetectable impurities (the following substances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limited by the general acceptance
en"ten"on for other/unspecified impun"ties and/or by the general
monograph Substances for phannaceutical use (2034). It is
therefore not necessary ro identifythese impuniies for
demonstration of compliance. See also5.10. Control of impuriues
in substances for pharmaceutical use) B~ C~ D~ E.

D. methyl 17<x-hydroxy-3Jl-yohimban-16<x-carboxylate
(pseudo-yohimbine),

E. methyl (2Z)-2-[(2S,3R,12bS)-3-ethyl-l,2,3,4,6,7,12,12b­
octahydroindolo[2,3-a]quinolizin-2-yl]-3-methoxyprop-2­
enoate,

F. unknown structure,

G. unknown structure.
___________________ PIlE"

A. methyl 17Jl-hydroxyyohimban-I6a-carboxylate
(P-yohimbine),

Zanamivir Hydrate
(ph. Eur. monograph 26JJ)

HO~HHO.. ·'H

H 0 COzH
H

HN .
H C--' H' ', NHz

3 '0 HHN-{
NH

• xHzO

PIlE" _

DEFINITION
(2R,3R,4S)-3-Acetamido-4-earbamimidamido-2-[(lR,2R)­
1,2,3-trihydroxypropyl)-3,4-<1ihydro-2H-pyran-6-carboxylic
acid hydrate.

Content
97.0 per cent to 102.0 per cent (dried substance).

It contains a variable quantity of water.

CHARACTERS
Appearance
White or almost white, slightly hygroscopic powder,

Solubility
Slightly soluble in water, practically insoluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
A. Specific optical rotation (see Tests).

B. Infrared absorption spectrophotometry (2.2.24).

551942-41-7C12H,oN,O, ...H,O 332.3
(anhydrous substance)

Action and use
Neuraminidase inhibitor; treatment of influenza.

B. methylI7<x-hydroxy-20<x-yohimban-16p-carboxylate
(a-yohimbine),

c. methyl 17<x-hydroxyyohimban-16p-carboxylate
(corynantheine),
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Comparison zanamivir hydrate CRS.

TESTS
Specific optical rotation (2.2. 7)
+ 36.0 to + 38.5 (dried substance).

Dissolve 0.250 g in 25.0 mL of waterRj sonicate until
dissolution is complete.

Related substances
Liquid chromatography (2.2.29).

Test solutwn (a) Dissolve 23.0 mg of the substance to be
examined in 20 mL of waterR and dilute to 50.0 mL with
acetonitnle RI.

Ten solutimr (b) Dilute 5.0 mL of test solution (a) to
50.0 mL with the mobile phase.

Reference solution (oJ Dissolve 23.0 mg of zanamivirfor
. mL 0 waterR and dilute to 50.0 mL with

ace"mitrile RI. Dilute 5.0 mL of the solution to 50.0 mL with
the mobile phase.

Reference solution (b) Dissolve 5 mg of eanamwir for system
sw'taln1ity GRS (containing impurities A, B, C and E) in
6 mL of waterR and dilute to 10 mL with acetonitrile RI.
Reference solution (c) Dilute 1.0 mL of test solution (a) to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 rnLwith the mobile phase.

Reference solution (d) Dissolve 3.0 mg of eoncmivir
impun'ty F CRS in the mobile phase and dilute to 100.0 mL
with the mobile phase.

Reference sdution (e) Dilute 1.0 mL of reference solution (d)
to 100.0 mL with the mobile phase. Dilute 3.0 mL of this
solution to 20.0 mL with the mobile phase.

Golumn:
- size: 1::;;; 0.25 m, (2) :;; 4.6 mm;
- stationary phase: amino alkyl vinyl polymer for

chromatography R (5 urn);
- temperature: 30 ·C.
Mobile phase 0.7 gIL solution of sulfuric acid R previously
adjusted to pH 5.5 with diluteammonia R3, cuetonitrile Rl
(40:60 VII').

Flow rate 1.5 mllmin.
Detection Spectrophotometer at 234 nm.
Preconditioning of the column Prior to first use, rinse with a
0.7 gIL solution of ammonium sulfate R at 15 mUmin at
30°C for about 1 h; prior to each use, rinse with the mobile
phase for at least 8 h.

Injection 20 J.lL of test solution (a) and reference
solutions (b), (c) and. (e).

Run time 3 times the retention time of zanamivir.
Identification of impurities Use the chromatogram supplied
with zanamivir for system suitability GRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities A, B, C and E; use the
chromatogram obtained with reference solution (e) to identify
the peak due to impurity F.

Relativeretention With reference to zanamivirtretention
time :::: about 9 min): impurity F = about 0.3j
impurity B = about 0.6; impurity C = about 0.75;
impurity E =about 0.8; impurity A =about 2.6.

Systemsuitability:
- signal-to-noise ratio: minimum 10 for the principal peak in

the chromatogram obtained with reference solution (e);
- prok-to-valley ratio: minimum 2.5, where Hp :::: height

above the baseline of the peak due to impurity E and
H" :::: height above the baseline of the lowest point of the

2022

curve separating this peak from the peak due to
impurity C in the chromatogram obtained with reference
solution (b).

Calculation of percentage conUnlS;

- for impurity F, use the concentration of impurity F in
reference solution (e);

- for impurities other than F, use the concentration of
zanamivir hydrate in reference solution (c).

Limits:
- ~·mpunty A: maximum 0.5 per cent;
- impurity B: maximum 0.3 per cent;
- impuniy C: maximum 0.2 per cent,
- impurity F: maximum 0.01 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- total: maximwn 1.2 per cent;

Loss on drying (2.2.32)
4.0 per cent to 9.0 per cent, determined on 1.000 g by
drying in vacuo at 105 DC.

Sulfated ash (2A.I</)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modification.

Injection Test solution (b) and reference solution (a).

Calculate the percentage content of CLzHzoN407 taking into
account the assigned content of zanamivir for assayGRS.

STORAGE
In an airtight container, protected from light.

IMPURITIES
Specified impurities A, B, C, F.
Orner detectable impuriries (me follQwing substances 'a/ould.J if
present at a sufficient level.J be detected by oneor other0/the tests

in the monograph. They are limitedby tire general acceptance
aiuiion for other/unspecified impuniies and/orby the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See a150 5.10. Gontrol of impurities
in substances for pharmaceutical use) D, E.J H.

HO~HHO._.. ·'··H
H 0 C0 2H

H

HN I
/ 0

H,C---{O H H~N~~H
HO.... --··H

H 0 Co.H

H: I
H3C--{ Hi \ JNH2

o HHN~

NH

A. (2R,3R,4S)-3-acetantido-2-[(IR,2R)-3-[[[(2R,3R,4S)-3­
acetamido-ti-carboxy-2-[( 1R,2R)-I,2,3-trihydroxypropyl]­
3,4 -dihydro-2H-pyran-4-yl]carbamoyl]oxy]-1 ,2­
dihydroxypropyl]-4-carbamimidamido-3,4-dihydro-2H­
pyran-6-carboxylic acid,

B. unknown structure,
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Action and use
Nucleoside reverse transcriptase inhibitor; antiviral (HIV).

(ph. Eur. monograph 1059)

C. (2R,3R,4S)-3-acelamido-4-amioo-2-[(IR,2R)-1,2,3­
trihydroxypropylj-3,4-dihydro-2H-pyran-6-carooxylic acid,

Zidovudine

C,oH,,N,O.

o

0 CH,
HN. J

Ho'<9

N,

261.2

**** ** ** ****

30516-87-1

D. (2R,3R,4S)-3-acetamido-4-(caroamoylamino)-2-[(IR,2R)­
1,2,3-trihydroxypropyij,3,4-dihydro-2H-pynm-6­
carboxylic acid,

HO~HHO~..~·H .

H 0 COfft
H

HN. I Nt<,
H C-' H'- \ HN--{

3 \ HHN-{, NH.
NH

E. (2R,3R,4s)-3-acetamido-4-(N'­
carbamimidoylcaroamimidamido)-2-[(IR,2R)-1,2,3­
trihydroxypropyl]-3,4-dihydro-2H-pyran-6-carooxylic acid,

F. IH-pyrawle-I-carboxirnidamide,

HO~HHO. '~'H

H" 0 CQii
H

HN. I
H c-' Hi / N~

3 ~ HHN--{
NH

H. (2R,3R,4R)-3-acetamido-4-carbamimidamido-2-[(IR,2R)­
I,2,3-trihydroxypropyl]-3,4-dihydro-2H-pyran-6­
carboxylic acid.

____________________ PhE"

Preparations
Zidovudine Capsules
Zidovudine Tablets

Zidovudine and Lamivudine Tablets
Zidovudine Infusion

Abacavir, Zidovudine and Lamivudine Tablets

PhE" _

DEFINITION
3'-Azido-3'-deoxythymidine.

Content
91.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
White or slightly brownish powder.

Solubility
Sparingly soluble in water, soluble in anhydrous ethanol,
practically insoluble in heptane.
Ir shows polymorphism (5.9).

IDENTIFICATION
A. Specificoptical rotation (see Tests).
B. Iofrared absorption spectrophotometry (2.2.24).

Comparison zidovudine CRS.
If the spectra obtainedin the solid state show differences,
dissolve the substance to be examined and the reference
substance separately in the minimum volwne of water R,
evaporate to dryness in a desiccator, under high vacuwn over
diphosp!wms pentoxide R and record new spectra usingthe
residues.

TESTS
Appearance of solution
The solution is not more opalescent than reference
suspensionJ (2.2.1) and not more intensely coloured than
reference solution BY, (2.2.2, Method 11).

Dissolve 0.5 g in 50 mL of waterRJ heatingif necessary.

Specific optlcal rotation (2.2.7)
:t- 60.5 to + 63.0 (dried substance), measured at 25 "C.

Dissolve 0.50 g in anhydrous ethanol R and dilute to 50.0 mL
with the same solvent.

Related substances
A. Liquid chromatography (2.2.29).

Solventmixture Mix 4 volumes of acetonitrile R, 20 volumes
of methanol Rand 76 volumes of a 2 gIL solution of
ammonium atetate R previously adjusted to pH 6.8 with diluu
acetic acid R.
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Testsolution (a) Dissolve 20.0 mg of the substance to be
examined in the solvent mixture and dilute to 20.0 mL with
the solvent mixture.

Test solution (b) Dilute 10.0 mL of test solution (a) to
50.0 mL with the solvent mixture.

Reference solUlwn (a) Dissolve 2 mg of zidooudme
impwity B CRS in the solvent mixture and dilute to 50 mL
with the solvent rnixture. Dilute 1 mL of the solution to
20 mL with me solvent mixture.

Reference solution (b) Dissolve 5 mg of zidovudine for system
suitabilityA CRS (containing impurity G) in reference
solution (a) and dilute to 5 mL with reference solution (a).

Reference solution (c) Dilute 1.0 rnL of test solution (a) to
100.0 rnL with the solvent mixture. Dilute 1.0 rnL of this
solution to 10.0 mL wil:h the solvent mixture.

eter ce
the solvent mixture and dilute to 20.0 mL with the solvent
mixture. Dilute 10.0 mL of the solution to 50.0 mL with the
solvent mixture.

Reference solution (e) Dissolve I mg of zidouudine
impurir.y D CRS in a mixture of 4 volumes of acetonitrile R,
40 volwnes of methanol Rand 56 volumes of a 2 gIL solution
of ammonium acetate R previously adjusted to pH 6.8 with
dilute cuetic acid R and dilute to 50 mL with the same
mixture of solvents. Dilute 5 mL of the solution to 10 rnL
with the same mixture of solvents"

Column:
- size: I =0.25 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-capped octadecy/silyl

,ilua gelforchromatdgraphy R (5 pm).

Mobile phase:
- mobile phase A: 2 gIL solution of ammonium autaceR

adjusted to pH 6.8 with diluteacetic acidRj
- mobile phase B: aceumittile R;

Time MobUe phase A Mobile phase B
(min) (per' cent VIJI) (pet' cent VIl?
0-3 95 5

3 ~ 18 95' ..... 85 5 ..... 15

18 - 28 85 ..... 30 15 ..... 70

28 - 43 30 70

Flow rate 1.5 m1Jmin.

Detection Spectrophotometer at 265 nrn.

InjutUm 20 ~L of test solution (a) and reference
solutions (b), (c) and (e).

Identification of impurities Use the chromatogram supplied
with zidwudine for system suitab/7i,y A CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities B, and G; use me
chromatogram obtained with reference solution (e) to identify
the peak due to impurity D.

Relative retention With reference to zidovudine (retention
time =about 16 min): impurity B =about 1.05;
impurity G = about 1.5; impurity D = about'z.n.

System suitabIlity Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

zidovudine and impurity B.

Ca/cuknion ofpercentage contents:
- for each impurity, use the concentration of zidovudine

in reference solution (c).

Limits:
- impurity G: maximum 0.2 per cent;

2022

- unspecified impurities: for each impurity, maximum
0.10 per cent;

- reporting threshold: 0.05 per cent; disregard any peak
due to impurity D and any peak eluting after this
impurity.

B. Liquid chromatography (2.2.29).

Testsolution Dissolve 0.5 g of the substance to be examined
in 10 rnL of acetonilnkR and dilute to 100.0 mL with the
mobile phase.

Reference solution (a) Dissolve 5.0 mg of zidotrudine
impurityD CRS in acetonitrile R and dilute to 10.0 mL with
the same solvent"

Reference solution (b) Dilute 1.0 mL of reference solution (a)
to 100.0 rnL with the mobile phase.

Reference solution (c) Dilute 1 mL of reference solution (a)
. tion.

Column:
- size: / = 0.15 m, 0 = 4.6 mm;
- stationary phase: base-deactivated end-eapped octaduylsilyl

silica gelfor chromiuogrophy R (5 pm).

Mobilephase waterfor chromatagraphy R, acetonitrile Rl
(30:70 VII').

Flow rate 1.0 mlJmin.

Detection Spectrophotometer at 210 om.

lnjeaion 20 J.LL of the test solution and reference
solutions (b) and (c).

Run lime 10 times the retention time ofzidovudine.

Identification of impun"tie.s Use me chromatogram obtained
with reference solution (b) to identify the peak due to
impurity D.

Relativeretention With reference to zidovudine (retention
time = about 1.5 min): impurity D = about 2.5.

System suitability Reference solution (c):
- resolution: minimum 5.0 between the peaks due to

zidovudine and impurity D.

Calculation of percentage contents:
- for each impurity, use the concentration of impurity D

in reference solution (b).

Limits:
- unspedfied impurities: for each impurity, maximum

0.10 per cent;
- reporting threshold: 0.05 per cent; disregard any peak

eluting before impurity D.

Limit:
- totalfor testsA and E: maximum 1.0 per cent.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 105°C.

Sulfated ash (2.4.14)
Maximwn 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in test A for
related substances with the following modification.

Injection Test solution (b) and reference solution (d)"

Calculate the percentage content of C IOH13N50 4 taking into
account the assigned content of zidOfJUd;'le CRS.

STORAGE
Protected from light.

IMPURITIES
Test A for related substances: AJ B, C, E, F, G.
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C. 5-methyJpyrimidine-2,4(IH,3H)-dione (thymine), __~ PhE"

J. 3'-azido-3'-deoxy-5'-O-(triphenylmethyl)thymidine (triryl­
zidovudine),

G. 3'-(3'-ezido-3'-deoxythymidin-3-yl)-3'-deoxythymidine,

K. 1,1',I "-(methoxymethanetriyl)tribenzene (methyl trityi
ether).

~
o CH,

HN IHo\9
CI

Test B for related substances: D, J, K.
Specified impurities G.

Otherde/arable impurities (the following sub,tances would, if
present at a sufficient level, be detected by oneor other of the tests
in the monograph. They are limitedby thegeneral a«eptance
cruenon for otherhmspedfied impU7ities and/or by the general
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A, B, C, D, E, F, J, K.

HO

A. 3'-deoxy-2 ',3'-didehydrothymidine,

B. 3'-chloro-3'-deoxythymidine,

D. triphenylmel:hanol,

Zinc Acetate
(Zinc AcetateDihydrate, Ph. Eur. monograph 1482)

C,H.O,Zn,2H20 219.5

**** ** ** ****
5970-45-6

~
o CH,

HN IHo\9
OH

E. thymidine,

o
~CH,

HN.)

HO,:::7
~

F.3'-epi-thymidine,

Action and use
Astringent.

Preparadon
Erythromycin and Zinc Acetate Lotion

PhE" _

DEFINITION
Content
99.0 per cent to 101.0 per cent of C4H60 4Zn)2H20 .

CHARACTERS
Appearance
White or almost white crystalline powder or flakes.

Solubility
Freely soluble in water) soluble in ethanol (96 per cent).

IDENTIFICATION
A. It gives reaction (3) of acetates (2.3.1).

B. It gives the reaction of zinc (2.3.1).
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1I-1332 Zinc Acexamate 2022

TESTS
Solution S
Dissolve 10.0 g in carbon dioxide-free waterR prepared from
distined warn R and dilute to 100 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Merhod 1I).

pH (2.2.3)
5.8 '07.0.
Dilute 10 mL of solution S to 20 mL with carbon dioxide-free
water R.
Reducing substances
Boil for 5 min a mixture of 10 mL of solution S, 90 mL of
waterR, 5 mL of dilute su/fum acidRand 1.5 mL of a
0.3 gILsolution of potassium pennanganaz.e R. The pink
colour of the solution remains.

Testsolution Dissolve 1.25 g in 20 mL of a 200 gIL solution
of cadmium- and lead-free nitric acid R and dilute to 25.0 mL
with the same acid solution.
Reference solutions Prepare the reference solutions using iron
standard sohuion (20 ppm Fe) R, diluted with a 200 gIL
solution of cadmium- andlead-free nitric add R.
Source Ironhollow-cathode lamp.
Wavelength 248.3 om.
Atomisau'on device Air-acetylene flame.

Lead
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23, MethodI).
Test solution Dissolve 5.00 g in 20 mL of a 200 gILsolution
of cadmium- and lead-free niuicacidR and dilute to 25.0 mL
with the same acid solution.

!'hflr _

______~ !'hflr

70020-71-2409.8

(ph. Eur. monograph 1279)

C,Jf,.N20.zn

Reference solutions Prepare ere erence so u Ions usmg ea
standard solution (0.1 percent Ph) R, diluting with a 200 gIL
solution of cadmium- and lead-free nitric acid R.

Source Lead hollow-cathode lamp.

Wavelength 283.3 om.
Atomisauon device Air-acetylene flame.

ASSAY
Dissolve 0.200 g in 5 mL of dilute acetic acidR. Carry out the
complexometric titration of zinc (2.5.11).
1 mL of 0.1 "'1 sodium edeuue is equivalent to 21.95 mg
of C.H.O.Zn,2H20 .

STORAGE
In a non-metallic container.

Zinc Acexamate

DEFINITION
Zinc bis(6-acetamidohex:anoate).

Content
97.5 per cent to 101.0 per cent (dried substance).

CHARACTERS
Appearance
White or almost white, crystalline powder.

Solubility
Soluble in water, practically insoluble in acetone and in
ethanol (96 per cent). It dissolves in dilute nitric acid.

mp
About 198 -c,
IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison zinc aaxamate GRS.
B. 5 mL of solution S (see Tests) gives the reaction of zinc
(2.3.1).

C on es 2..
Maximum 50 ppm.

Dilute 10 mL of solution S with 15 mL of water R.

Sulfates (2.4.13)
Maximum 100 ppm, determined on solution S.

Alumlnlum
Maximum 5 ppm.
Atomic absorption spectrometry (2.2.23, Merhod I).
Test salution Dissolve 2.50 g in 20 mL of a 200 gIL solution
of cadmium- and lead-free mine acid R and dilute to 25.0 mL
with the same acid solution.
Reference solutions Prepare the reference solutions using
aluminium standard solution (200 ppm AQ R, diluted with a
200 gIL solution of cadmium- and lead-free nitric acidR.
Source Aluminium hollow-cathode lamp.
Wavelength 309.3 om.
Awmisarion device Air-acetylene or acetylene-nitrous oxide
flame.

Arsenic (2.4.2, Merhod A)
Maximum 2 ppm, determined on 0.5 g.

Cadmiwn
Maximum 2 ppm.

Atomic absorption spectrometry (2.2.23, Merhad I).
Testsolution Use the solutiondescribed in the (est for
aluminium.
Reference solutions Prepare me reference solutions using
cadmium standard solution (0.1 per cent Cd) R, dilutedwith a
200 gIL solution of cadmium- and lead-free mim acidR.
Source Cadmiumhollow-cathode lamp.
Wavelength 228.8 om.
Atomisation deoice Air-acetylene flame.

Copper
Maximum 50 ppm.

Atomic absorption spectrometry (2.2.23, MethodI).
Test solution Use me solution described in the test for iron.
Reference solutions Prepare the reference solutions using
copper standard salution (l0 ppm Cu) R, diluted with a
200 gIL solution of cadmium- and lead-free nitric acid R.

Source Copperhollow-cathode lamp.
Wavelength 324.8 om.
Atomisation device Air-acetylene flame.

Iron
Maximum 50 ppm.
Atomic absorption spectrometry (2.2.23, Merhod l).
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TESTS
Solution S
Dissolve 0.5 g in carbon dioxide-free waterR and dilute to
20 mL with the same solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension N (2.2.1) and is colourless (2.2.2, MethodII).

pH (2.2.3)
5.0 to 7.0 for solution S.

Impurity B
Thin-layer chromatography (2.2.27).

Test solution Dissolve 0.30 g of me substance to be
examinedin water R and dilute to 10 mL with the same
solvent.
Reference solution Dissolve 15 mg of 6-aminohexanoic acid R. . .

solvent. Dilute I mL of chis solution to 10 mL with water R.
Plate TLC silica gd plateR.

Mobilephase ammonia R, waterR, ethanol (96 per cent) R
(2:30:68 VIVIV).

Application 5 IJL; allow to dry in air.
Development Over a path of 15 em.

Drying In a current of warm air.

Detection Spray with ninhydn"n solution R and heat at
100-105 °C for 15 min.

Limit:
- impurity B: any spot due to impurity B is not more intense

than the corresponding spot in the chromatogram
obtained with the reference solution (0.5 per cent).

Related substances
Liquid chromatography (2.2.29).

Testsoluuon (a) Dissolve 0.50 g of the substance to be
examined in water R and dilute to 100.0 mL with the same
solvent.
Test solurion (b) To 20.0 mL of test solution (a), add
20 mL of the mobile phase and 0.4 mL of a 100 gIL solution
of phosphori< acidR, then dilute to 50.0 mL with the mobile
phase.
Reference solution (a) Dissolve 40 mg of N-acetyl-e­
caprolactam R (impurity C) in waterR and dilute to
100.0 mL with the samesolvent.
Reference sdution (b) Dilute 5.0 mL of reference solution (a)
to 100.0 mL with walerR.
Reference solution (c) Dissolve 20 mg of zinc acexamate
impurity A CRS in wal<r R and dilute to 50.0 mL with the
same solvent.
Reference solution (d) Dissolve 40 mg of e-caprdactom R
(impurity D) in walerR and dilute to 100.0 mL with the
same solvent. Dilute 5.0 mL of this solution to 100.0 mL
with water R.

Reference solution (e) To 20 mL of test solution (a), add
5 mL of reference solution (b), 5 mL of reference
solution (c), 5 mL of reference solution (d) -and 0.4 mL of a
100 gIL solution of phosphoric acidR, then dilute to 50 mL
with the mobilephase.
Reference solution (f) To 5.0 mL of reference solution (c),
add 5.0 mL of reference solution (b), 5.0 mLof reference
solution (d) and 0.4 mL of a 100 gIL solution ofphosphoric
acidR, then dilute to 50.0 mL with the mobile phase.

Column:
- size: / ;;;;: 0.25 m, 0 = 4.0 mm;

Zinc Acexamate 11-1333

- stationary phase: end-capped octackcylsuyl silica gelfor
chromawgraphy R (5 um),

Mobile phase Mix 0.2 volumes of phosphori< acidR,
8 volumes of acetonitrile RJ and 92 volumes of waterfar
chromatography R, then adjust to pH 4.5 with dl1ul<
ammonia RI.

Flow ral< 1.2 mUmin.
Detection Spectrophotometer at 210 om.

Injection 20 J.lL of test solution (b) and reference
solutions (b), (e) and (I).

Run time 8 times the retention timeof zinc acexamate.
Elution order Zinc acexamate, impurity D, impurity A,
imputity C.
System suitability Reference solution (e):
- resolution: minimum 3.0 between the peaks due to zinc. .. .

phase to pH 4.7 with dl1Ule ammonia Rl.
Limits:
- impun"ty A: not morethanthe area of the corresponding

.peak in the chromatogram obtained withreference
solution (I) (2 per cent);

- impurities C, D: for eachimpurity, not moreman
1.5 times the area of the corresponding peak. in the
chromatogram obtained withreference solution (f)
(0.15 per cent);

- unspecified impurities: for eachimpurity, not more than
0.5 times the area of the peak due to impurity C in the
chromatogram obtained with reference solution (f)
(0.05 per cent);

- sumof impurities other thanA: not more than 5 times the
area of the peak due to impurity C in the chromatogram
obtained with reference solution (f) (0.5 per cent);

- disregard limit: 0.5 times the area of the peakdue to
impurity C in the chromatogram obtained with reference
solution (I) (0.05 per cent).

Iron
Maximum 50 ppm.

Atomic absorption spectrometry (2.2.21, MethodI).
Test solution Dissolve 1.25 gin 20 mL of a 200 gIL solution
of cadmium- and lead-free nitric acidR and dilute to 25.0 mL
with the same acidsolution.
Reference solutions Prepare the reference solutions using iron
standard solution (20 ppm Fe) R, diluting with a 200 gIL
solution of cadmium- and lead-free niuic add R.
Source Iron hollow-cathode lamp.

Wavelength 248.3 om.

Asomisouon device Air-acetylene flame.

Loss on drying (2.2.32)
Maximum 1.0 per cent, determined on 1.000 g by drying in
an oven at 10s,;°C.

ASSAY
Dissolve 0.400 g in 10 mL of dl1ul< acetic acid R. Carry out
the complexometric titration of zinc (2.5.11).
1 mL of 0.1 M sodium edeuue is equivalent to 40.98 mg
of CI6H,.N20.zn.

STORAGE
In a non-metallic container.

IMPURITIES
Specified impurities A, B, C, D.
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o
)l~~~CO,H.

H,C ~ II
o

A. 6-(6-acetamidohexanamido)hexanoic acid,

B. 6-aminohexanoic acid (6-aminocaproic acid),

C. l-acetylazepan-2-one (N-acetyl-E-caprolaetam)J

within 10 min. Any cloudiness disappears on the addition of
0.2 mL of dilute hydrochloric acidR.

Sulfate. (2.4.13)
Maximum 200 ppm.

Dilute 5 mL of solution S to 15 mL with distilled water R.
Prepare the standard usinga mixture of 5 mL of sulfate
standard solution (10 ppm SO'; Rand 10 mL of distilled
water R.

Aluminium, calcium, iron, magnesium
To 8 mL of solution S add 2 mL of concentrated ammonia R
and shake. The solution is clear (2.2.1) and colourless (2.2.2,
Method II). Add I mL of disodium hydrogen phosphate
solution R. The solution remains clearfor at least 5 min.
Add 0.2 rnL of sodium sulfide solution R. A whiteprecipitate is
formed and the supernatant remains colourless.

____________________ P1>Em

D. azepan-2-one (e-caprclactam).

Zinc Gluconate

Maximum 400 ppm.

Dilute 0.5 mL of solution S to 15 mL withwaterR.

ASSAY
Dissolve 0.250 g in 5 mL of dilu., acetic acidR. Cany out the
complexometric titration of zinc (2.5.11).
1 rnL of 0.1 kI sodium edeuue is equivalent to 13.63 mg
ofZnCI,.

STORAGE
In a non-metallic container.
___________________ P1>Em

**** ** *
*****

7646-85-7

(Ph. Bur. mouograph 0110)

ZnCl, '136.3
P1>Eu _

Zinc Chloride

oH6

DEFINITION
Content
95.0 per cent to 100.5 per cent.

CHARACTERS
Appearance
Whiteor almost white, crystalline powderor cast in white or
almostwhite sticks,deliquescent.

Solubility
Very soluble in water, freely soluble in ethanol (96 per cent)
and in glycerol.

IDENTIFICATION
A. Dissolve 0.5 g in dilute nitric add R and dilute to 10 mL
with the same acid. The solution gives reaction (a) of
chlorides (2.3.1).

B. 5 rnL of solution S (see Tests) gives the reaction of zinc
(2.3.1).

TESTS
Solution S
To 2.0 g add 38 mL of carbon dioxiik-free waterR prepared
from distilled waterR and add dilule hydrochloric acidR
dropwise until dissolution is complete. Dilute to 40 rnL with
carbon dioxiik-free waterR prepared from distilled waterR.

pH (2.2.1)
4.6 to 5.5.

Dissolve 1.0 g in 9 rnL of carbon dioxide-free waterR, ignoring
any slight turbidity.

Oxychloride.
Dissolve 10.0 g in 10 mL of carbon dioxide-free waterR.
The solution is not more opalescent than reference
snspension II (2.2.1). To 1.5 mL of the solution add 7.5 mL
of ethanol (96 perum) R. The solution may become cloudy

(ph. Bur. mouograph 2164)

[

HO H co.,-]H ..
, --OH

Zn'· HOYXH

HO ,

C12H"ZnO,.,xH,O 455.7
(anhydrous substance)

P1>Em _

DEFINITION
Anhydrous or hydrated zinc o-g1uconate.

Content
98.0 per cent (0 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almostwhite, hygroscopic, crystalline powder.

Solubility
Soluble in water, practically insoluble in anhydrous ethanol
and in methylene chloride.

IDENfIFlCATlON
A. Thin-layer chromatography (2.2.27).

Test solution Dissolve 20 mg of the substance (0 be
examined in 1 mLof waterR.
Reference solutiou Dissolve 20 mg of calcium glucouale CRS
in 1 rnL of waterR, heatingif necessary in a water-bath at
60°C.

Plate TLC silica gelplate R (5-40 um) [or TLC silica gel
plate R (2-10 pm)].
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_____________________ PhE"

1 mL of O. J J\.'r sodium edeuue is equivalent to 45.57 mg
of C I2H22Zn0]4.

STORAGE
In a non-metallic, airtight container.

Mobile phase concentrated ammonia R, ethylacetate R,
waterR, ethanol (96 perC<1llj R (10:10:30:50 VIVIVIV).

Application I ~L.

Development Over 3/4 of the plate.

Drying At 100-105 °C for 20 min, then allow to cool [Q

room temperature.

Detection Spray with a solution containing 25 gIL of
ammoniummolybdate Rand 10 gIL of cerium sulfate R in dIlute
sulfuric acidR, and heat at 100-105 °C for about 10 min.

Results The principal spot in the chromatogram obtained
with the test solution is similar in position, colour and size to
the principal spot in the chromatogram obtained with the
reference solution.

B. Dissolve 0.1 gin 5 mL of waterR. Add 0.5 mL of
potassium fenocyanide solution R. A white precipitate is formed
that does not dissolve u on the addition of 5 mL of

Zinc Oxide
(Ph. Eur. monograph 0252)

ZnO 81.4

Action and use
Mild astringent.

13/4-/3-2

hydrochloric acidR.

TESTS
Solution S
Dissolve 1.0 g in waterR and dilute to 50 mL with the same
solvent.

Appearance of solution
Solution S is not more opalescent than reference
suspension II (2.2.1) and not more intensely coloured than
reference solution Y6 (2.2.2) Method II).

Sucrose and reducing sugars
Dissolve 0.5 g in a mixture of 2 mL of hydrochloric acidR1
and 10 mL of water R. Boil for 5 min, allow to cool, add
10 mL of sodium carbonate solution Rand allow [0 stand for
10 min. Dilute to 25 mL with waterR and Iilter. To 5 mL of
the Iiltrate add 2 mL of cupsi-eonoric solution R and boil for
1 min. Allow to stand for 2 min. No red precipitate is
formed.

Chlorides (2.4.4)
Maximum 500 ppm.

Dilute 5 mL of solution S to 15 mL with waterR.

Sulfates (2.4.13)
Maximum 500 ppm.

Dissolve 2.0 g in a mixture of 10 mL of acetic acid Rand
90 mL of diSlllled waterR.

Cadmium
Maximum 2 ppm.

Atomic absorption spectrometry (2.2.23, Metlwd If).

Test solution Dissolve 5.00 g in 20 mL of deionised distilled
waterR with the aid of ultrasound and dilute to 25.0 mL
with the same solvent.

Reference solutions Prepare the reference solutions using
cadmiumstandard solution (0./ per centCd) R, diluting with
deionised dislilled waterR.
Source Cadmium hollow-cathode lamp.

Wavelength 228.8 om.

Atomisation device Air-acetylene flame.

Water (2.5.32)
Maximum 12.0 per cent, determined on 80.0 mg.

Microbial contamination
TAMC: acceptance criterion 10' CFU/g (2.6./2).

TYMC: acceptance criterion 10' CFU/g (2.6./2).

ASSAY
Dissolve 0.400 g in 5 mL of dilute auric acidR. Carry out the
complexometric titration of zinc (2.5.11).

Zinc Cream

Coal Tar and Zinc Ointment

Zinc Ointment

Zinc and Castor Oil Oinunent

Compound Zinc Paste

Zinc and Salicylic Acid Paste

Zinc and Coal Tar Paste

Pl>E" ~ _

DEFINITION
Content
99.0 per cent to 100.5 per cent (ignited substance).

CHARACTERS
Appearance
Soft, white or faintly yellowish-white, amorphous powder,
free from gritry particles.

Solubility
Practically insoluble in water and in ethanol (96 per cent).
It dissolves in dilute mineral acids.

IDENTIFICATION
A. It becomes yellow when strongly heated, the yellow colour
disappears on cooling.

B. Dissolve 0.1 gin 1.5 mL of dilute hydrochloric acidRand
dilute to 5 mL with water R. The solution gives the reaction
of zinc (2.3.1).

TESTS
Alkalinity
Shake 1.0 g with 10 mL of boiling water R. Add 0.1 mL of
phenolphthalein solution R and filter. If the filtrate is red) not
more than 03 mL of 0.1 lvr hydrochlo1U acidis required to
change the colour of the indicator.

Carbonates and substances insoluble in acids
Dissolve 1.0 ~ in 15 mL of dilute hydrochloric acid R.
It dissolves without effervescence and the solution is not
more opalescent than reference suspension n (2.2.1) and is
colourless (2.2.2, Method If).

Arsenic (2.4.2, MethodA)
Maximum 5 ppm, determined on 0.2 g.

Cadmium
Maximum 10 ppm.

Atomic absorption spectrometry (2.2.23, Metlwd If).

Test solution Dissolve 2.0 g in 14 mL of a mixture of
equal volumes of water R and cadmium- and lead-free nimc
acid R, boil for 1 min) cool and dilute to 100.0 mL with
waterR.
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11-1336 Zinc Stearate

Reference solutions Prepare the reference solutions using
cadmium standardsolution (0.1 per cent Cd) R and diluting
with a 3.5 per cent VIV solution of cadmium- and lead-free
niuicacid R.

Source Cadmium hollow-eathode lamp.

Wavelength 228.8 run.

Awmisation deuice Air-acetylene or air-propane flame.

Iron (2.4.9)
Maximum 200 ppm.

Dissolve 50 mg in I mL of dilute hydrochkmc acidRand
dilute [Q 10 mL with water R. Use in this test 0.5 mL of
thioglycolli< acidR.

Lead
Maximum 50 ppm.

Atomic absorption spectrometry (2.2.23, Method II).

Testsolution Dissolve 5.0 g in 24 mL of a mixture of
equal volumes of waterRand cadmium- and lead-free ninic
add R, boil for I min) cool and dilute to 100.0 mL with
water R.
Reference solutions Prepare the reference solutions usinglead
standard solution (0.1 per cent Ph) R and diluting with a
3.5 per cent VIVsolution of cadmium- and lead-free n;"i,
acid R.

Source Leadhollow-cathode lamp.
Wavelength 283.3 run; 217.0 nm may be used depending
on the apparatus.
Awmisation device Air-acetylene flame.

Loss on ignition
Maximum 1.0 per cent, determined on 1.00 g by ignition to
constant mass at 500 ± 50°C.

ASSAY
Dissolve 0.150 g in 10 mL of dilute acetic acidR. Cony out
the ccmplexomerric titration of zinc (2.5.11).

I mL of 0.1 M sodium edetau is equivalent to 8.14 mg of
ZnO.
_____________________ PhE"

Zinc Stearate
(ph. Eur. monograph 0306)

557-05-1

Action and use
Excipient.

PhE" _

DEFINITION
Zinc stearate [(C17H"COO)zZn; M, 632) may contain
varying proportions of zinc palmitate [(C15H,jCOOhZn;

M, 576.2] and zinc oleate [(C 17H"COOhZn; M, 628].

Content
10.0 per cent to 12.0 per cent of Zn.

CHARACTERS
Appearance
Light, whiteor almostwhite, amorphous powder, free from
gritty particles.

Solubillty
Practically insoluble in waterand in anhydrous ethanol.

2022

IDENTIFICATION
A. Freezing point (2.2.1K): minimum 53 °C, determined on
the residue obtained in the preparation of solution S
(see Tests).
B. Neutralise 5 mL of solution S to redlitmus paperR with
strong sodium hydroxide solution R. The solution gives the
reaction of zinc (2.3.1).

TESTS
Solution S
To 5.0 g add 50 mL of ether Rand 40 mL of a
7.5 per cent VIV solution of niuicaddR in distilled water R.
Heat undera reflux condenser untildissolution is complete.
Allow to cool. In a separating funnel, separate the aqueous
layer and shake the ether layer with 2 quantities, each of
4 mI..., of diuilled waterR. Combine the aqueous layers, wash
with 15 mL of etherR and heaton a water-bath until etheris
comp ete y e ate. ow to coo an u e 0

with distilled water R (solution S). Evaporate the etherlayer to
dryness and dry the residue at 105 °C.

Appearance of solution
SolutionS is not more intensely coloured thanreference
solution Y. (2.2.2, MethodIf).

Appearance of solution of fatty acids
Dissolve 0.5 g of the residue obtained in the preparation of
solutionS in 10 mL of chloroform R. The solutionis clear
(2.2.1) and not more intensely coloured than reference
solution Y, (2.2.2, MethodIf).

Acidity or alkallnlty
Shake 1.0 g with 5 mL of ethanol (96 peremu R and add
20 mL of carban dioxide-free water Rand 0.1 mL of phenol red
solution R. Not more than 0.3 mL of 0.1 M hydrochloric acid
or 0.1 mL of 0.1 M sodium hydroxide is required to change
the colourof the indicator.

Acid value of the fatty acids (2.5.1)
195 to 210.

Dissolve 0.20 g of the residue obtained; in the preparation of
solutionS in 25 mLof theprescribed mixture of solvents.

Chlorides (2.4.4)
Maximum 250 ppm.

Dilute 2 mLof solution S to 15 mL withwater R.

Sulfates (2.4.13)
Maximum 0.6 per cent.
Dilute I mL of solution S to 50 mL with distilled waterR.
Dilute 12.5 mL of this solution to 15 mL with distilled
water R.

ASSAY
To 1.000 g add 50 mL of dilute acetic acidR and boil for at
least 10 min or until the layer of fany acids is clear, adding
more water R as necessary to maintain the original volume.
Cool and filter. Wash the filter and the flask with waterR
until the washlngs areno longeracidto blue litmus paper R.
Combine the filtrate andwashings. Carry out the
complexometric titration of zinc (2.5.11).

I mL of 0.1 M sodium edetate is equivalent to 6.54 mg of Zn.
_____________________ PhE"
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Zinc Sulfate Heptahydrate
(Ph. Eur. monograph 0111)

ZnSO..,7H,O 287.5

**** ** ** ****
7446-21}-0

Zinc Sulfate Hexahydrate
(Ph. Eur. monograph 1683)

ZnSO..,6H,O 269.5 13986-24-8

Action and use
Astringent.

Preparations
Zinc Sulfate Eye Drops

Zinc SulfateInjection
Zinc Sulfate Lotion

PhE" _

DEFINITION
Content

CHARACTERS
Appearance
White or almostwhite, crystalline powder or colourless,
transparent crystals, efflorescent.

Solubility
Verysolublein water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) gives the reactions of sulfates
(2.3.1).

B. Solution S gives the reaction of zinc (2.3.1).

C. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free waterR and dilute to
50 rnLwith the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.3)
4.4 to 5.6 for solution S.

Chlorides (2.4.4)
Maximum 300 ppm.

Dilute 3.3 mL of solution S to 15 mLwith water R.
Iron (2.4.9)
Maximum 100 ppm.

Dilute 2 mL of solution S to 10 mL withwater R. Use in this
test 0.5 mL of thiog/ycoUi< add R.

ASSAY
Dissolve 0.200 g in 5 mL of dante acetic acidR. Carry out the
complexometric titration of zinc (2.5.11).

I mL of 0.1 M sodium edetate is equivalent to 28.75 mg of
ZnSO.,7H,O.

STORAGE
In a non-metallic, airtight container.
_________~ ~ PhE",

Action and use
Astringent.

1M" _

DEFINITION
Content
99.0 per cent to 104.0 per cent.

CHARACTERS
Appearance
Whiteor almostwhite, crystalline powderor colourless
trans arentc stals efflorescent.

Solubillty
Very solublein water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. SolutionS (see Tests) gives the reactions of sulfates
(2.3.1).

B. Solution S gives the reaction of zinc (2.3.1).

C. It complies with the limits of the assay.

TESTS
Solution S
Dissolve2.5 g in carbon dioxide-free water Rand dilute to
50 mL with the samesolvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.3)
4.4 to 5.6 for solution S.

Chlorides (2.4.4)
Maximum 300 ppm.

Dilute 3.3 mL of solution S to 15 mL with waterR.

Iron (2.4.9)
Maximum 100 ppm.

Dilute 2 mL of solution S to 10 mL with waterR. Use in this
test 0.5 mL of thioglyroUic acid R.

ASSAY
Dissolve 0.200 g in 5 mL of dilute acetic acidR. Carry out the
ccmplexomerric titration of zinc (2.5.11).

1 mL of 0.1 M sodium edeuue is equivalent to 26.95 mg of
ZnSO.,6H,O.

STORAGE
In a non-metallic, airtight container.
____________________ PhE"
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PhE" _

DEFINITION
Content
99.0 per cent to 101.0 per cent.

557-08-4

*••
* ** ** •
***

431.9

Zinc Undecenoate
(Zinc Undercylenate, Ph. Eur. monograph 0539)

Action aod use
Used topically in treatment of fungal infections.

PhE" _

DEFINITION
Zinc di(undec-IO-enoate).

•••* •* •• •**.(Ph. Enr. monograph 2159)

ZnSO,.H,O 179.5

Zinc Sulfate Monohydrate

Action and use
Astringent.

Preparations
Zinc Sulfate Capsules
Zinc Sulfate Tablets

CHARACTERS
Appearance
White or almostwhite, crystalline powder, or colourless,
transparent crystals.

Solubility
Very soluble in water, practically insoluble in ethanol
(96 per cent).

IDENTIFICATION
A. Solution S (see Tests) gives the reactions of sulfates
(2.3.1).
B. Solution S gives the reaction of zinc (2.3.1).

c. It complies with the limits of the assay.

TESTS
Solution S
Dissolve 2.5 g in carbon dioxide-free water R and dilute to
50 mL with the same solvent.

Appearance of solution
Solution S is clear (2.2.1) and colourless (2.2.2, Method II).

pH (2.2.3)
4.0 to 5.6 for solution S.

Chlorides (2.4.4)
Maximum 300 ppm.
Dilute 3.3 mL of solution S to 15 mL with waterR.

Iron (2.4.9)
Maximum 100 ppm.
Dilute 2 m.L of solution S to 10 mL with waterR.
Use 0.5 mL of thioglycol& acidR in this test.

ASSAY
Dissolve0.160 g in 5 mL of dilute acetic add R. Carry out the
complexometric titration of zinc (2.5.11).

1 mL of O.11H sodium edeuue is equivalent to 17.95 mg
of ZnSO,.H20 .

STORAGE
In a Don-metallic container.
___________________ PhE"

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
While or almostwhite, fine powder.

Solubility
Practically insoluble in water and in ethanol (96 percent).

mp
116°C to 121°C, it may leave a slight solid residue.

IDENTIFICATION
A. To 2.5 g add 10 mLofwal<rR and 10 mLofdilul<
sulfuric acidR. Shake with 2 quantities, each of 10 mL, of
ether R. Reserve the aqueous layer for identification test C.
Wash the combined etherlayers with water R and evaporate
to dryness. To the residue add 2 mL of freshly distilled
aniline R and boil under a reflux condenser for 10 min. Allow
to cool and add 30 mL of ether R. Shake with3 quantities,
each of 20 mL, of dinue hydrachlori< acid R and then with
20 mL of water R. Evaporate the organic layer to dryness on
a water-bath. The residue, after recrysrallisation twicefrom
ethanol (70 per cent VIJI) R and drying in vacuo for 3 h. melts
(2.2.14) at 66 "C to 68 "C.
B. Dissolve 0.1 g in a mixture of 2 mL of d,7uu sulfuric acidR
and 5 mL of glacial acetic acidR. Add dropwise 0.25 mL of
potassium permanganate solution R. The colourof the
potassium permanganate solution is discharged.
C. A mixture of 1 mL of the aqueous layer obtained in
identification test A and 4 mL of waterR gives the reaction
of zinc (2.3.1).

TESTS
Alkalinity
Mix 1.0 g with 5 mL of ,thanol (96 percent) R and 0.5 mL
of phenol red solution R. Add 50 mL of corbon dioxide-free
water R and examine immediately. No reddish colour
appears.

Alkali and alkaline-earth metals
Maximum 2.0 per cent.
To 1.0 g add 25 mL of water R and 5 mL of hydrochloric
acidR and heat to boiling. Filter whilst hot. Wash the lilter
and the residuewith 25 mL of hot waterR. Combine the
filtrate and washings and add concentrated ammonia R until
alkaline. Add 7.5 mL of thioacetamide solution R and heat on
a water-bath for 30 min. Filterand wash the precipitate with
2 quantities, each of 10 mL, of water R. Combine the filtrate
and washings, evaporate to dryness on a water-bath and
ignite. The residue weighs a maximum of 20 mg.
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Sulfates (2.4.13)
Maximwn 500 ppm.

To 0.1 g add a mixture of 2 mL of dilute hydrochloric acidR
and 10 mL of disrilled water R and heat to boiling, Cool, filter
and dilute to 15 mL with distilled waterR. Prepare the
standard using 5 mL of sulfate standardsolution (10 ppm
SO..; Rand 10 mL of distilled waterR.

Loss on drying (2.2.32)
Maximum 1.5 per cent, determined on 0.500 g bydrying in
an oven at 105 "C.

Degree of unsaturation
Dissolve 0.100 g in a mixture of 5 mL of dilute hydrochloric
acidRand 30 mL of glacial acetic acidR. Using 0.05 mL
indigo carmine solution ~1, added towards the end of the
titration as indicator. Titrate with 0.0167 M bromide-bromate
until the colour changes from blue [0 yellow. 9.1 mL to

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison ziprasidone hydrochloniie monohydrare CRS.
If the spectra obtained in the solid stateshowdifferences,
dissolve the substance to be examined and the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.
B. Suspend 30 mg in 2 mL of water R, acidify with 0.15 mL
of dilute nitric add R and filter. The clear filtrate gives
reaction (a) of chlorides (2.3.1).

TESTS
Related substances
Liquid chromatography (2.2.29). Carry out the rest protected
/rom lighr and prepare the solutions immediarely before use.
Solvent mixture A waterR) methanol R (40:60 VIV).

____________________ PhE"

. mo. rom e- romate IS reqwre. aery out a
blank titration. (0.04:20:80 VlVljI).

Testsolution (a) Dissolve 23 mg of the substance to be
examined in solvent mixture A and dilute to 100.0 mL with
solvent mixture A.
Test solution (b) Dissolve 23 mg of thesubstance to be
examined in solvent mixture B and dilute to 50.0 mL with
solvent mixture B.
Reference solution (a) Dissolve 2.5 mg ofz;prasidomfor
system suitability 1 CRS (containing impurities A, B and C) in
solvent mixture A and dilute to 10.0 mL with solvent
mixture A.
Reference solution (b) Dilute 1.0 mL of test solution (b) to
100.0 mL with solvent mixture B. Dilute 1.0 mL of this
solution to 10.0 mL with solvent mixture B.
Reference solution (c) Dissolve the contents of a vial of
z;prasidone for system suiUJbiJity 2 CRS (containing impurities
D and E) in 1.0 mL of solvent mixture B.

A. Column:
- size: 1= 0.15 m, 0 ;:: 4.6 mm;
- stationary phase: spherical octylsilyl silica gelfor

chromawgraphy R (5 ~m);

- remperature: 40 "C.

Mobile phase:
- mobIle phase A: mix 40 volumes of methanol Rand

60 volwnes of a 6.8 gIL solution of potassium
dihydrogen phosphate R previously adjusted to pH 2.5
with phosphoric acidR;

- mobile phase B: methanol R;138982-67-9

. Hel . HzO

467.4

ASSAY
To 0.350 g add 25 mL of dilute acetic aridR and heat to
boiling. Carry out the complexometric tirration of zinc
(2.5.11).

l mL of 0.1 1\-1 sodium edeuue is equivalent to 43.19 mg
of C22H3804Zn.

STORAGE
Protected from light.

Ziprasidone Hydrochloride
Monohydrate
(ph. Bur. monograph 2421)

Action and use
Dopamine D2 receptor antagonist; serotonin SHf2 receptor
antagonist; neuroleptic.

PhE" _

DEFINITION
5-[2-[4-( I,2-Benzisothiazol-3-yl)piperazin-I-yl)ethyl)-6­
cWoro-l,3-dihydro-2H-indol-2-one hydrochloride
monohydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or slightly pink powder.

Solubility
Practically insoluble in water) slightly soluble in methanol
and in methylene chloride.

It shows polymorphism (5.9).

Thne Mobile phase A MobUe phase B
(min) (per cent V/l? (per cent VI11
0-20 100 0
20 - 21 100 --> 0 0--> 100

21·24 0 100

Flow rare 1.5 mIJmin.

Detection Spectrophotometer at 229 run.
Injection 20 tILof test solutions (a) and (b) and reference
solutions (a) and (b).

Identification of impun'ties Use the chromatogram supplied
with ziprasidone for sysrem suitability 1 CRS and the
chromatogram obtained with reference solution (a) to
identify the peaks due to impurities A) Band C.

Re/auveretention With reference to ziprasidone (retention
time ;:: about 7 min): impurity A =about 0.4;
impurity B = about 0.8; impurity C = about 0.9.
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System suitability Reference solution (a):
- ptak-w--valley ralia: minimum 1.2, where HI' = height

above the baseline of the peakdue to impurity C and
Hu = height above the baselineof the lowest point of
the curve separating this peak from the peakdue to
impurity B.

Limits:
- correction faaor: for the calculation of content, multiply

the peak area of impurity A by 0.7;
- impurity B in ust solutUm (b): not more than twice the

area of the principal peak in the chromatogram
obtained withreference solution (b) (0.2 per cent);

- impurity A in test solution (b): not more than 1.5 times
the area of theprincipal peak in the chromatogram
obtained with reference solution (b) (0.15 per cent);

- impun"ty C in test solution (a): not more than
es e area .

chromatogram obtained with reference solution (b)
(0.15 per cent);

- unspecified impmities in test solution (b): for each
impurity, not more thanthe area of the principal peak
in the chromatogram obtainedwith reference
solution (b) (0.10 per cent);

- disregard limit in leSt soluu'on (b): 0.5 times the area of
the principal peak in the chromatogram obtained with
reference solution (b) (0.05 per cent); disregard the
peak due to impurity C and any peakwith a retention
time greater than20 min.

B. Column:
- size: 1= 0.15 m, 0 = 4.6 nun;
- stationary phase: spherical octylsilyl silica gelfor

chromawgraphy R (5 ~m);

- temperature: 35°C.
Mobile phase Mix 5 volumes of methanol R, 40 volumes of a
6.8 gIL solution of potassium dihydrogen phosphate R adjusted
to pH 6.0 with a 280 gIL solution of potassium hydroxide R,
and 55 volumes of a",,,,,,irrile RI.
FkJw rate 1.0 ml/min.

Detection Spectrophotometer at 229 nm.
Injun'on 20 ~L of test solution (b) and reference
solutions (b) and (c).

Run time 11 times the retention time of ziprasidone.
Identification of impurities Use the chromatogram supplied
with ziprasidone for syStem suirabilily 2 CRS and the
chromatogram obtained with reference solution (c) to identify
the peaksdue to impurities D and E.
Relative retention With reference to ziprasidone (retention
time = about 4.5 min): impurity D = about 2.0;
impurity E = about 3.0.

System suitabiljl)J Reference solution (c):
- resolution: minimum 6.0 between the peaksdue to

ziprasidone and impurity D.
Limits:

- correction f~tors: Cor the calculation of content,
multiply the peak areas of the following impurities by
the corresponding correction factor: impurity D = 1.4;
impurity E =0.5;

- impun'ties D, E: for each impurity, not more than
1.5 times the area of the principal peakin the
chromatogram obtained with reference solution (b)
(0.15 per cent);

- unspecified impuniies: for each impurity, not morethan
the area of the principal peak in the chromatogram
obtainedwithreference solution (b) (0.10 per cent);

2022

- disregard limir. 0.5 times the area of the principal peak
in the chromatogram obtained with reference
solution (b) (0.05 per cent); disregard any peak
eluting before the peakdue to ziprasidone.

Limit:
- uxalfor tesU A and B: maximwn 0.5 per cent.

Water (2.5.12)
3.7 per cent to 5.0 per cent, determined on 0.250 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29). Cony ou, the rest protected
from light and prepare thesolutions immediately before use.
Solventmixture walerR, methanol R (40:60 VIII).

Test solution Dissolve 23.0 mg of the substance to be
examme .meso vent mixture an u
me solventmixture.
Reference solution Dissolve 23.0 mg of ziprasidone
hydrochloride monohydrate CRS in the solvent mixture and
dilute to 100.0 mLwith the solventmixture.
Column:
- size: 1= 0.15 m, 0 = 4.6 nun;
- stationary phase: spherical octylsilyl silica gelfor

chromawgraphy R (5 ~m);

- eemperature: 40°C.
Mobile phase Mix 40 volumes of methanol Rand 60 volumes
of a 6.8 gIL solution of potassium dihydrogen phosphate R
adjusted to pH 3.0 with phosphoriJ; acidR.
Flow rate 1.5 ml/min.

Detection Spectrophotometer at 229 nm.
Inje<tion 20~.

Run time Twice the retention time of ziprasidone.

Retention time Ziprasidone = about 7 min.
System suiUlbility Reference solution:
- symmetry faaor: maximum 2.0 for the peakdue to

zlprasidone.

Calculate the percentage content of C21H22ChN40S from
the declared content of ziprasidone hydrochlorUk
monohydrate CRS.

STORAGE
Protected from light.

IMPURITIES
Spedfied impuniies A, B, C, D, E.

A. 3-piperazin-l-yl-I,2-benzisothiazole,

B. 5-[2-[4-( 1,2-benzisothiazol-3-yl)piperazin-l-yl]ethyl]-6­
cWoro-lH-indole-2,3-dione,
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CI

DEFINITION
5-[2-[4-( I, 2-Benzisothiazol-3-yl)piperazin-I-yl]ethylJ-6­
cWoro-l,3-dihydro-2H-indol-2-one methanesulfonate
trihydrate.

Content
98.0 per cent to 102.0 per cent (anhydrous substance).

PRODUCTION
It is considered that alkyl methanesulfonate esters are
genotoxic and arepotential impurities in ziprasidone mesilate
trihydrate. The manufacturing processshould be developed
taking into consideration the principles of quality risk
management, together with considerations of the quality of
starting materials, process capability and validation.
The general methods 2.5.37. Methyl, ethyland isapropyl
methanesulionate in methanesul onk acid 2.5.38. klet I eth
and isopropyl methanesulfonate in active substances and 2.5.39.
Ivlelhanesulfonyl chloride in methonesulfonic add areavailable to
assistmanufacturers.

PhE" _

CHARACTERS
Appearance
Whiteor almostwhite powder.

Solubility
Veryslightly soluble in water, slightlysoluble in methanol,
practically insoluble in acetonitrile.
It shows polymorphism (5.9).

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comporison ziprasidone mesilate trihydrate CRS.
If the spectra obtainedin the solid state show differences,
dissolvethe substance to be examinedand the reference
substance separately in methanol R, evaporate to dryness and
record new spectra using the residues.

TESTS
Related substances
Carry out the tests protected from lightand prepare the solutwns
immediau/ybefore use.
A. Liquid chromatography (2.2.29).

Solvent mixture hydrochloric acid R, waterRJ methanol R
(0.04:40:60 VlVfII).

Testsolution (a) Dissolve 27.0 mg of the substance to be
examined in 35 mL of the solvent mixture, sonicatefor about
2 min and shake. Dilute (0 50.0 mL with the solvent
mixture.
Test solution (b) Dilute 2.0 mL of test solution (a) to
20.0 mL with the solvent mixture.

Reference solution (a) Dissolve 27.0 mg of ziprasidone
hydrochl>Jride monohydrate CRS in 35 mL of the solvent
mixture, sonicate for about 2 min and shake. Dilute to
50.0 mL with "the solvent mixture. Dilute 2.0 mL of the
solution to 20.0 mL with the solvent mixture.
Reference solutwn (b) Dissolve 2.5 mg of ziprasidone for
system suitability 1 CRS (containing impurities B and C) in a
mixture- of 40 volumes of water R and 60 volumes of
methanol R and dilute to 10 mL with the same mixture of
solvents.
Reference solution (c) Dilute 1.0 mL oftest solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Column:

- size: 1= 0.15 m, 0 = 3.9 rnm,

**** •• *• *'.*

199191-69-0563.1

C. 2-[2-amino-5-[2-[4-( l,2-benzisothiazol-3-yl)piperazin-I-yl]
ethyl]-4-chlorophenyl]acetic acid,

CION
N-S

D. 5,5'-bis[2-[4-( I, 2-benzisothiazol-3-yl)piperazin-I-yl]ethyl]­
6,6'-dichloro-3-hydroxy-l, 1/,3,3'-tetrahydro-2H,2'H-3,3'­
biindole-2,2/-dione,

E. 3-(I,2- henzisothiazol-3-yl)-5-[2-[4-( I,2-henzisothiazol-3­
yl)piperazin-I-yl]ethyl]-6-chloro-1,3-dihydro-2H-indol-2­
one.

(Ph. Eur. monograph 2649)

Ziprasidone Mesilate Trihydrate

___________________ 1""«

Action and use
Dopamine D2 receptor antagonist; serotonin 5HT2 receptor
antagonist; neuroleptic.
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- srationary phase: end-capped acwdecylsilyl silica gelfor
chromatagraphy R (5 um);

- temperature: 40°C.
Mabile phase:

- mobile phase A: mix 40 volumes of methanol Rl and
60 volumes of a 6.8 gIL solution of potassium
dihydragen phosphate R previously adjusted to pH 3.0
with phosphoric acid R;

- mobile phase B: methanol Rl;

Time MobUe phase A MobUe phase B
(min) (per cent V/J? (per cent VIJ')

o ~ 40 100 0

40 - 41 100 ---00 o -+ 100

41 - 50 0 100

Detection Spectrophotometer at 229 run.

Injection 20 J1L of test solution (a) and reference
solutions (b) and (c).

Identification of impurities Use the chromatogram supplied
with zipratitlone for system suitability I GRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities Band C.
Relative retention With reference to ziprasidone (retention
time = about 6 min): impurity B = about 0.8;
impurity C = about 0.9.

Systemsuitability Reference solution (b):
- peak-to-'Valley ratio: minimum 1.5) where Hp = height

above the baseline for the peak due to impurity C and
H", =height above the baseline of the lowest point of
the curve separating this peak from the peak due to
impurity B; minimum 2.0, where HI' = height above
the baseline for the peak due to impurity C and
H; = height above the baseline of the lowest point of
the curve separating this peak from the peak due to
ziprasidone.

Calculation of percentage contents:
- for each impurity, use the concentration of ziprasidone

mesilate trihydrate in reference solution (c).

Limits:
- impurity B: maximum 0.15 per cent;
- unspecified impun"ties: for each impurity) maximum

0.10 per cent;
- reporting threshold: 0.05 per cent; disregard any peak

with a retention time greater than 40 min.
B. Liquid chromatography (1.1.19).

Solvent mixture hydrochlork add R) waterR) methanol R
(0.04:20:80 VIVIV).

Test solution Dissolve 27 mg of the substance to be
examined in 35 mL of the solvent mixture, sonicate for about
2 min and shake. Dilute to 50.0 mL with the solvent
mixture.

Reference soluwm (a) Dissolve the contents of a vial of
ziprasidone for system suitability 1 CRS (containing impurities
D and E) in 1 mL of the solvent mixture.

Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.

Column:
- size: / =0.15 m, 0 =3.9 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn),

2022

- temperature: 35°C.
Mobile phase Mix 8 volumes of methanol Rl, 42 volumes of
acetonitrile for chromatography Rand 50 volumes of a solution
prepared as follows: dissolve 3.4 g of potassium dihydroge'i
phosphate Rand 21.6 g of sodium oaanesulfonau R in 900 mL
of walerfor chromatography R, adjust to pH 3.0 with
phosphoric acidR and dilute to 1000 mL with water for
chromatography R.
Flow rat< 1.0 mlJmin.

Deucuon Spectrophotometer at 229 run.

lnjection 20 ~L.

Run time 15 times the retention time of ziprasidone.

Identification of impurities Use the chromatogram obtained
with reference solution (a) to identify the peaks due 10

impurities D and E.

time =about 3 min): impurity E = about 2.6;
impurity D = about 7.8.

Systemsuitability Reference solution (a):
- resoluticn: minimum 5.0 between the peaks due to

impurities E and D.

Calculation of percentage conrents:
- for each impurity) use the concentration of ziprasidone

mesilate trihydrate in reference solution (b).

Limits:
- impun"cy D: maximum 0.15 per cent;
- unspeclfied impurities: for each impurity, maximum

0.10 per cent;
- reporting threshold: 0.05 per cent; disregard any peak

eluting before the peak due to ziprasidone.

lim,i:
- toW for testsA and B: maximum 0.2 per cent.

Water (1.5.IZ)
8.5 per cent to 10.1 per cent, determined on 0.050 g.

Sulfated ash (1.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

Bacterial endotoxin. (1.6.14)
Less than 17.5 ID/mg) if intended for use in the manufacture
of parenteral preparations without a further appropriate
procedure for the removal of bacterial endotoxins.

ASSAY
Liquid chromatography (1.1.19) as described in test A for
related substances with the following modifications.

Injection 20 ~ of test solution (b) and reference
solution (a).

System suuabiJiry Reference solution (a):
- symmetryfactor: maximum 1.7 for the peak due to

ziprasidone.

Calculate the percentage content of C22H2SCIN"O"S2 taking
into account the assigned content of ziprasidone hydrochloride
monohydrate CRS and a conversion factor of 1.133.

STORAGE
Protected from light. ITthe substance is sterile, store in a
sterile, airtight, tamper-evident container.

IMPURITIES
Test A for related substances
A,B)C.

Test B for related substances
D,E.
Specified impurities B, D.

www.webofpharma.com



2022 Zoledronic Acid II-1343

I658()1).06-6

Action and use
Bisphosphonate; treatment of osteolytic lesions,
hypercalcaemia.

(Ph. Eur. monograph 2743)

C,HION,O,P2>H,O 290.1

PhE<r

Zoledronic Acid Monohydrate

DEFINITI N
[1-Hydroxy-2-( IH-imidazol-I-yl)ethane-I, I-diyl)
bis(phosphonic acid) monohydrate.

Content
99.0 percent to 102.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white,crystalline powder.

SolublI1ty
Slightly soluble in water, practically insoluble in anhydrous
ethanol and in heptane.

IDENTIFICATION
A. Infrared absorption spectrophotometry (2.2.24).

Comparison zoledronic acidmonohydrate CRS.
B. Water (see Tests).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
thanreference solution B1 or BY1 (2.2.2J Method If).
Dissolve 0.5 g in a 4 gIL solution of sodium hydroxUk R and
dilute to 50.0 mL with the samesolution.
pH (2.2.3)
1.8 to 2.8.

Dissolve0.150 g in carbon dioxide-free water R and dilute to
50.0 mL with the samesolvent. Sonicate for 10 min, if
necessary.

Related substances
liquid chromatography (2.2.29).

Solution A Dissolve 10.8 g of sodium oaanesulfonat< Rand
37 mg of sodium edetate R in waterfor chromatography R) add
10 mL of per,hkJri, acid R and 2 mL ofphosphoric acidRand
dilute to 1000 mL with waterfor chromatography R.
Test solution Dissolve40.0 mg of the substance to be
examined in the mobile phase; sonicate for 30 min, and
dilute to 20.0 mL with the mobile phase.

Reference solution (a) Dissolve 2 mg of zoledroni, acid
impurity A CRS, 5 mg of zoledroni, acid impuniy B CRS and
2 mg of sodium nitrate R in the mobile phase and dilute to .
50 mL with the mobile phase. To I mL of the solution add
7 mL of the mobile phase and dilute to 20 mL with the test
solution.
Reference solution (b) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

B. 5-[2-[4-( I,2-benzisothiazol-3-yl)piperazin-I-yl)ethyl]-6­
cWoro-lH-indole-2,3-dione,

C. 2- [2-amino-5-[2-[4-( 1,2-benzisothiazol-3-yl)piperazin-I-yl)
ethyl]-4-chlorophenyl)acetic acid,

CI

CI

HNlyp
~N ",!J

\
N- S

A. 3-piperazin-l-yl-1,2-benzisothiazoJe,

o

CI

Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level, be deteaedby oneor other of the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impurities and/or by the general
monograph Substances for pharmaceutical us, (2034). It is
therefore not n«essary to identify these impurities for
demonstration of compliance. Seealso5.10. Control of impumies
insubstances forpharmaceutical use) A, C, E.

D. 5,5'-bis[2- [4-(1,2-benzisothiazol-3-yl)piperazin-I-yl)ethyl]­
6,6'-dicWoro-3-hydroxy-l,I',3,3 f-tettahydro-2H,2'H-3,3/­
biindole-z.z'-dione,

CI Oyp
N-S

E. 3-( 1,2-benzisothiazol-3-yl)-5 -[2-[4-(1,2-benzisothiazol-3­
yt)piperazin-I-yl)ethyl]-6-chloro-1,3-dihydro-2H-indol-2­
one.

____________________ PhE<r
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Column:
- size: I:::: 0.25 m, 0 ::: 4.0 mm;
- stationary phase: anion-exchange resin R (9 pm);
- temperature: 30 "C.

Mobile phase:
- mobr7e phaseA: carbon dioxide-free waterRj
- mobile phaseB: 4.0 g/L solution of sodium hydroxide R in

carbon dioxide-free waterRj

eteeuon on uc IVI e or;
anion suppressor.
Injection 20 ~L.

Identification of impun'ties Use the chromatogram obtained
with reference solution (a) to identify me peaks due to
impurities E and F; use the chromatogram obtained with
reference solution (b) to identify the peakdue to the chloride
ion.
Relative retention With reference to chloride (retention
time = about 5 min): impurity E := about 1.2;
impurity F = about 3.4.

System suitabIlity:
- resolution: minimum 1.5 between the peaks due to the

chloride ion and impurity E in the chromatogram
obtainedwith reference solution (e)i

- signal-co-noise ratio: minimum 10 for the peak due to
impurity F in the chromatogram obtained with reference
solution (d).

Cakulau"on of percentage contents:
- for each impurity) use the concentration of the

corresponding impurity in reference solution (c).

Limits:
- impurities E) F: for each impurity) maximum

0.15 per cent.

Water (2.5.12)
5.0 per cent to 7.5 per cent)determined on 0.100 g.

ASSAY
Dissolve 0.150 g in 50 mL of carbon dioxide-free waterR.
Sonicatefor 10 min) if necessary. Titrate with 0.1 M sodium
hydroxide) determining the end-point potentiometrically
(2.2.2rJ). Read the volume added at the 3'" inIlexion point.

I mL of 0.1 M sodium hydroxide is equivalent to 9.07 mg of
C,HION,07Pa-

IMPURITIES
Specified impuriues- B, E, F.
Otherdetectable impurities (thefollowing substances would, if
present at a sufficient level) be detected by oneorother of the tests
in the monograph. They are limited by thegeneral accepultue
criterion for otherlunspuified impurities andlor by thegeneral
monograph Substances for pharmaceutical use (2034). It is
therefore not necessary to identify these impurities for
demonstration of compliance. See also 5.10. Control of impurities
in substances forpharmaceutical use) A... C) D.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped phenylhexylsilyl silica gd for

chromatography R (5 pm);
- temperature: 20 "C.

Mobile phase acetonitrile RI, solution A (4:96 VIV).

Flow rale 0.6 mIlmin.

Detection Spectrophotometer at 215 nm.

Preconditioning Precondition the instrument and the column
once before each seriesof injections as follows:
- instrument: rinseme instrument without a column with a

25 per cent VIV solution of acetic acid R at 5 mUmin for
about 20 min. Then, rinse withwaterfor chromatography R
at 5 mlJrnin for about 2 h;

- column: rinse me column with the mobilephase at
0.6 mUrnin for about 1 h. Durin me rinsin inject the
test solution 15 times) applying a run time of about3 min
for each injection.

Injection 10 ~L.

Run time 5 times the retention time of zoledronic acid.
Identification of impun'ties Use the chromatogram obtained
with reference solution (a) to identify the peaks due to
impurities A and B and the nitrate ion.
Relative retention Withreference to zoledronic acid
(retention time := about 6 min): nitrate := about0.6;
impurity B =about 0.7; impurity A =about 0.9.

System suitability Reference solution (a):
- resolution: minimum 1.5 betweenthe peaks due to

impurity A and zoledronic acid; minimum 1.5 between
the peaks due to the nitrate ion and impurity B.

Calculation of percentage contents:
- correction factor: multiply the peak area of impurity B by

1.9;
- for each impurity) use the concentration of zoledronic acid

monohydrate in reference solution (b).

Limits:
- impurity B: maximum 0.5 per cent;
- unspecified impurities: for each impurity) maximum

0.10 per cent;
- total: maximum 0.5 per cent;
- reporting threshold: 0.05 per cent)disregard the peak due to

the nitrate ion.

Impurities E and F
Liquid chromatography (2.2.29).
Testsolution Dissolve 50.0 mg of the substance to he
examined in mobilephaseB) sonicate if necessary, and dilute
to 10.0 mL with mobile phase B.
Reference solution (a) Dissolve 95.0 mg of anhydrous sodium
dihydrogen phosphate R and 79.0 mg of phosplwrous acidR
(impurity E) in waterR and dilute 10 100.0 mL with the
same solvent.
Reference solution (b) Dissolve 34.0 mg of sodium chloride R
in waterR and dilute to 100.0 mLwith the same solvent.
Reference solution (c) To 1.0 mL of reference solution (a)
add 0.5 mL of reference solution (b) and dilute to 100.0 mL
with mobile phaseB.
Reference solution (d) Dilute 0.1 mL of reference solution (a)
to 100 mL with mobile phase B.

Precobmm:
- size: I = 0.05 m, 0 = 4.0 mrn;
- stationary phase: anion-exchange resin R (13 urn).

Tim.
(min)

0- 13

13-11
17 - 29

Flowrate 1.0 mllmin.

Mobile phase A
(per cent VI11

80 70

70 60

60

MobUe phase B
(per cent VIP)

20 30

30 40

40
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A. [1-(Z-hydroxy-Z,Z-diphosphonoethyl)-IH-imidazol-3-ium­
3-yl]acetate,

HO, ",,0 0" "OH
HO-P'" 1=\ "P-OH

HO ~HI \H~ OH\ N N I
HO-P +V P-OH

II II
o 0

B. I ,3-bis(Z-hydroxy-Z,Z-diphosphonoethyIJ-IH-imidazol-3­
ium,

Solubility
Slightiy soluble or very slightly soluble in water, freely soluble
in methanol, sparingly soluble in acetone.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.21).

Comparison zolmitripum CRS.

TESTS
Eoandomeric purity
Liquid chromatography (2.2.29J.

Testsolution Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 25.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobile phase.

C. IH-imidazole,

It erence solution (b) Dissolve 5 mg of zolmitripran
impun'ty A CRS in the mobile phase and dilute to 5.0 mL
with the mobile phase. To 1.0 mL of the solution add
1.0 mL of the test solution and dilute to 10.0 mL with the
mobile phase. Dilute 1.0 mL of this solution to 50.0 mL
with the mobile phase.

Cdumn:
- size: 1= 0.25 m, 0 = 4.6 nun;
- stationary phase: amylose den'vative of silica gelfor chiml

separation R (5 urn);
- temperature: 35 "C.

Mobl7e phase diethylamine R, 2-propanol R, methanol R,
heptane R (0.1:10:15:75 VIVIVIV).
FlawTale 1.0 mUmin.

Deuction Spectrophotometer at 285 nm.
Injection I0 ~L.

Run time Twice the retention time of zolmitriptan.

Relative retention With reference (Q zolmitriptan (retention
time =about 7 min): impurity A =0.7.

Systemsuitability Reference solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and zolmitriptan.

Calculation of percentage content:
- for impurity A, use the concentration of zolmitriptan in

reference solution (a).

Limit:
- impun"ty A: maximum 0.10 per cent.

Related substances
Liquid chromatography (2.2.29).

Solvent mixture Mobile phase B, mobile phase A
(10:90 VIV).

Test solution (a) Dissolve 10.0 mg of the substance to he
examined in the solvent mixrure and dilute to 10.0 mL with
the solvent mixture.
res! ,oIution (0) Dilute 1.0 mL of test solution (a) to
5.0 mL with the solvent mixture.

Reference sohuion (a) Dilute 1.0 mL oftest solution (a) to
100.0 mL with the solvent mixture. Dilute 1.0 mL of this
solution to 10.0 mL with the solvent mixture.
Reference solution (b) Dissolve 5 mg of zolmitriptan for system
suitabl7ity CRS (containing impurities C, H and I) in the
solvent mixture and dilute to 5.0 mL with the solvent
mixture.

Reference solution (e) Dissolve 10.0 mg of zolmioiptan CRS
in the solvent mixture and dilute to 10.0 mL with the solvent

/39264-/7-8287.4

o

o~ANH,p'1~
i "" j

H

N-CH3

HJC

Action and use
Serotonin SHTl receptor agonist, treatment of migraine.

(ph. Bur. monograph 2737)

Zolmitriptan

E. phosphonic acid (phosphorous acid),

D. (lH-imidazol-l-yIJacetic acid,

-------- ""Ell

F. phosphoric acid.

o
"HO-P-OH
I
OH

o
"HO"'~"OH

""Ell -'-- _

DEFINITION
(4S) -4-[[3-[Z-(DimethylaminoJethyl]-IH-indol-5-yl]me thyl]­
I,3-oxazolidin-z-one.

Content
97.5 per cent to 102.0 pet cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white powder.

www.webofpharma.com



11-1346 Zolmitriptan

mixture. Dilute 1.0 rnL of the solution to 5.0 mL with the
solvent mixture.
Column:
- size: 1::::;; 0.10 m, Q) ::::;; 3.0 rnrn;
- stationary phase: end-capped solid core phenylhexylsilyl silica

gelfor chromatography R (2.7 urn);
- temperamre: 20 "C.
Mobile phaseA Dissolve 2.72 g of potassium dihydrogen
phosphate Rand 0.94 g of sodium hexanesulfonate R in water
for chromatography R, adjust to pH 2.0 with phosphoric acid R
and dilute to 1000 mL with waterfor chromatography R;
Mob,le phase B acetonitrile Rl;

Time MobUe phase A MobUe phase B
(min) (per cent VII') (per cent V/V)

00 10

0.5 . <1 90 ..... 85 10 ..... 15

4-8 8' is
8-0 85 ---080 15 ..... 20

9· 10 80 20
10 - 12 80 ..... 70 20 ..... 30

12· 13 70 30

Fhno rate 0.8 mllmin.

Detection Spectrophotometer at 210 om.

Injection 2 ~L of test solution (a) and reference solutions (a)
and (b).

lden.fica.on of .inpuniies Use the chromatogram supplied
with zolmitriptan fqr SYStem suitability CRS and the
chromatogram obtained with reference solution (b) to
identify the peaks due to impurities C, H and I.
Relativeretention With reference to zolmitriptan (retention
time =about 5 min): impurity H =about 0.97;
impurity I = about \.I; impurity C = about 2.0.

System suitability Reference solution (b):
- peak-tQ-JlJalley mtw: minimum 8, where Hp = heightabove

the baseline of the peak due to impurity Hand
Hu = height above the baseline of the lowestpoint of the
curveseparating this peakfrom the peakdue to
zolmitriptan; minimum 1.5, where Hp = heightabove the
baseline of the peak due to impurity I and H. = height
above thebaseline of the lowestpoint of the curve
separating thispeakfrom the peak due to zolmitriptan.

Calculation of percentage contents:
- correction factor. multiply the peak area of impurity C by

2.0;
- for each impurity, use the concentration ofzolmitriptan in

reference solution (a).
Limiu:
- impurily C: maximum 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- wuzl: maximum 0.5 per cent;
- reponing threshold: 0.05 per cent.

Water (2.5.12)
Maximum 0.5 per cent, determined on 0.500 g.

Sulfated ash (2.4.1<f)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Liquid chromatography (2.2.29) as described in the test for
related substances with the following modifications.
Detection Spectrophotometer at 283 nm.
Injection 2 ~L of test solution (b) and reference solution (c).

2022

Calculate the percentage content of Cl6H21N302 taking into
account the assigned contentof zoJmitliptan CRS.

IMPURITIES
Specified impu"iies A, C.
Other detectable impurities (thefollOOJing substances would, if
present at a sufficient level, be detected by oneor other of the mrs
in the monograph. Theyare limited by the general acteptance
cruetion for other/unspecified impuniies and/or by the general
monograph Substances for pharmaceutital use (2034). It is
therefore not neussaryW identify these impurities for
demonstration of compliance: See also 5.10. Concrol of impun'ties
in substances for pharmaceutical use) B, D, E, F, G, H, I.

A. (4R)-4-[[3-[2-(dimethylamino)ethyl]-l H-indol-5-yl]
methyl] -I ,3-oxazolidin-z-one,

B. N,N-dimethyl-2-[5-[[(4S)-2-oxo-1 ,3-oxazolidin-4-yl]
methyl]-IH-indol-3-yl]ethan-l-amine N-oxide,

C. (4S,4' S)-4,4'-[[4-(dimethylaminojbutane-I ,1-diyl]bis[[3- .
[2-(dimethylamino)ethyI)-I H-indole-2,5-diyl]methylenell
bis(l,3-oxazolidin-2-one),

o

0q:D(J..-NH ~. I
, '" .
H

NIi,

D. (4S)-4- [[3-(2-aminoethyl)-IH-indol-5-yl]methyl]-I,3­
oxazolidin-z-one,

°o:oJ..- NH,
o NH I

, 4'
H

E. (4S)-4- [(4-aminophenyl)methyl]-1,3-oxazo lidin-2-one,

www.webofpharma.com
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H,/H,UI)~
HOV"-/~~

,N-CH3

H,C

F. (2S)-2-amino-3-[3-[2-(dimethylamino)ethyl]-IH-indol-5­
yl)propan-l-ol,

Content
98.5 per cent to 101.0 per cent (anhydrous substance).

CHARACTERS
Appearance
White or almost white, hygroscopic, crystalline powder.

Solubility
Slightly soluble in water, sparingly soluble in methanol,
practically insoluble in methylenechloride.

IDENTIFICATION
First identification: A.. C.
Second identification: B, C.
A. Infrared absorption spectrophotometry (2.2.24).

Preparation Dissolve O. IO g in IO mL of a 10.3 gIL solution
of hydrocldoric add R. Add 10 mL of waterR. Add dropwise
with stirring 1 mL of dIlute ammonia R2. Filter and collect

l,3-oxazolidin-2-one,
e res tmg precipitate. as e precrprtate WI water

and then dry at 105 °C for 2 h. Examinethe precipitate as a
disc.
Comparison Repeat the operations using 0.10 g of zolpidem
/anYate CRS.

B. Tbin-Iayer chromatography (2.2.27).

Testsolution Dissolve 50 mg of the substance to be
examined in 5 mL of methanol R, add 0.1 mL of
diethylamine R and dilute ro 10 mL with mahond R.
Reference solution (a) Dissolve 50 mg of zolpidem
/anYate CRS in 5 mL of methanol R, add 0.1 mL of
duthy/amine R and dilute to 10 mL with methanol R.
Reference solution (b) Dissolve 50 mg ofjlunitrazepam CRS
in 5 mL of methylene chloride R and dilute to 10 mL with the
same solvent. Mix 1 mL of this solution and 1 mL of
reference solution (a).
Plate TLC silica gelF254 plate R.

Mobile phase diethylamine R, cydohexane R, ethylacerate R
(10:45:45 VIVIV).

Applicat;"n 5 ~L.

Development Over 2/3 of the plate.

Drying In air.

Detection Examine in ultraviolet light at 254 om.

Retardation !{U;IOYS Zolpidem = about 0.3;
ftunitrazepam = about 0.5.

System suitability Reference solution (b):
- the chromatogram shows 2 clearly separated spots.

Results The principal spot in the chromatogram obtained
with the test solution is similar in positionand size to the
principal spot in the chromatogram obtained withreference
solution (a).
C. Dissolve about 0.1 g in I mL of methanol R, heating
gently. 0.1 mL of this solution gives reaction (b) of tartrates
(2.3.1).

TESTS
Appearance of solution
The solution is clear (2.2.1) and not more intensely coloured
than reference solution Y. or BY, (2.2.2, MethodIf). Prepare
the solutions protectedfrom light and carry oUI the test as rapidly
as possible.

Triturate 0.25 g wirh 0.125 g of tanaric acidR. Dissolve the
mixture in 20 mL of waterR and dilute to 25 mL with the
same solvent.

Related substances
Liquid chromatography (2.2.29).

**** ** ** ****

99294-93-6

H OH

Ho,CXyCo,H
H OH

765

I. 3-[2-(dimethylamino)ethyl)-5-[[(4S)-2-oxo-I,3-oxazolidin­
4-yl]methyl)-IH-indole-2-carboxylic acid.

H. (4S)-4-[(2-methyl-I,2,3,4-tetrahydro-9H-pyrido[3,4-b)
indol-6-yl)methyl]-1,3-oxazolidin-2-one,

-- ""Ell

(ph. Bur. monograph 1280)

Action and use
Non-benzodiazepine hypnotic.

Preparation
Zolpidem Tablets

Zolpidem Tartrate

DEFINITION
Bis[N,N-dimethyl-2-[6-methyl-2-(4-methylphenyl)imidazo
[I ,2-a]pyridin-3-yl)acetamide) (2R,3R)-2,3­
dihydroxybutanedioate.

""Ell _

www.webofpharma.com
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B,

F. N,N-dimethyl-4-(4-methylphenyl)-4-oxobutanamide.

andenanllomer

CH,

o CH3

~~'CH'
HcN ~,

A. N,N-dimethyl-2-[7-methyl-2-(4-methylphenyl)irnidazo
[1,2-a)pyridin-3-yl)acetamide,

~:
H,C

therefore not neussaryUJ identify these impurities for
demonstration of compliance. See also 5.10. Control of impun'ties
in substances forpharmaceutical use) A, C, D, E, F.

{l
CH'

• I
'I 0

H,C-C. ._CH,
,

H,C

C. 4-(4-methylphenyl)-4-oxobutanoic acid,

B. 2-[2-(3-bromo-4-methylphenyl)-6-methylimidazo[I,2-a)
pyridin-3-yl]-N,N-dimethylacelamide,

D. (3RS)-3-bromo-N,N-dimethyl-4-(4-methylphenyl)-4­
oxobutanamide,

E. (2E)-N,N-dimethyl-4-(4-methylphenyl)-4-oxobut-2­
enamide,

___________________ 1""<1

Ten solution Dissolve 25.0 mg of the substance to be
examined in the mobile phase and dilute to 50.0 mL with
the mobile phase.

Reference solution (a) Dilute 1.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 rnL of this
solution to 10.0 mL with the mobile phase.

Reference sohuion (b) Dissolve 2.5 mg of zolpidem for system
suilability CRS (COntaining impurities A and B) in the mobile
phase and dilute to 5 mL with the mobile phase.

Column:
- size: / = 0.15 m, 0 =3.9 rnm;
- stationary phase: end-capped ocrade<YfsiIYI silica gelfor

chromatography R (4 pm).

Mobile phase Mix 18 volumes of aceumimie R, 23 volumes
of methanol R and 59 volwnes of a 5.6 gIL solution of
ho hone acid R reviousl adjusted [0 pH 5.5 with

m"ethy/amine R.
Flow rale 1.5 mUmin.

Detection Spectrophotometer at 254 run.

Injection 20 ~L.

Run rime 4 times the retention time of zolpidem.

Identification of impun"ties Use the chromatogram supplied
with zolpidem for SYStem suitability CRS and the chromatogram
obtained with reference solution (b) to identify the peaks due
to impurities A and B.
Relative retention With reference [0 zolpidem (retention
time =about 7 min): tartaric acid =about 0.1;
impurity A =about 0.8; impurity B =about 3.6.

Systemsuitability Reference. solution (b):
- resolution: minimum 2.0 between the peaks due to

impurity A and zolpidem.

Calculation of percentage con"",,,
- for each impurity, use the concentration of zolpidem

tartrate in reference solution (a)"

Limits:
- impurity B: maximwn 0.15 per cent;
- unspecified impurities: for each impurity, maximum

0.10 per cent;
- lOtal: maximum 0.2 per cent;
- reporting threshold: 0.05 per cent; disregard the peak due [0

tartaric acid.

Water (2.5.12)
Maximum 3.0 per cent, determined on 0.500 g.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 20 rnL of anhydrous auric
acidRand 20 rnL of acetic anhydride R. Titrate with O. I M
perch10ric acid, determining the end-point potentiometrically
(2.2.20). Carry out a blank titration.

1 mL of o. I M perchlonc acid is equivalent '0 38.24 mg
of C42H4SN60S'

STORAGE
In an airtight container, protected from light.

IMPURITIES
Spedfied impurities B.
Otherdetectable impurities (the following substances would, if
present at a sufficient kvel, be detected by oneor otherof the tests
in the monograph. They are limited by the general acceptance
criterion for other/unspecified impun"ties and/or by thegeneral
monograph Substances for pharmaceutical use (2034). It is

www.webofpharma.com
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Zopiclone
(ph. Eur. monogroph 1060)

388.8

Action and use
Non-benzodiazepine hypnotic.

Preparation

andenanliomer

43200-80-2

principal spot in the chromatogram obtained wilh the
reference solution.

TESTS
Solution S
Dissolve 1.0 g in dimethylfomtamide Rand dilute '0 20.0 mL
with the same solvent.

Appearance of solution
SolutionS is not more opalescent than reference
suspension II (2.2.1) and not more intenselycolouredthan
intensity 5 of the range of reference solutions of the most
appropriate colour (2.2.2, Method 11).

Optical rotation (2.2.7)
-0.05° to + 0.05°.

Dilute 10.0 mL of solution S to 50.0 mL with
dimethylfamtamide R.

PhE" _

DEFINITION
(5RSJ-6-(5-CWoropyridin-2-yl)-7-oxo-6,7-dihydro-5H­
pyrrolo [3,4-b1pyrazin-5-yl 4-methylpiperazine-l-carboxyla teo

Content
98.5 per cent to 100.5 per cent.

CHARACTERS
Appearance
White or slightly yellowish powder.

Solubility
Practically insoluble in water) freely soluble in methylene
chloride, sparingly soluble in acetone, practically insoluble in
ethanol (96 per cent). It dissolves in dilutemineral acids.

IDENTIFICATION
Firstidendfication: B.
Second identification: A, C.

A. Ultraviolet and visible absorption spectrophotometry
(2.2.25).

Test solution Dissolve 50.0 mg in a 3.5 gILsolution of
hydrochlori< acid R and dilute to 100.0 mL with the sarne
solvent. Dilute 2.0 mL of this solution to 100.0 mL with a
3.5 gIL solution of hydrochloric acidR.
Spectral range 220-350 om.

Absorption maximum At 303 nm.
Specific absorban", at the absorption maximum 340 to 380.

B. Infrared absorption spectrophotometry (2.2.24).

Con/pawn zopiclone CRS.

C. Thin-layer chromatography (2.2.27).

Test solution Dissolve 10 mg of the substance to be
examined in methylene chloride R and dilute co 10 mL with
the same solvent.
Reference solution Dissolve 10 mg of eopidone CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.

PIal< TLC silica gel GF'54plal< R.
Mobile phase triethylamine R, acetone R, ethylaUlal< R
(2:50:50 VIVIV).
Application 10 J1L.
Deodopment Over 2/3 of the plate.

Drying In air.

Deuaion Examine in ultraviolet light at 254 om.

Results The principal spot in the chromatogram obtained
with the test solutionis similar in position and size [Q the

Liquid chromatography (2.2.29). Prepare the solutions
immediately before use.
Test solution Dissolve 40.0 mg of the substance to be
examined in the mobilephase and dilute [Q 10.0 mL with
the mobilephase.
Reference solution (aJ Dilute 2.0 mL of the test solution to
100.0 mL with the mobile phase. Dilute 1.0 mL of this
solution to 10.0 mL with the mobilephase.
Reference solution (b) Dissolve 4.0 mg of zopidone axideCRS
(impurity A) in the mobile phase and dilute to 10.0 mL with
the mobile phase. To 5.0 mL of the solution add 0.5 mL of
the test solution and dilute to 50.0 mL with the mobile
phase.
Reference rolution (c) Dissolve 2.0 mg of sopidone
impurity B CRS in the mobile phase and dilute to 5.0 mL
with the mobilephase. Dilute 1.0 mL of the solution to
100.0 mL with the mobile phase.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-capped octadecylsilyl silica gelfor

chromatography R (5 urn);
- temperature: 30°C.
Mobile phase Mix 38 volumes of a"'tonitrile Rand
62 volumes of a solution containing 8.1 gIL of sodium
laurilsulfal< Rand 1.6 gIL of sodium dihydrogen phosphate R,
previously adjusted to an apparent pH of 3.5 with a
10 per cent VIV solution ofphosphoric acidR.
Flow ral< 1.5 mllmin.

Detection Spectrophotometer at 303 run.
Injection 20 ~L.

Run time 1.5 times the retention timeof zopiclone.
Identification of impurities Use the chromatogram obtained
with reference solution (c) to identify the peakdue to
impurity B. •
Retention time Zopiclone = 27 min to 31 min; if necessary.
adjust the concentration of acetonitrile in the mobile phase.
Relative retention With reference to zopiclone:
impurity B =about 0.1; impurity A =about 0.9.

System suitability Reference solution (b):
- resolution: minimum 3.0 between the peaks due to

impurity A and zopiclone; if necessary, adjust the mobile
phase to pH 4.0 with a 10 percent VIV solution of
phospho",acidR.
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Limits:
- impurity B: not more than twice the area of the

corresponding peak in the chromatogram obtainedwith
reference solution (e) (0.2 per cent);

_ unspecified impurities: for each impurity, not more than
0.5 times the area of theprincipal peak In the
chromatogram obtained with reference solution (a)
(0.10 per cent);

_ IOtal (exduding impurity B): not more than the area of the
principal peakin me chromatogram obtained with
reference solution (a) (0.2 per cent);

_ disregard limit: 0.25 times the area of the principal peakin
the chromatogram obtained with reference solution (a)
(0.05 per cent).

2-Propanol
Gas chromatography (2.2.28).

85721-05-7

andenanliomer

443.0

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Zuclopenthixol Acetate Injection

Zuclopenthixol Acetate

DEFINITION
Zuclopenthixol Acetate is (Zl-2-4-[3-(2-chlorothioxanthene­
9-ylidene)propyljpiperazin-I-ylethyl acetate. It contains not
less than 98.0% and not more than 102.0% of
C2.J127CIN202S, calculated with reference to the dried
substance.

____________________ Phf..

C.6_(5_cWoropyridin_2_yl)_6,1_dihydro-5H_pyrrolo[3,4_bj

pyrazin-5-one.

A. (5RSj_6_(5_cWoropyridin_2_yl)_1_oxo_6,1_dihydro_5H_
pyrrolo [3,4-b] pyrazin-5-yl 4-methylpiperazine-I­
carboxylate 4-oxide (zopiclone oxide),

B. (1RSj-6-(5-cWoropytidin-2-yl)-1-hydroxy-6,1-dihydro-5H­
pyrrolo[3,4-bjpyrazin-5-one,

IMPURITIES
Specified impun'ties B.
Otherdetectable impurities (thefolkJwing substances would, if
present at a sufficient level, be detected by une or other of the tests
in the monograph. They are limited by thegeneral acceptance
cntetion for other/unspecified impurities and/or by thegeneral
monograph Substances for ph..macetuical use (2014). It is
therefore not necessary w identify these impun'ties for
demonstration of compliance. See also5.10. Control of impuriues
in substances for phamuueutical use) A, C.

'0
50 --f 70

70

70 ---> 200

200

150

250

Temperature
CCl

Time
(min)

0-'
5·10

10 - 14
14 - 20.5

20.5 - 27.5

Column

Injection pert

Detector

Internal standard solutron ute 0 e an 0

100 mL with ethylene chloride R. Dilute 1 mL of the solution
to 10 mL with ethylene chloride R.
Test solution Dissolve0.25 g of the substance to be
examined in ethylene chloride R) add 0.5 mL of the internal
standard solution and dilute to 5.0 mLwith ethylene
chloride R.
Reference sdution Dilute 4.5 mL of 2-propanol R to
100.0 mL with ethylene chloride R. To 1.0 mL of the solution
add 10.0 mLof the internal standard solution and dilute to
100.0 mL with ethylene chloride R.

Column:
- material: fused silica;
- size: / =10 ID, 0 =about 0.53 mm;
_ stationary phase: styrene-divinylbenzene copolymer R (film

thickness 20 pm).
Carrier gas helium for chTomarography R.
Floro Tale 4 mIlmin.

Temperature:

Detection Flame ionisation.

Injection 1 ~L.

Calculate the percentage content mlmof 2-propanol taking
its density to be 0.185 g/mL at 20 "C.

Limit:
- 2-propanol: maximum 0.1 per cent mlm.

Sulfated ash (2.4.14)
Maximum 0.1 per cent, determined on 1.0 g.

ASSAY
Dissolve 0.300 g in a mixture of 10 mLof anhydrous acecic
acidRand 40 mL of acetic anhydride R. Titrate with 0.1 M
perchloric acid, determining the end-pointpotentiometrically
(2.2.20).
1 mL of 0.1 M perchloric acid is equivalent to 38.88 mg
of C17H17CIN603 .

STORAGE
Protected from light.
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C. zuclopenthixcl.

Zuclopenthixol Decanoate
(Ph. Eur. monograph 1707)

**** ** ** ****

Reference solution (b) Dissolve 5.0 mg of zudopemhixol
impurityB CRS in acetonitrile R and dilute to 100.0 mL with
the same solvent. Dilute 5.0 mL of this solution to 100.0 mL
with acetonitrile R.
Reference solulUm (c) Dissolve the contents of a vial of
zuclopenthixol for system suitability CRS (containing
impurities A, Band C) in I mL of methanol R.

Column:
- size: 1= 0.25 m, 0 = 4.6 mm;
- stationary phase: end-eapped ocradecylsilYl silica gelfor

chromawgrapJry R (5 pm):
- temperature: 40 "C.

Mobile phase Mix 25 volwnes of solution A and 75 volumes
of anhydrous ethanol R, then add 0.1 volumes of phosphoric
acidR.
Flowrate 1.0 mUmin.

"'Ell ~ ~ _

DEFINITION
2-[4-[3-[(9Z)-2-CWoro-9H-thioxanthen-9-ylidene)
propyl]piperazin-I-yl)ethyl decanoate,

Content
98.0 per cent to 102.0 per cent (dried substance).

CHARACTERS
Appearance
Yellow, viscous, oily liquid.

Solubility
Very slightly soluble in water, very soluble in ethanol
(96 per cent) and in methylene chloride.

IDENTIFICATION
Infrared absorption spectrophotometry (2.2.24).

Comparison Ph. Eur. reference spearum of zudapenthixal
decanoau.

"

Deuction Spectrophotometer at 270 om.
Injection 20 IJL.
Run time Twice the retention timeof zuclopenthixol
decanoate.
Identification of impurities Use the chromatogram supplied
with zudopenrhixal for system suitabih'ty CRS and the
chromatograms obtained withreference solutions (b) and (c)
to identify the peaks due to impurities A, B and C.
Relativeretention With reference to zuclopenthixol decanoate
(retention time =about 12 min): impurity C = about0.4;
impurity B =about 0.5; impurity A =about 1.1.

Systemsuitability Reference solution (c):
- peak-llMJalley rat": minimum 2.0, where Hp =height

above the baseline of the peakdue to impurity C and
H v =height above the baseline of the lowestpoint of the
curve separating this peak from the peak due to
impurity B; andminimum 2.5, where Hp = heightabove
the baseline of the peak due to impurity A and
HI} = heightabove the baseline of me lowest point of the
curve separating this peak from the peakdue to
zuclopenthixol decanoate.

Limits:
- impurity A: not morethan 1.3 times the area of the

principal peak in the chromatogram obtained with
reference solution (a) (1.3 per cent);

- impurity B: not more than 0.2 times me area of the
principal peak in thechromatogram obtained with
reference solution (b) (0.2 per cent);

- ;mpun·ty C:not more than 0.3 times the area of the
principal peak in the chromatogram obtained with
reference solution (a) (0.3 per cent);

- unspecified impun'ties: foreachimpurity, not more than
0.1 times the area of the principal peak in the
chromatogram obtained withreference solution (a)
(0.10 per cent);

- total: not more than 1.5 times the area of the principal
peak in the chromatogram obtained with reference
solution (a) (1.5 per cent);

- disregard {imil: 0.05 times the area of the principal peakin
the chromatogram obtained withreference solution (a)
(0.05 per cent). .

Loss on drying (2.2.32)
Maximum 0.5 per cent, determined on 1.000 g by drying in
vacuaat 60 °C for 3 h.

Sulfated ash (2.4.14)
Maximum 0.1 percent, detennined on 1.0 g.

64053-00-5555.2

CI

C"H"CIN,O,s

Action and use
Dopamine receptor antagonist; neuroleptic.

Preparation
Zuclopenthixol Decanoate Injection

TESTS
Appearance of solution
The solution is clear (2.2.1).

Using an ultrasonic bath,dissolve 1.0 g in ethanol
(96 per een!! R and dilute to 20.0 mL with the same solvent.

Related substances
Liquid chromatography (1.2.29). Cany out the test protected
from lightand prepare the solutrous immediately before use.
Solution A Dissolve 8.89 g of docusate sodium R in waterfor
chromatography R, stirring for about 6-8 h, anddilute to
1000 mL with the same solvent.
Test solution Dissolve 25.0 mg of the substance to be
examined in acetonitrile R and dilute to 100.0 mL with the
samesolvent.
Reference solution (a) Dilute 1.0 mL of the testsolution to
100.0 mL with acetoniaile R.
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CHARACTERISTICS
A yellowish, viscous oil.
Very slightly soluble in water, very soluble in dichloromethone,
in ethanol (96%) and in ether.

IDENTIFICATION
A. The light absorption of a 0.0015% w/v solution in ethanol
(96%), Appendix II B, in the range 210 to 350 run exhibits
two maxima at 230 and 268 om. The absorbances at the
maxima are about 1.18 and 0.51 respectively.
B. The infrared absorption spectrum, Appendix Il A, is
concordant with the reference spectrum of zuclopenthixol
acetate (RS 363).

TESTS
Related substances
Carry out the method for thin-layer chromatography,. . .,,
light.

(1) 0.250% wlv of the substance being examinedin
dichloromeshane.
(2) Dilute I volume of solution (I) to 100 volume with
dichloromethane, further dilute 1 volume of this solution to
10 volumes with the same solvent.
(3) Dilute I volume of solution (2) to 2 volumes with
dichloromuhane.
(4) 0.00050% wlv of 2- chlorothioxanthone BPCRS in
dichloromethane.
(5) 0.000625% wlv of zuclopenthixol hydrochloride BPCRS in a
solution containing 3 drops of diethylamine in dichloromethane.

CHROMATOGRAPHIC CONDITIONS

(a) Use as the coating silicagelFm (Merck silica gel 60
F254 plates aresuitable).
(b) Use an unlined tank and the mobile phase as described
below.

(c) Apply 4 ~L of each solution.

(d) Develop the plate to 10 em,

(e) Afterremoval of the plate, allowit to dry in air, spray
with a mixture of equal volumes of sulfuric acid and absolute
ethanol) heat at 110° for 5 minutes and examine under
ul,ravialet light (365 .m) immediately.

MOBILE PHASE

10 volumes of diethylamine, 40 volumes of dichloromethane
and 50 volumes of cydohexone.

LIMITS

In the chromatogram obtainedwith solution (1):
any spot corresponding to 2-chlorothioxanthone is not more
intense than the spot in the chromatogram obtainedwith
solution (4) (0.2%);

any spot corresponding to zuclopenthixol is not more intense
than the spot in the chromatogram obtainedwithsolution (5)
(0.25%);

any othersecondary spot is not more intense than the spot in
the chromatogram obtained with solution (2) (0.1%);

not more than three other secondary spots are more intense
than the spot in the chromatogram obtainedwith solution (3)
(0.05%).

trans--Isomer
Carry out the method for liquidchromatography,
Appendix ill D) using the following solutions in
dichtoromemone protected from light.
(I) 0.040% wlv of the substance being examined.

Zuclopenthixol Acetate II-1351

(2) 0.00046% wlv of trans-dopetuhixd autate
d.nydrochlon·de BPCRS (equivalent to 0.00040% wlv of Irans­
clopenthixot acetate).

(3) 0.020% w/vof the substance beingexamined and
0.023% wlv of trans-dopenthixol aatate
dihydrochwride BPCRS.

CHROl\iATOGRAPHIC CONDITIONS

(a) Use stainless steel column (25 ern x 4.6 rom) packed with
silica gelfor chromatography (5 pm) (Spherisorb S 5W is
suitable).

(b) Use isocratic elution and the mobilephasedescribed
below.
(c) Use a flow rate of 2 mL per minute.
(d) Use ambient temperature.
(e) Use a detectionwavelength of 254 nm.

ieee j.l 0 eac so u Ion.

MOBILE PHASE

0.03 volume of 13.5Mammonia, 45 volumes of
dichloromethane, 45 volumes of heptane and 50 volumes of
acetonitrile.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
with solution (3), the resolution betweenthe principal peaks is
at least 2.6.

LIMITS

In the chromatogram obtainedwith solution (1), the area of
any peakcorresponding to trans-clopenthixol acetate is not
greater than the area of the peak. in the chromatogram
obtained with solution (2) (1%).

Loss on drying
When dried at 60° at a pressure not exceeding 0.7 kPa for
3 hours, loses not more than0.4% of its weight)
Appendix XI D. Use I g.

Sulfated ash
Not more than O.I%J Appendix IX A.

ASSAY
Dissolve 0.2 g in 50 mL of anhydrous acetic acidand carry
out Method I for non-aquecus titration, Appendix VITI A)
determining the end point potentiometrically. Each mL of
O.lMperchloric acid VS is equivalent to 22.15 mg of
C"H27CIN202S.

STORAGE
Zuclopenthixol Acetateshould be protected from light and
stored at a temperature not exceeding -20°.

IMPURITIES

CH,(CH2IsCOO~Nl

~®NH",,""CI

"'" I "'" Is
A. mms-elopemhixoJ acetate(trans-,somer),

o

cxXr"""" CI

"'" I "'" Is

B. 2-chlorothioxanthone,
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___________________ PhE<I

more than 101.0% of C22H25ClN20S,2HCl, calculated with
reference to the anhydrous substance.

CHARACTEillSTICS
An off-white, granular powder.
Verysolublein water; sparingly soluble in ethanol (96%); very
slightly soluble in ether.

IDENIlFICATION
A. The lightabsorption of a 0.0015% w/v solution in ethanol
(96%), Appendix II B, in the range 210 to 350 nm exhibits
two maxima at 230 and 268 om. The absorbances at the
maxima are about 1.0 and 0.4, respectively.
B. The infrared absorption spectrum, Appendix IT A, is
concordant with the reference spectrum of zuclopenthixol
hydrochloride (RS 365).

C. Yields reaction A characteristic of chlorides, Appendix VI.

Acidity
pH of a 1.0% vdv solution, 2.0 to 3.0, Appendix V L.

Free amine
Carry out the method for thin-layer chromatography,
Appendix ill A, using the following solutions protected from
light.

Sol"."t A Shake 0.6 mL of diethylamine with 150 mL of
ethanol (96%) and add sufficienr ethanol(96%) 10 produce
200 mL.

(I) 0.25% wlv solution of the substance being examined in
solventA.
(2) Dilute I volume of solution (I) to 400 volumes with
solvent A.

CHROMATOGRAPHIC CONDITIONS

(a) Use a TLC silica gel Fzs« pia,. (Merck plates are suitable).

(b) Use the mobile phase as described below.

(c) Apply 4 ~L of each solution.

(d) Develop the plate 10 10 em.
(e) After removal of the plate, allow it to dry in air,spray
with a mixture of equal volumes of sulfuric acid and absolute
ethanol, heat at 110° for 5 minutes and examine under
ulrravWlet light (365 nm) immediately.

MOBILE PHASE

2 volumes of water, 10 volumes of 135M ammonia,
20 volumes of buum-l-ol and 65 volumes of cu.etone.

LIMITS

In me chromatogram obtained with solution (1) any
secondary spotof the same colour and at an Rf value lower
than that of the principal spot is not more intense than the
spot in the chromatogram obtained solution (2) (0.25%).

Related substances
Carry out the method for liquid chromarcgraphy,
Appendix IllD, using the foUowing solutions protectedfrom
light.

Solution A 18 volumes of acetonitrile and 82 volumes of water.

(1) Dissolve 20 mg of the substance being examined in
200 mL of solution A.

(2) Dilute I volume of solution (1) to 100 volumes with
solution A and further dilute 1 volume of this solution to
10 volumes with solution A.
(3) Dilute 3 volumes of solution (I) 10 100 volumes with
solution A.

633-59-0

.2HCI

473.9

CI

C. 2-[4-[3-[(9Z)-2-chloro-9H-thioxanthen-9-ylidene)
propyl]piperazin-I-yl]ethanol.

A. 2-[4-[3-[(9E)-2-chloro-9H-thioxanthen-9-ylidene]
propyl]piperazin-l-yl]ethyl decanoate,

ASSAY
Dissolve 0.250 g in 50 mL of anhydrous acetic acid R. Titrate
with 0.1 M perddoric acid, determining the end-point
potentiometrically (2.2.20).

I mL of 0.11\1perchkmc acid is equivalent to 27.76 mg
of C32H"CIN,O,S.

STORAGE
Under an inertgas in an airtight container, protected from
light, at -20 °C or below.

IMPURITIES
Specified impurities A, B, C.

B. 2-chloro-9H-thioxanthen-9-one,

%: 0

s .P'

"'" CI

c"H"CIN,OS,2HCI

Action and use
Dopamine receptorantagonist; neuroleptic.
Preparadon
Zuclopenthixol Tablets

DEFINmON
Zuclopenthixol Hydrochloride is (Z)-2-4-[3-(2­
chlorothioxanthene-9-ylidene)propy I]piperazin-I-ylethanol
dihydrochloride. It containsnot less than 98.0% and not
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(4) 0.002% wlv each of zudopemhixoi hydrochloride BPCRS
and trans-dopemnixd hydrochloride BPCRS (impurity B) in
solutionA.

CHROMATOGRAPHIC CONDITIONS

(a) Use a stainless steel column (5 cm x 2.1 mrn) packed
with OCIadecylsily/ silica gelfor chromatography (3.5 pm)
(Symmetry Shield RP18 is suitable).

(b) Use gradient elution and the mobile phase described
below.

(c) Use a flow rate of 0.6 mL per minute.

(d) Use a column temperature 40°.

(e) Use a detection wavelength of 270 nm,

(I) Inject 5 pL of each solution.

MOBILE PHASE

perchloric acid VS is equivalent to 23.70 mg of
C"H2,CI3N20S.

STORAGE
Zuclopenthixol Hydrochloride should be protected from
light.

IMPURITIES

rN~OH

&£
~~ ~ N'!
I I

""- s ""-

A. 2-cWoro-9-(I-hydroxy-3-(4-(2-hydroxyethyl)]piperazin-l-

F. 2-cWoro-9-(3-piperazin-l-ylpropylidene)thioxanthene.

CI

CI

CH2HO

o

cCcrCI

I e-: I""- s -e-,

B. trans-clopenthixolJ

C. 2-chlorothioxanthoneJ

D.9-allyl-2-chlorothioxanthen-9-oIJ

E. 9-allylidene-2-chlorothioxantheneJ

Time Mobile Moblle Mobile Comment
(MInutes) phase A phase B phase C

(% vlv) (% ylv) (0/.YIv)

0-8 82 is 0 Isocrate

8-t7 82-->5 18--->10 0-+85 linear gradient

17-19 5--->82 10..... 18 85 ..... 0 linear gradient

19-30 82 18 0 re-equilibration

When the chromatograms arerecorded under the prescribed
conditions, the retention times relative to zuclcpenrhlxol
(retention time about 6 minutes) are: impurity A, about 0.1;
impurityB, about 1.2.

SYSTEM SUITABILITY

The test is not valid unless, in the chromatogram obtained
withsolution (4), the resolution between the peaks
corresponding to zuclopenthixol and irnpurky B is
at least 2.0.

LIMITS

In the chromatogram obtainedwith solution (1):

The area of any peakdue to trans-zuclopenthixol is not
greater than the area of the principal peakinthe
chromatogram obtained with solution (3) (3%);

The area of any othersecondary peak is not greater than the
area of the principal peak in the chromatogram obtained with
solution (2) (0.1%).

The sum of the areas of any secondary peakJ excluding trans­
.clopenthixol hydrochloride, is not greater than5 times the
area of the principal peak in the chromatogram obtained with
solution (2) (0.5%).

Disregard any peak with an area less than half the area of the
principal peakin the chromatogram obtained with solution
(2) (0.05%).

Water
Not more than 2.5%, determined on 0.5 g, Appendix IX C.

Sulfated ash
Not more than0.1%J Appendix IX A.

ASSAY
Dissolve 0.5 g in 50 mL of anhydrous ocelic acid and carry
out Method I for non-aqueous titration, Appendix vm AJ

using crystal violet solution as indicator. Each mL of O.lM

25 volumes of warer.
JWobile phase B 1 volume of rrifluoroaceu', acidand
25 volumes of aceumitnle.
Mobile phase C methanol.
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